Car ignition system diagram

The purpose of the ignition system is to generate a very high volt age from the car's 12 volt
battery , and to send this to each sparkplug in turn, igniting the fuel-air mixture in the engine 's
combustion chambers. The coil is the component that produces this high voltage. It is an
electromagnetic device that converts the low-tension LT current from the battery to
high-tension HT current each time the distributor contact-breaker points open. The distributor
unit consists of a metal bowl containing a central shaft, which is usually driven directly by the
camshaft or, sometimes, by the crankshaft. The bowl houses the contact-breaker points, rotor
arm, and a device for altering the ignition timing. It also carries the distributor cap. The
distributor cap is made of nonconductive plastic, and the current is fed to its central electrode
by the HT lead from the centre of the coil. Inside the cap there are more electrodes often called
segments to which the sparkplug leads are connected, one per cylinder. The rotor arm is fitted
on top of the central shaft, and connects to the central electrode by means of a metal spring or
spring-loaded brush in the top of the distributor cap. The current enters the cap through the
central electrode, passes to the centre of the rotor arm through the brush, and is distributed to
each plug as the rotor arm revolves. As the rotor arm approaches a segment, the
contact-breaker points open and HT current passes through the rotor arm to the appropriate
sparkplug lead. The contact-breaker points are mounted inside the distributor. They act as a
switch , in synchronisation with the engine, that cuts off and reconnects the 12 volt low-tension
LT circuit to the coil. The points are opened by cams on the central shaft, and are closed again
by a spring arm on the moving contact. With the points closed, LT current flows from the
battery to the primary windings in the coil, and then to earth through the points. When the
points open, the magnetic field in the primary winding collapses and high-tension HT current is
induced in the secondary windings. On a four-cylinder engine there are four cams. With each
full rotation of the shaft the points open four times. Six-cylinder engines have six cams and six
electrodes in the cap. The position of the points and the distributor's body in relation to the
central shaft can be adjusted manually. This alters the timing of the spark to obtain an exact
setting see How engine timing works. Further changes occur automatically as the engine speed
varies according to the throttle opening. In some modern ignition systems, micro-electronics
ensure the optimum ignition timing for all engine speeds and engine load conditions see How
engine timing works. The sparkplugs are screwed into the combustion chambers in the cylinder
head. It then passes down the central electrode, which is insulated along its length, to the nose
of the plug. A side electrode connected to the plug body protrudes just below the central one,
with the gap between the two usually set from 0. The Video Course teaches you everything
about modern cars. This current is transferred to the sparkplugs through the distributor cap. HT
current passes from each segment on the distributor cap down the plug leads to the plug caps.
Engine Block 18 minutes. Every part explained There's ridiculous detail on every part. Clearly
and easily explained. All modeled in 3D We've created the most detailed 3D model ever
produced so we can show you everything working. Start watching. Super detailed explanations
in the video course 15 hours of pro-quality, HD content with subtitles. Ignition System. If your
car is misfiring or running badly, or has suddenly stopped completely, the most likely source of
the problem is the ignition system. The rubber anti-vibration mountings of an engine may crack
or come away from the metal plates to which they are bonded. Cooling systems. Over a period
of years, sediment builds up in a car's cooling system even if antifreeze containing corrosion
inhibitors is left in all year round. The internal combustion engine is an amazing machine that
has evolved for more than years. It continues to evolve as automakers manage to squeeze out a
little more efficiency, or a little less pollution, with each passing year. The result is an incredibly
complicated, surprisingly reliable machine. Other HowStuffWorks articles explain the
mechanics of the engine and many of its subsystems, including the fuel system , cooling
system , camshafts , turbochargers and gears. One could argue that the ignition system is
where it all comes together, with a perfectly timed spark. In this article, we'll learn about ignition
systems, starting with spark timing. Then we'll look at all of the components that go into making
the spark, including spark plugs, coils and distributors. And finally, we'll talk about some of the
newer systems that use solid-state components instead of the distributor. The ignition system
on your car has to work in perfect concert with the rest of the engine. If the ignition system fires
at the wrong time, power will fall and gas consumption and emissions can increase. This
transformation causes the pressure in the cylinder to increase dramatically and forces the
piston down. In order to get the most torque and power from the engine, the goal is to maximize
the pressure in the cylinder during the power stroke. Maximizing pressure will also produce the
best engine efficiency, which translates directly into better mileage. The timing of the spark is
critical to success. If the spark occurs right when the piston reaches the top of the compression
stroke, the piston will have already moved down part of the way into its power stroke before the
gases in the cylinder have reached their highest pressures. To make the best use of the fuel, the

spark should occur before the piston reaches the top of the compression stroke , so by the time
the piston starts down into its power stroke the pressures are high enough to start producing
useful work. And because the length of the stroke and the area of the piston are fixed, the only
way to maximize work is by increasing pressure. The timing of the spark is important, and the
timing can either be advanced or retarded depending on conditions. The time that the fuel takes
to burn is roughly constant. But the speed of the pistons increases as the engine speed
increases. This means that the faster the engine goes, the earlier the spark has to occur. This is
called spark advance : The faster the engine speed, the more advance is required. Other goals,
like minimizing emissions , take priority when maximum power is not required. For instance, by
retarding the spark timing moving the spark closer to the top of the compression stroke ,
maximum cylinder pressures and temperatures can be reduced. Lowering temperatures helps
reduce the formation of nitrogen oxides NO x , which are a regulated pollutant. Retarding the
timing may also eliminate knocking; some cars that have knock sensors will do this
automatically. The electricity must be at a very high voltage in order to travel across the gap
and create a good spark. Voltage at the spark plug can be anywhere from 40, to , volts. The
spark plug must have an insulated passageway for this high voltage to travel down to the
electrode, where it can jump the gap and, from there, be conducted into the engine block and
grounded. The plug also has to withstand the extreme heat and pressure inside the cylinder,
and must be designed so that deposits from fuel additives do not build up on the plug. Spark
plugs use a ceramic insert to isolate the high voltage at the electrode, ensuring that the spark
happens at the tip of the electrode and not anywhere else on the plug; this insert does
double-duty by helping to burn off deposits. Ceramic is a fairly poor heat conductor, so the
material gets quite hot during operation. This heat helps to burn off deposits from the electrode.
Some cars require a hot plug. This type of plug is designed with a ceramic insert that has a
smaller contact area with the metal part of the plug. This reduces the heat transfer from the
ceramic, making it run hotter and thus burn away more deposits. Cold plugs are designed with
more contact area, so they run cooler. The carmaker will select the right temperature plug for
each car. Some cars with 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 your car. Next, we'll learn about the coil that
generates the high voltages required to create a spark. The coil is a simple device -- essentially
a high-voltage transformer made up of two coils of wire. One coil of wire is called the primary
coil. Wrapped around it is the secondary coil. The secondary coil normally has hundreds of
times more turns of wire than the primary coil. The primary coil's current can be suddenly
disrupted by the breaker points , or by a solid-state device in an electronic ignition. If you think
the coil looks like an electromagnet , you're right -- but it is also an inductor. The key to the
coil's operation is what happens when the circuit is suddenly broken by the points. The
magnetic field of the primary coil collapses rapidly. The secondary coil is engulfed by a
powerful and changing magnetic field. This field induces a current in the coils -- a very
high-voltage current up to , volts because of the number of coils in the secondary winding. The
secondary coil feeds this voltage to the distributor via a very well insulated, high-voltage wire.
The distributor handles several jobs. Its first job is to distribute the high voltage from the coil to
the correct cylinder. This is done by the cap and rotor. The coil is connected to the rotor, which
spins inside the cap. The rotor spins past a series of contacts, one contact per cylinder. As the
tip of the rotor passes each contact, a high-voltage pulse comes from the coil. The pulse arcs
across the small gap between the rotor and the contact they don't actually touch and then
continues down the spark-plug wire to the spark plug on the appropriate cylinder. When you do
a tune-up, one of the things you replace on your engine is the cap and rotor -- these eventually
wear out because of the arcing. Also, the spark-plug wires eventually wear out and lose some of
their electrical insulation. This can be the cause of some very mysterious engine problems.
Older distributors with breaker points have another section in the bottom half of the distributor
-- this section does the job of breaking the current to the coil. The ground side of the coil is
connected to the breaker points. A cam in the center of the distributor pushes a lever connected
to one of the points. Whenever the cam pushes the lever, it opens the points. This causes the
coil to suddenly lose its ground, generating a high-voltage pulse. The points also control the
timing of the spark. They may have a vacuum advance or a centrifugal advance. These
mechanisms advance the timing in proportion to engine load or engine speed. Spark timing is
so critical to an engine's performance that most cars don't use points. Instead, they use a
sensor that tells the engine control unit ECU the exact position of the pistons. The engine
computer then controls a transistor that opens and closes the current to the coil. In the next
section, we'll take a look at an advance in modern ignition systems: the distributorless ignition.
One of the technologies that enables this long maintenance interval is the distributorless

ignition. The coil in this type of system works the same way as the larger, centrally-located
coils. The engine control unit controls the transistors that break the ground side of the circuit,
which generates the spark. This gives the ECU total control over spark timing. Systems like
these have some substantial advantages. First, there is no distributor, which is an item that
eventually wears out. Also, there are no high-voltage spark-plug wires, which also wear out.
And finally, they allow for more precise control of the spark timing, which can improve
efficiency, emissions and increase the overall power of a car. For more information on ignition
systems and related topics, check out the links on the next page. See car engine pictures.
Ignition System Timing. The spark plug fires before the piston reaches top dead center. Spark
Plug. The spark plug is in the center of the four valves in each cylinder. The difference between
a "hot" and a "cold" spark plug is in the shape of the ceramic tip. Ignition System Coil. Ignition
System Distributor. Distributorless Ignition. Instead of one main coil, distributorless ignitions
have a coil for each spark plug, located directly on the spark plug itself. There are actually more
than two types of ignition systems â€” there are four. These ignition systems include
conventional breaker-point ignitions, high energy electronic ignitions, distributor-less waste
spark ignition and coil-on-plug ignitions. What is the main purpose of the ignition system? A
vehicle's ignition system creates an electric spark in the engine combustion chamber that
ignites the mixture of fuel and air sitting in that chamber. What are the advantages of an
electronic ignition system? Electronic ignition systems typically have longer lifespans because
they don't include moving parts. These ignition systems also tend to offer better fuel economy
and less exhaust. What is an automotive ignition system? An automotive ignition system is
what fires up the fuel and air to kickstart your car's engine. It's what "turns on" your vehicle and
gets it running. What is an electronic ignition system? The electronic ignition system is a type
of ignition system that uses electronic circuits. Lots More Information. Related Content " ". How
Fuel Cells Work. Did airbags make cars deadlier when they were introduced? How DUI Works.
And also you can download the free PDF file of this article at the end. The ignition system is one
of the most important systems used in the I. C engines. The spark-ignition engine requires
some device to ignite the compressed air-fuel mixture. The ignition takes place inside the
cylinder at the end of the compression stroke, the ignition system serves this purpose. It gives
the spark to ignite the air-fuel mixture at the correct time. Read our full article on I. Both the
ignition system is based on the principle of common electromagnetic induction. The battery
ignition system is mostly used in passenger cars and light trucks. In the battery ignition system,
the current in the primary winding is supplied by the battery. In the magneto to the ignition
system, the magneto produces and supplies the current in the primary winding. Some system
uses transistors to reduce the load on the distributor contact points. Other systems use a
combination of transistors and magnetic pickup in the distributor. Compression ignition engine
does not have such an ignition system. In a compression ignition engine, only air is
compressed in the cylinder. And at the end of the compression stroke, the fuel is injected which
catch fire due to the high temperature and pressure of the compressed air. The ignition system
supplied high voltage surges of current as high as 30, to volts the spark plug. These surges
produce the electric sparks at the spark plug gap. Spark ignite to set fire to the compressed
air-fuel mixture in the combustion chamber. At high speed or during part throttle operation, the
spark is advanced. So that it occurs somewhat earlier in the cycle, the mixture thus has time to
burn and deliver its power. It should be simple to maintain, light, and compact. The figure
shows the battery ignition system for a 4 cylinder engine. A battery of 12 volts is generally
employed. The first circuit has the battery, primary winding of the ignition coil, condenser , and
the contact breaker from the primary circuit. Whereas the secondary winding of the ignition coil,
distributor, and the spark plugs forms the secondary circuits. The value of the voltage depends
upon the number of turns in each coil. The high voltage 10, to 20, volts then passes to a
distributor. It consists of the spark plug of the cylinder in rotation depending upon the firing
order of the engine. This causing a high-intensity spark jumps across the gap. Thereby ignition
of the air-fuel mixture takes place in all the cylinders. The battery ignition system has massive
use in cars, light trucks, buses, etc. The magneto ignition system has the same principle of
working like that of the battery ignition system. In this, no battery is required, as the magneto
acts as its own generator. It consists of either rotating magnets in fixed coils, or rotating coils in
fixed magnets. The current produced by the magneto is made to flow to the induction coil which
works in the same as that of the battery ignition system. This high voltage current is then made
to flow to the distributor which connects the sparking plugs in rotation depending upon the
firing order of the engine. This type of ignition system is used small spark-ignition engines for
example Scooters, Motorcycles and small motorboat engines. The conventional
electro-mechanical ignition system uses mechanical contact breakers. Though it is very simple,
it suffers from certain limitations as follows. To overcome the above drawbacks, in the modern

automobiles, electronic ignition systems are used. This electronic ignition system has its best
performance at all varying conditions and speed, unlike electro-mechanical systems. The
electro ignition system consists of transistors, capacitors , diodes, and resistors. These acts as
heavy-duty switches in controlling the primary current for the high voltage ignition coil. So now,
we hope that we have clear all your doubts about the Working of the Ignition System. We have
also a Facebook community for you guys. If you like our article then please share it with your
friends. If you have any questions about any topic you can ask in the comment section. Email
Address. Download PDF. Sign in. Log into your account. Forgot your password? Privacy Policy.
Password recovery. Recover your password. The Engineers Post. By Saif M. On: October 23,
Ignition System Contents show. Ignition System. Types of Ignition System. Ignition System
parts. An Ignition in The Vehicle. Battery Ignition System. Magneto Ignition System. Electronic
Ignition System. The contact breaker points handle the heavy current. This resulting in burn out
of contact points. Thus it requires periodical servicing and settings. Email Address Subscribe.
Tags automobile engg Ignition system. Saif M Saif M. He completed his engineering studies in
and is currently working in a large firm as Mechanical Engineer. He is also an author and editor
at theengineerspost. Automobile engg. In this article, you'll learn what is power steering
system? Read more. Braking System: How They Work? In this article, you'll learn what is
braking systems, different types of braking system? Tires and Types There are so many
different types of tires available with different tire categories that it can be a little difficult.
Knowing the Your engine is like a big pump. It pumps air and gas in, then pumps exhaust out.
The byproduct is a lot of energy that is sent to your wheels and exhaust out the tailpipe. That's
the basic of all basic descriptions. A little detail helps complete the picture. Your engine mixes
air and fuel, then adds a spark to make the explosion. This ignition takes place thanks to a
group of components working together, otherwise known as the ignition system. The ignition
system consists of an ignition coil, distributor, distributor cap, rotor, plug wires and spark
plugs. Older systems used a points-and-condenser system in the distributor, newer as in most
we'll ever see anymore use an ECU, a little brain in a box, to control the spark and make slight
changes in ignition timing. The ignition coil is the unit that takes your relatively weak battery
power and turns it into a spark powerful enough to ignite fuel vapor. These coils are called
windings. One winding is called the primary winding, the other is the secondary. The primary
winding gets the juice together to make a spark and the secondary sends it out the door to the
distributor. You'll see three contacts on an ignition coil unless it has an external plug, in which
case the contacts are hidden inside the case. The large contact in the middle is where the coil
wire goes the wire that links the coil to the distributor cap. The third contact communicates
information to the rest of the car, like the tachometer. You can test your ignition coil right on the
car in many cases. Once the coil generates that very powerful spark, it needs to send it
someplace. That someplace takes the spark and sends it out to the spark plugs, and that
someplace is the distributor. The distributor is basically a very precise spinner. As it spins, it
distributes the sparks to the individual spark plugs at exactly the right time. It distributes the
sparks by taking the powerful spark that came in via the coil wire and sending it through a
spinning electrical contact known as the rotor. The rotor spins because it's connected directly
to the shaft of the distributor. As the rotor spins, it makes contact with a number of points 4, 6, 8
or 12 depending on how many cylinders your engine has and sends the spark through that
point to the plug wire on the other end. Modern distributors have electronic assistance that can
do things like alter the ignition timing. This is done through the spark plug wires. Each contact
point on the distributor cap is connected to a plug wire that takes the spark to the spark plug.
The spark plugs are screwed into the cylinder head, which means that the end of the plug is
sitting at the top of the cylinder where the action happens. At just the right time thanks to the
distributor , when the intake valves have let the right amount of fuel vapor and air into the
cylinder, the spark plug makes a nice, blue, hot spark that ignites the mixture and creates
combustion. At this point, the ignition system has done its job, a job it can do thousands of
times per minute. In the old days, a distributor relied on a lot of its own "mechanical intuition" to
keep the spark timed perfectly. It did this through a setup called a points-and-condenser
system. Ignition points were set to a specific gap that created an optimal spark while the
condenser regulated. These days this is all handled by computers. The computer that directly
regulates your ignition system is called the ignition module, or ignition control module. There is
no maintenance or repair procedure for the module aside from replacement. Matthew Wright.
Matthew Wright has been a freelance writer and editor for over 10 years and an automotive
repair professional for three decades specializing in European vintage vehicles. Updated
January 29, Although almost every major component of a car has undergone improvements
through the years, the basic principles of the ignition system have not changed in nearly a
century. This combustion generates the energy needed to run your car. That said, the method

by which the spark is created and distributed has greatly improved thanks to technological
advancements. Currently, there are four types of ignition systems used in most cars and trucks,
by order of invention: conventional breaker-point mechanical ignitions, high energy electronic
ignitions, distributor-less waste spark ignition and coil-on-plug ignitions. Breaker-point
mechanical ignitions and high energy electronic ignitions are both distributor-based ignition, so
another way to categorize is by three broader types of ignition system: distributor-based,
distributorless and coil-on-plug systems. Have you ever wondered about the whole process that
happens behind such a simple action? To generate such combustion, the ignition system plays
a major role: your spark plugs supply the electrical spark that ignites the air and fuel mixture
that is fed into the combustion chamber. For the ignition system to operate properly, it must be
able to accomplish two tasks effectively and accurately at the same time. To achieve such a
huge surge in voltage, the ignition systems in all cars, except diesel-powered models, use an
ignition coil consisting of two coils of wire wrapped around an iron core, known as the primary
winding and the secondary winding. The ignition coil acts as an electrical power transformer.
The goal of the ignition coil is to create an electromagnet by running the 12 volts supplied by
the battery through the primary winding. As it does, the secondary winding captures the
collapsing magnetic field from the primary winding and converts it into 15, to 25, volts. In order
for the necessary spark to occur, the converted voltage delivered to the spark plug must be in
the range of 20, and 50, volts. In other words, the sufficient voltage must be delivered to the
correct cylinder at the precise time and this must be done frequently. All components to work
precisely and harmoniously for your engine to achieve optimal performance. Even the slightest
error in timing in any single part will result in engine performance issues, and if prolonged,
might even cause permanent damage. The ignition system must provide sufficient spark at the
right cylinder. In order to ensure accurate spark timing, engineers have used several methods,
which have evolved over the years. The early ignition systems used fully mechanical
distributors to control spark timing, followed by hybrid distributors equipped with solid-state
switches and the engine control module ECM , essentially a type of simple-process computer,
to distribute the electrical power to each individual cylinder. What came after to counter the
disadvantages of these early distributors was percent electronic ignition systems, the first of
which was a distributor-less ignition system, where the distributor was eliminated altogether.
The latest invention, coil-on-plug ignition systems, was able to significantly improve spark
timing by using improved ignition coils that pack a much bigger wallop and generate a much
hotter spark. When the engine is running, it also runs the alternator which generates electricity
to recharge the battery. The battery in your car stores electricity and dissipates it as direct
current. The battery supplies twelve volts of direct current. However, in order to achieve a spark
for combustion to occur, there needs to be between 20, to 50, volts at the spark plug. To enable
such a considerable increase in voltage, you need the ignition coil. The earliest mechanical
ignition systems rely on one coil to convert the low voltage from the battery to the high voltage
needed by the spark plugs. In a traditional transformer, the primary coil receives power, that is
direct current from the batteries. However, this charge through the primary coil is periodically
disrupted. This disruption is caused by the distributor in the early distributor-based ignition
systems, and by a computer to achieve more precise timing in later ignition systems. The
voltage in the primary coil produces a magnetic field. The periodical disruption to the current
that the primary coil receives causes the magnetic field produced by the primary coil to
constantly collapse. How high the voltage created by the secondary coil is depends on the ratio
of the number of turns in the primary coil to the number of turns in the secondary coil. If the
secondary coil has twice as many turns as the primary coil, the output voltage will be twice the
input voltage. This point is connected to the ground by a lever. The lever gets moved by a cam
connected to the distributor shaft. That opens the primary coil circuit and causes the collapse
that triggers the high voltage bursts in the secondary coil. In addition, while the battery and
ignition coil provide the power, the distributor does an important job, that determining precisely
where and when that power goes to each spark plug. Electric current from the ignition coil is
supplied to the rotor. The rotor spins and when the end of the rotor approaches one of the
contacts, electricity arcs to that contact. From there, the power travels down a spark plug wire
to the associated spark plug, thus timing the charge to each spark plug. The spark plug wires,
also called ignition wires, are insulated wires that carry the power to the spark plugs so that the
spark plugs can finally create the spark that causes combustion. The spark plug consists of an
insulated ceramic body with a conductive metal central core at the center. There is a gap
between this metal central core and the tip of the electrode that grounds to the metal base of the
spark plug. Electricity arcs or jumps across that gap, causing the spark. The takeaway is that
without the ignition system working properly and precisely, your car may have troubles starting
or may not run at all. Also note that these engine problems caused by faulty ignition systems

can damage other critical components in your vehicle. Then how regular is enough? At least
once a year, you must perform a visual inspection of your ignition system components to check
for signs of wear or failure, then replace them at once if required. The oldest type of ignition
system is the conventional breaker-point ignition system, which sometimes is also called
mechanical ignition systems. It has been used since the early days of the automobile industry,
especially through the s. It is one of the two types of ignition systems that use a distributor,
called distributor-based systems. Unlike the other three types of ignition systems discussed
further below, the breaker-point ignition system is fully mechanical in nature, hence its second
name. You should grasp a firm understanding of how this system works, to see the pros and
cons of the later improved systems. The first two types of ignition system, breaker-point system
and electronic system, are both distributor-based, in contrast with the other two distributor-less
systems. A distributor is an enclosed rotating shaft that has mechanically timed ignition. In the
fully mechanical distributor, the distributor connects to the camshaft with gears and gets spun
by the camshaft. Inside, the multi-sided cam on the distributor shaft moves other distributor
parts , essentially acting like a mechanical switch that starts and stops the flow of power to the
ignition coil. Once the coil generates enough voltage, it travels to the top of the coil and into the
top of the distributor cap. There, a rotating disc attached to the distributor shaft distributes the
electric current to each of the spark plug wires in order. The current travels down the spark plug
wires to the spark plugs and causes ignition. A distributor-based breaker-point ignition system
has two electrical circuits, the primary and secondary circuits. An ignition coil consists of two
coils of wire wrapped around an iron core, known as the primary winding, or primary coil, and
the secondary winding, or secondary coil. Meanwhile, the secondary circuit consists of the
secondary windings in the coil, the high tension lead coil wire on external coil distributors, the
spark plugs, the spark plug leads, the distributor rotor and the distributor cap. This current flow
forms a magnetic field around the ignition coil. This breaker point is connected to the ground by
a lever, which gets moved by a cam connected to the distributor shaft. Thanks to the distributor
rotor that rotates in time with the engine, as the engine spins, the distributor shaft cam turns
until the high point on the cam causes the breaker points to separate. Instantaneously, this
sudden separation stops the current flow through the primary coil. This causes the magnetic
field produced by the primary coil to collapse around the coil. The condenser absorbs the
energy and prevents electric arcing between the breaker points each time they separate. Thus in
other words, the condenser plays a role in the rapid collapse of the magnetic field, which is
required to create a high voltage surge in the secondary coil. Assuming the whole system is
properly timed, the spark reaches the air-fuel mixture in the designated cylinder at the accurate
moment and a combustion is born in that cylinder. As the distributor continues to rotate in time
with the engine, electrical contacts between the rotor and distributor cap terminal are
interrupted, stopping the current flow to the secondary coil. At the same time, the breaker
points close again, making the primary circuit complete, allowing the current to flow again
through the primary coil. This current will again create a magnetic field around the primary coil,
which will be made to collapse again, and the cycle is repeated for the next cylinder in the firing
order. It should be noted that in breaker-point systems and the later electronic systems, a single
coil, which consists of a primary winding and secondary winding, power all the cylinders. After
the fully mechanical breaker-point ignition systems had been around for more than 70 years, the
automotive industry was facing the demand for higher mileage, greater reliability and reduced
emissions. Manufacturers came up with a high energy ignition system that relied less on
mechanical workings: the electronic ignition system. To deal with this shortcoming, the later
electronic ignition system still has a distributor, but the breaker points and the condenser have
been replaced with a pickup coil that acts as a transistorized switch , and an electronic control
module that controls the ignition coil to generate high-voltage current. Compared to the earlier
breaker-point ignition system, the use of such an electronic switch for controlled timing means
there are fewer moving parts, making these electronic ignition systems relatively easy to
diagnose and repair. They also improve upon the disadvantage of the breaker-point system by
creating a consistent, high voltage spark throughout the life of the engine, meaning fewer
engine misfires and reasonable emissions. These electronic systems still use a conventional
distributor cap and distributor rotor to perform the same job of distributing current to the spark
plugs thus they are also distributor-based ignition systems. Despite having fewer moving parts,
the distributor is also exposed to wear and tear and will eventually require replacement â€”
which prompted further improvements in later ignition systems in this regard. Another limitation
of electronic ignition systems is that the ignition timing is yet to be precisely controlled as
manufacturers desired, resulting in sluggish acceleration and poor fuel efficiency. Like early
breaker-point ignition systems, electronic systems have two ignition coils and accordingly two
circuits, a primary circuit and a secondary circuit. The part of the primary circuit from the

battery to the battery terminal at the primary coil stays unchanged, as well as the entire
secondary circuit. When the ignition switch is turned on, battery low-voltage current runs from
the battery through the ignition switch to the primary coil. As each tooth of the armature
approaches the pickup coil, it creates a voltage that signals the electronic module to turn off
current flow through the primary coil. In essence, this mechanism is quite similar to that in
breaker-point systems. When the current is disrupted, the magnetic field around the primary
coil collapses, creating a high voltage spurt in the secondary coil. The electric current now
operates on the secondary circuit, which is the same as in a breaker-point system. A
shortcoming of the electronic ignition systems is that they still have the distributor, which is
subject to wear and tear. In addition, the distributor tends to accumulate moisture and cause
difficult starting problems. The distributor also requires engine power to spin, as it gets spun in
time with the engine, thus no distributor means less engine drag and increased efficiency.
Doing so increased reliability, but the solid-state switches still took their marching orders from
the distributor shaft, which was still mechanically rotated by the camshaft. And distributor
shafts are subject to wear and tear, and would tend to develop problems after some , miles.
These systems are very different from breaker-point and electronic ignition systems, The
ignition coils now sit directly on top of the spark plugs, spark plug wires are eliminated, and the
system is fully electronic. The third types of ignition system is the distributor-less, also called
waste spark ignition system. Instead of a conventional trouble-breeding distributor, this system
uses multiple ignition coils: one coil per cylinder or one for each pair of cylinders. Spark plug
timing is controlled by an electronic ignition module and the engine computer. T his system
uses engine sensors to determine crankshaft position and camshaft position. These sensors
continually monitor the positions of both shafts and deliver that information to the engine
computer. The Crankshaft Position Sensor is mounted at the front of the crankshaft, or near the
flywheel on some vehicles, and the Camshaft Position S ensor is mounted near the end of the
camshaft. Another major difference compared to its predecessor is that while earlier systems
uses a single coil, which consists of a primary winding and a secondary winding, to power all
the cylinders in a particular order, distributor-less ignition systems employ a different coil
setup. It uses multiple ignition coil packs, each generating spark for just two cylinders, which
means each coil can be turned on for longer. Therefore, this soil setup is capable of developing
a stronger magnetic field of up to 30, volts, as well as stronger, hotter spark required to ignite
the typical leaner air-fuel mixtures of more modern vehicles. Each of the spark plugs in these
cylinders will fire at the same time using the high voltage from one coil. This allows for more
precise ignition timing, thus higher engine efficiency and lower emissions. The coil-on-plug
ignition system has all the advantageous electronic controls developed in the distributor-less
systems. Also, like the distributor-less system, the coil-on-plug system places an ignition coil
directly on the top of each spark plug to fire the spark plug directly, hence the name. Because
each spark plug now has its own dedicated coil that sits right on top for direct firing,
high-voltage spark plug wires are completely removed. Another major improvement here is
instead of two cylinders sharing a single coil, each coil now services just one cylinder. Now
there are no breaker points, distributors, condensers and spark plug wires. No moving parts
means coil-on-plug ignition systems are less likely to break down, are more reliable and
command less frequent repair. On the downside, it should be noted that the lack of moving
parts can make it more difficult to diagnose and more expensive to repair than a traditional
system once there is indeed a problem, but as said, repairs are less frequent. It should also be
noted that the ignition coils are now sitting on top of the spark plugs, thus more exposed to
damage by degreasers and water during under-hood engine cleaning, so be sure each is
wrapped in plastic for protection before any cleaning begins. Based on this information, the
Engine Control Unit triggers the appropriate ignition coil, which directly fires the associated
spark plugs in the associated cylinder in the firing order. Ignition systems will continue to
improve with features that today are unimaginable as technology advancements lead to
continued improvements. Even as they do, all the four types of ignition system are still easy to
maintain and repair, and well-suited for the vehicles of their own era. To learn more about
important components in your precious vehicle and how they work, dive into our
comprehensive maintenance tips articles. Tsukasa Azuma is an awesome car blogger of Car
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password. A password will be e-mailed to you. An ignition system generates a spark or heats an
electrode to a high temperature to ignite a fuel-air mixture in spark ignition internal combustion
engines , oil-fired and gas-fired boilers , rocket engines , etc. The widest application for spark
ignition internal combustion engines is in petrol gasoline road vehicles such as cars and
motorcycles. Compression ignition Diesel engines ignite the fuel-air mixture by the heat of
compression and do not need a spark. They usually have glowplugs that preheat the
combustion chamber to allow starting in cold weather. Other engines may use a flame, or a
heated tube, for ignition. While this was common for very early engines it is now rare. The first
electric spark ignition was probably Alessandro Volta 's toy electric pistol from the s. Siegfried
Marcus patented his "Electrical igniting device for gas engines" on 7 October The simplest form
of spark ignition is that using a magneto. The engine spins a magnet inside a coil, or, in the
earlier designs, a coil inside a fixed magnet, 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 from the magneto output. Early magnetos had one coil, with the
contact breaker sparking plug inside the combustion chamber. In about , Bosch introduced a
double-coil magneto, with a fixed sparking plug, and the contact breaker outside the cylinder.
Magnetos are not used in modern cars, but because they generate their own electricity they are
often found on small engines such as those found in mopeds , lawnmowers , snowblowers ,
chainsaws , etc. They are also used on piston-engined aircraft engines. Although an electrical
supply is available, magneto systems are used mainly because of their higher reliability.
Magnetos were used on the small engine's ancestor, the stationary "hit and miss" engine which
was used in the early twentieth century, on older gasoline or distillate farm tractors before
battery starting and lighting became common, and on aircraft piston engines. Magnetos were
used in these engines because their simplicity and self-contained operation was more reliable,
and because magnetos weighed less than having a battery and dynamo or alternator. Aircraft
engines usually have dual magnetos to provide redundancy in the event of a failure, and to
increase efficiency by thoroughly and quickly burning the fuel air mix from both sides towards
the center. The Wright brothers used a magneto invented in and built for them in by Dayton,
Ohio inventor, Vincent Groby Apple. This gave the benefits of easy starting from the battery
system with reliable sparking at speed from the magneto. Many modern magneto systems
except for small engines have removed the second high voltage coil from the magneto itself and
placed it in an external coil assembly similar to the ignition coil described below. In this
development, the induced current in the coil in the magneto also flows through the primary of
the external coil, generating a high voltage in the secondary as a result. Such a system is
referred to as an 'energy transfer system'. Energy transfer systems provide the ultimate in
ignition reliability. The output of a magneto depends on the speed of the engine, and therefore
starting can be problematic. Some magnetos include an impulse system, which spins the
magnet quickly at the proper moment, making easier starting at slow cranking speeds. Some
engines, such as aircraft but also the Ford Model T , used a system which relied on non
rechargeable dry cells , similar to a large flashlight battery, and which was not maintained by a
charging system as on modern automobiles to start the engine or for starting and running at
low speed. The operator would manually switch the ignition over to magneto operation for high
speed operation. To provide high voltage for the spark from the low voltage batteries, a 'tickler'
was used, which was essentially a larger version of the once widespread electric buzzer. With
this apparatus, the direct current passes through an electromagnetic coil which pulls open a
pair of contact points, interrupting the current; the magnetic field collapses, the spring-loaded
points close again, the circuit is reestablished, and the cycle repeats rapidly. In this mode of
operation, the coil would "buzz" continuously, producing a constant train of sparks. The entire
apparatus was known as the 'Model T spark coil' in contrast to the modern ignition coil which is
only the actual coil component of the system. Long after the demise of the Model T as
transportation they remained a popular self-contained source of high voltage for electrical home
experimenters, appearing in articles in magazines such as Popular Mechanics and projects for
school science fairs as late as the early s. In the UK these devices were commonly known as
trembler coils and were popular in cars pre, and also in commercial vehicles with large engines
until around to ease starting. The Model T magneto built into the flywheel differed from modern
implementations by not providing high voltage directly at the output; the maximum voltage
produced was about 30 volts, and therefore also had to be run through the spark coil to provide
high enough voltage for ignition, as described above, although the coil would not "buzz"
continuously in this case, only going through one cycle per spark. In either case, the low
voltage was switched to the appropriate spark plug by the timer mounted on the front of the

engine. This performed the equivalent function to the modern distributor , although by directing
the low voltage, not the high voltage as for the distributor. The ignition timing was adjustable by
rotating this mechanism through a lever mounted on the steering column. As the precise timing
of the spark depends on both the 'timer' and the trembler contacts within the coil, this is less
consistent than the breaker points of the later distributor. However, for the low speed and the
low compression of such early engines, this imprecise timing was acceptable. With the
universal adoption of electrical starting for automobiles, and the availability of a large battery to
provide a constant source of electricity, magneto systems were abandoned for systems which
interrupted current at battery voltage, using an ignition coil to step the voltage up to the needs
of the ignition, and a distributor to route the ensuing pulse to the correct spark plug at the
correct time. A trembler coil was a battery-powered induction coil ; the trembler interrupted the
current through the coil and caused a quick series of sparks during each firing. The trembler
coil would be energized at an appropriate point in the engine cycle. In the Model T, the
four-cylinder engine had a trembler coil for each cylinder; a commutator timer case delivered
power to the trembler coils. The Model T would be started on battery but then switched to an
alternator. An improved ignition system was developed by the Dayton Engineering Laboratories
Co. Delco and introduced in the Cadillac. This ignition was developed by Charles Kettering and
was a wonder in its day. It consisted of a single ignition coil, breaker points the switch , a
capacitor to prevent the points from arcing at break and a distributor to direct the electricity
from the ignition coil to the correct cylinder. The points allow the coil magnetic field to build.
When the points open by a cam arrangement, the magnetic field collapses inducing an EMF in
the primary that is much larger than the battery voltage and the transformer action produces a
large output voltage 20 kV or greater from the secondary. The capacitor suppresses arcing at
the points when they open; without the capacitor, the energy stored in the coil would be
expended at an arc across the points rather than at the spark plug gap. The Kettering system
became the primary ignition system for many years in the automotive industry due to its lower
cost, and relative simplicity. The ignition system is typically controlled by a key operated
Ignition switch. Most four-stroke engines have used a mechanically timed electrical ignition
system. The heart of the system is the distributor. The distributor contains a rotating cam driven
by the engine's drive, a set of breaker points, a condenser, a rotor and a distributor cap.
External to the distributor is the ignition coil, the spark plugs and wires linking the distributor to
the spark plugs and ignition coil. The system is powered by a lead-acid battery , which is
charged by the car's electrical system using a dynamo or alternator. The engine operates
contact breaker points, which interrupt the current to an induction coil known as the ignition
coil. The ignition coil consists of two transformer windings â€” the primary and secondary.
These windings share a common magnetic core. An alternating current in the primary induces
an alternating magnetic field in the core and hence an alternating current in the secondary. The
ignition coil's secondary has more turns than the primary. This is a step-up transformer, which
produces a high voltage from the secondary winding. The primary winding is connected to the
battery usually through a current-limiting ballast resistor. Inside the ignition coil one end of
each winding is connected together. The other, high voltage, end of the secondary is connected
to the distributor's rotor. The ignition firing sequence begins with the points or contact breaker
closed. A steady current flows from the battery, through the current-limiting resistor, through
the primary coil, through the closed breaker points and finally back to the battery. This current
produces a magnetic field within the coil's core. This magnetic field forms the energy reservoir
that will be used to drive the ignition spark. As the engine crankshaft turns, it also turns the
distributor shaft at half the speed. In a four-stroke engine, the crankshaft turns twice for the
ignition cycle. A multi-lobed cam is attached to the distributor shaft; there is one lobe for each
engine cylinder. A spring-loaded rubbing block follows the lobed portions of the cam contour
and controls the opening and closing of points. During most of the cycle, the rubbing block
keeps the points closed to allow a current to build in the ignition coil's primary winding. As a
piston reaches the top of the engine's compression cycle, the cam's lobe is high enough to
cause the breaker points to open. Opening the points causes the current through the primary
coil to stop. Without the steady current through the primary, the magnetic field generated in the
coil immediately collapses. This high rate of change of magnetic flux induces a high voltage in
the coil's secondary windings that ultimately causes the spark plug's gap to arc and ignite the
fuel. The spark generation story is a little more complicated. The purpose of the ignition coil is
to make a spark that jumps the spark plug's gap, which might be 0. At the moment the points
open, there is a much smaller gap, say about 0. Something must be done to prevent the points
from arcing as they separate; if the points arc, then they will drain the magnetic energy that was
intended for the spark plug. The capacitor condenser performs that task. The capacitor
temporarily keeps the primary current flowing so the voltage across the points is below the

point's arcing voltage. There is a race: the voltage across the points is increasing as the
primary current charges the capacitor, but at the same time the points' separation and
consequent arcing voltage is increasing. Ultimately, the point separation will increase to
something such as 0. In addition to staying below the arcing voltage, the ignition system keep
the voltage across the points below the breakdown voltage for an air gap to prevent a glow
discharge across the points. Such a glow discharge would quickly transition to an arc, and the
arc would prevent the spark plug from firing. Keeping the points from arcing when they
separate is the reason the ignition coil includes a secondary winding rather than using just a
simple inductor. The ignition coil's high voltage output is connected to the rotor that sits on top
of the distributor shaft. Surrounding the rotor is the distributor cap. The arrangement
sequentially directs the output of the secondary winding to the appropriate spark plugs. The
high voltage from the coil's secondary typically 20, to 50, volts causes a spark to form across
the gap of the spark plug that in turn ignites the compressed air-fuel mixture within the engine.
It is the creation of this spark which consumes the energy that was stored in the ignition coil's
magnetic field. Some two-cylinder motorcycles and motor scooters had two contact points
feeding twin coils each connected directly to one of the two sparking plugs without a
distributor; e. High performance engines with eight or more cylinders that operate at high r. This
problem is overcome by using either of these adaptations:. A distributor-based system is not
greatly different from a magneto system except that more separate elements are involved. There
are also advantages to this arrangement. For example, the position of the contact breaker
points relative to the engine angle can be changed a small amount dynamically, allowing the
ignition timing to be automatically advanced with increasing revolutions per minute RPM or
increased manifold vacuum , giving better efficiency and performance. However it is necessary
to check periodically the maximum opening gap of the breaker s , using a feeler gauge, since
this mechanical adjustment affects the "dwell" time during which the coil charges, and breakers
should be re-dressed or replaced when they have become pitted by electric arcing. This system
was used almost universally until the , when electronic ignition systems started to appear. The
disadvantage of the mechanical system is the use of breaker points to interrupt the low-voltage
high-current through the primary winding of the coil; the points are subject to mechanical wear
where they ride the cam to open and shut, as well as oxidation and burning at the contact
surfaces from the constant sparking. They require regular adjustment to compensate for wear,
and the opening of the contact breakers, which is responsible for spark timing, is subject to
mechanical variations. In addition, the spark voltage is also dependent on contact effectiveness,
and poor sparking can lead to lower engine efficiency. A mechanical contact breaker system
cannot control an average ignition current of more than about 3 A while still giving a reasonable
service life, and this may limit the power of the spark and ultimate engine speed. Electronic
ignition EI solves these problems. In the initial systems, points were still used but they handled
only a low current which was used to control the high primary current through a solid state
switching system. Soon, however, even these contact breaker points were replaced by an
angular sensor of some kind - either optical , where a vaned rotor breaks a light beam, or more
commonly using a Hall effect sensor , which responds to a rotating magnet mounted on the
distributor shaft. The sensor output is shaped and processed by suitable circuitry, then used to
trigger a switching device such as a thyristor , which switches a large current through the coil.
The first electronic ignition a cold cathode type was tested in by Delco-Remy , [4] while Lucas
introduced a transistorized ignition in , which was used on BRM and Coventry Climax Formula
One engines in Ford fitted a FORD designed breakerless system on the Lotus 25s entered at
Indianapolis the next year, ran a fleet test in , and began offering optional EI on some models in
Robert C. Beginning in , Earl W. Prest-O-Lite 's CD, which relied on capacitance discharge CD ,
appeared in , and had "an unprecedented 50, mile warranty. In , Prest-O-Lite made a "Black
Box" ignition amplifier, intended to take the load off the distributor's breaker points during high
rpm runs, which was used by Dodge and Plymouth on their factory Super Stock Coronet and
Belvedere drag racers. The lack of moving parts compared with the mechanical system leads to
greater reliability and longer service intervals. Chrysler introduced breakerless ignition in mid
as an option for its V8 and the Street Hemi. Breakerless ignition was standardised across the
model range for For older cars, it is usually possible to retrofit an EI system in place of the
mechanical one. In some cases, a modern distributor will fit into the older engine with no other
modifications, like the H. Other innovations are currently available on various cars. In some
models, rather than one central coil, there are individual coils on each spark plug, sometimes
known as direct ignition or coil on plug COP. This allows the coil a longer time to accumulate a
charge between sparks, and therefore a higher energy spark. At the turn of the 21st century
digital electronic ignition modules became available for small engines on such applications as
chainsaws , string trimmers , leaf blowers , and lawn mowers. This was made possible by low

cost, high speed, and small footprint microcontrollers. Digital electronic ignition modules can
be designed as either capacitor discharge ignition CDI or inductive discharge ignition IDI
systems. Capacitive discharge digital ignitions store charged energy for the spark in a capacitor
within the module that can be released to the spark plug at virtually any time throughout the
engine cycle via a control signal from the microprocessor. This allows for greater timing
flexibility, and engine performance; especially when designed hand-in-hand with the engine
carburetor. Primary sensors on the system are crankshaft angle crankshaft or TDC position ,
airflow into the engine and throttle 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 an analogue computer to accomplish this, but as
embedded systems dropped in price and became fast enough to keep up with the changing
inputs at high revolutions, digital systems started to appear. Some designs using an EMS retain
the original ignition coil, distributor and high-tension leads found on cars throughout history.
Other systems dispense with the distributor altogether and have individual coils mounted
directly atop each spark plug. This removes the need for both distributor and high-tension
leads, which reduces maintenance and increases long-term reliability. Modern EMSs read in
data from various sensors about the crankshaft position, intake manifold temperature, intake
manifold pressure or intake air volume , throttle position, fuel mixture via the oxygen sensor,
detonation via a knock sensor, and exhaust gas temperature sensors. The EMS then uses the
collected data to precisely determine how much fuel to deliver and when and how far to
advance the ignition timing. With electronic ignition systems, individual cylinders [ citation
needed ] can have their own individual timing so that timing can be as aggressive as possible
per cylinder without fuel detonation. As a result, sophisticated electronic ignition systems can
be both more fuel efficient, and produce better performance over their counterparts. Gas turbine
engines, including jet engines , have a CDI system using one or more ignitor plugs, which are
only used at startup or in case the combustor s flame goes out. Rocket engine ignition systems
are especially critical. If prompt ignition does not occur, the combustion chamber can fill with
excess fuel and oxidiser and significant overpressure can occur a " hard start " or even an
explosion. Rockets often employ pyrotechnic devices that place flames across the face of the
injector plate, or, alternatively, hypergolic propellants that ignite spontaneously on contact with
each other. The latter types of engines do away with ignition systems entirely and cannot
experience hard starts, but the propellants are highly toxic and corrosive. From Wikipedia, the
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engines Ignition System with distributor type ignition systems can seem complex, but once
simplified can be diagnosed with ease. Using the Diagram provided above you can see there are
several different components. The most common component is the spark plug. If you do not
have spark at the spark plug then you can backtrack from there. Use a new spark plug or spark
tester to test for spark coming from the plug wire, if you do not see spark here, test for spark
coming from the coil wire to the distributor. If these test ok, move on and look at the distributor
cap and rotor for corrosion or damage. If these look ok, then you most likely have a failed

ignition module. The ignition module is located under the distributor cap on GM vehicles and
external on most other vehicles. Ignition module failure is the most common no spark symptom
outside normal tune up maintenance. An ignition system is for igniting a fuel-air mixture. It is
best known in the field of internal combustion engines Most four-stroke engines have used a
mechanically timed electrical ignition system. The heart of the system is the distributor. The
distributor contains a rotating cam running off the engine's drive, a set of breaker points, a
condenser, a rotor and a distributor cap. External to the distributor is the ignition coil, the spark
plugs, and wires linking the spark plugs and ignition coil to the distributor. The specific circuit
needs to be respectively learned referring to different typical control circuits. The main function
of car starting circuit is using the small current from the car battery to control the large current
of the car starting circuit, thus to start the starter motor and power the engine. There are three
main components in the switch starting circuit: ignition switch , starter solenoid , starter relay.
Usually, the ignition switch connects with a key or a button, and inside of it has the regular wire
connects to the car battery. When the ignition switch is turned or pressed the button to start
position, there will be a small current flow through the starter solenoid coil, allow sufficient
current flow to the starter. Expect to take part in starting control circuit, the ignition switch also
has other functions, such as lock the steering wheel, connected to car electrical system, and
connected to the vehicle computer fault diagnosis. The starter solenoid is the main part of the
control starter circuit, including the with relay type and non-relay type. The solenoid switch is
composed of a solenoid, which is an electromagnetic device that produces the attraction or
retention of the moving core. Most of the starter solenoid is fixed directly to the top of the
starter. The starter relay is another switch that is used to control the starting circuit. In the start
control circuit, the relay is connected in series with the battery to shorten the transmission of
the large current cable length. In mini cars equipped with small power starter, the ignition
switch start position is used to control the starter solenoid switch directly, as shown in the
picture below. When large power starter is equipped, in order to reduce intensity of the current
that passes through the ignition switch and avoid ablation of the switch, the start relay is often
used to control the heavy current of the starter solenoid switch, and the ignition switch Start
position is used to control the low current of the relay coil. The single relay controlled starter
solenoid wiring diagram is as shown in the following picture. The automatic transmission
equips with neutral starting switch, which is in series connection to the bonding terminal of the
start relay coil. Neutral starting switch is on only in the case that the automatic transmission
gear lever is in parking position P and neutral position N. In other gears, the switch is in an off
state, so as to avoid damages to machine parts caused by misoperation. To ensure that the
starter can stall automatically and the starter circuit not connected after the engine starts, some
cars adopt the compound relay circuit with safety driving protection. Before the engine starts,
the alternator does not generate electricity, the voltage of the neutral tap N binding post is zero,
no current passes through the charge light relay, Starter relay coil and charging indicator relay
contacts are connected to ground. After the engine starts, the neutral tap N terminal post of the
car alternator outputs proper voltage, which acts on the charge light relay coil and cut-off the
current of the starter relay. At this point, even if the ignition switch key not loosened timely, or
the key is incorrectly rotated to the ST position again, the starter will not operate. Ignition
Switch Usually, the ignition switch connects with a key or a button, and inside of it has the
regular wire connects to the car battery. Starter Solenoid The starter solenoid is the main part of
the control starter circuit, including the with relay type and non-relay type. Starter Relay The
starter relay is another switch that is used to control the starting circuit. Car Starter Wiring
Diagram â€” Non-Relay Control Type In mini cars equipped with small power starter, the ignition
switch start position is used to control the starter solenoid switch directly, as shown in the
picture below. When the ignition switch key turned to the Start position ST , the starter will start.
About Us. Contact Info. Contact Form. Thank You For Your Inquiry. The purpose of the ignition
system is to create a spark that will ignite the fuel-air mixture in the cylinder of an engine. It
must do this at exactly the right instant and do it at the rate of up to several thousand times per
minute for each cylinder in the engine. If the timing of that spark is off by a small fraction of a
second, the engine will run poorly or not run at all. To learn more about how an engine works,
go to our Short Course on Automobile Engines. The ignition system sends an extremely high
voltage to the spark plug in each cylinder when the piston is at the top of its compression
stroke. The tip of each spark plug contains a gap that the voltage must jump across in order to
reach ground. That is where the spark occurs. The voltage that is available to the spark plug is
somewhere between 20, volts and 50, volts or better. The job of the ignition system is to
produce that high voltage from a 12 volt source and get it to each cylinder in a specific order, at
exactly the right time. The ignition system has two tasks to perform. Second, it must control the
timing of that the spark so it occurs at the exact right time and send it to the correct cylinder.

The ignition system is divided into two sections, the primary circuit and the secondary circuit.
The low voltage primary circuit operates at battery voltage 12 to Once the voltage is stepped up,
it goes to the secondary circuit which then directs the charge to the correct spark plug at the
right time. All automobiles work on DC, or Direct Current. This means that current moves in one
direction, from the positive battery terminal to the negative battery terminal. In the case of the
automobile, the negative battery terminal is connected by a heavy cable directly to the body and
the engine block of the vehicle. The body and any metal component in contact with it is called
the Ground. A good example to see how this works is the headlight circuit. The headlight circuit
consists of a wire that goes from the positive battery terminal to the headlight switch. Another
wire goes from the headlight switch to one of two terminals on the headlamp bulb. Finally, a
third wire goes from a second terminal on the bulb to the metal body of the car. When you
switch the headlights on, you are connecting the wire from the battery with the wire to the
headlamps allowing battery current to go directly to the headlamp bulbs. Electricity passes
through the filaments inside the bulb, then out the other wire to the metal body. From there, the
current goes back to the negative terminal of the battery completing the circuit. Once the
current is flowing through this circuit, the filament inside the headlamp gets hot and glows
brightly. Let there be light. Now, back to the ignition system. The basic principle of the electrical
spark ignition system has not changed for over 75 years. What has changed is the method by
which the spark is created and how it is distributed. Currently, there are three distinct types of
ignition systems, The Mechanical Ignition System was used prior to It was mechanical and
electrical and used no electronics. This system was always computer controlled and contained
no moving parts, so reliability was greatly improved. Most of these systems required no
maintenance except replacing the spark plugs at intervals from 60, to over , miles. The
distributor is the nerve center of the mechanical ignition system and has two tasks to perform.
First, it is responsible for triggering the ignition coil to generate a spark at the precise instant
that it is required which varies depending how fast the engine is turning and how much load it is
under. Second, the distributor is responsible for directing that spark to the proper cylinder
which is why it is called a distributor. The circuit that powers the ignition system is simple and
straight forward. Inside the coil is a series of copper windings that loop around the coil over a
hundred times before exiting out the negative - side of the coil. When the points are closed, this
current goes directly to ground. When current flows from the ignition switch, through the
windings in the coil, then to ground, it builds a strong magnetic field inside the coil. The points
are made up of a fixed contact point that is fastened to a plate inside the distributor, and a
movable contact point mounted on the end of a spring loaded arm.. The movable point rides on
a 4,6, or 8 lobe cam depending on the number of cylinders in the engine that is mounted on a
rotating shaft inside the distributor. This distributor cam rotates in time with the engine, making
one complete revolution for every two revolutions of the engine. As it rotates, the cam pushes
the points open and closed. Every time the points open, the flow of current is interrupted
through the coil, thereby collapsing the magnetic field and releasing a high voltage surge
through the secondary coil windings. This voltage surge goes out the top of the coil and
through the high-tension coil wire. Now, we have the voltage necessary to fire the spark plug,
but we still have to get it to the correct cylinder. The coil wire goes from the coil directly to the
center of the distributor cap. Under the cap is a rotor that is mounted on top of the rotating
shaft. The rotor has a metal strip on the top that is in constant contact with the center terminal
of the distributor cap. It receives the high voltage surge from the coil wire and sends it to the
other end of the rotor which rotates past each spark plug terminal inside the cap. As the rotor
turns on the shaft, it sends the voltage to the correct spark plug wire, which in turn sends it to
the spark plug. The voltage enters the spark plug at the terminal at the top and travels down the
core until it reaches the tip. It then jumps across the gap at the tip of the spark plug, creating a
spark suitable to ignite the fuel-air mixture inside that cylinder. The description I just provided is
the simplified version, but should be helpful to visualize the process, but we left out a few
things that make up this type of ignition system. There are two separate circuits that go from
the ignition switch to the coil. The other circuit sends full battery voltage to the coil. The only
time this circuit is used is during cranking. Since the starter draws a considerable amount of
current to crank the engine, additional voltage is needed to power the coil. So when the key is
turned to the spring-loaded start position, full battery voltage is used. As soon as the engine is
running, the driver releases the key to the run position which directs current through the
primary resistor to the coil. On some vehicles, the primary resistor is mounted on the firewall
and is easy to replace if it fails. On other vehicles, most notably vehicles manufactured by GM,
the primary resistor is a special resistor wire and is bundled in the wiring harness with other
wires, making it more difficult to replace, but also more durable. When you remove the
distributor cap from the top of the distributor, you will see the points and condenser. The

condenser is a simple capacitor that can store a small amount of current. When the points begin
to open, the current flowing through the points looks for an alternative path to ground. If the
condenser were not there, it would try to jump across the gap of the points as they begin to
open. If this were allowed to happen, the points would quickly burn up and you would hear
heavy static on the car radio. To prevent this, the condenser acts like a path to ground. It really
is not, but by the time the condenser is saturated, the points are too far apart for the small
amount of voltage to jump across the wide point gap. Since the arcing across the opening
points is eliminated, the points last longer and there is no static on the radio from point arcing.
The points require periodic adjustments in order to keep the engine running at peek efficiency.
This is because there is a rubbing block on the points that is in contact with the cam and this
rubbing block wears out over time changing the point gap. There are two ways that the points
can be measured to see if they need an adjustment. One way is by measuring the gap between
the open points when the rubbing block is on the high point of the cam. The other way is by
measuring the dwell electrically. The dwell is the amount, in degrees of cam rotation, that the
points stay closed. On some vehicles, points are adjusted with the engine off and the distributor
cap removed. A mechanic will loosen the fixed point and move it slightly, then retighten it in the
correct position using a feeler gauge to measure the gap. On other vehicles, most notably GM
cars, there is a window in the distributor where a mechanic can insert a tool and adjust the
points using a dwell meter while the engine is running. Measuring dwell is much more accurate
than setting the points with a feeler gauge. Points have a life expectancy of about 10, miles at
which time they have to be replaced. This is done during a routine major tune up. During the
tune up, points, condenser, and the spark plugs are replaced, the timing is set and the
carburetor is adjusted. In some cases, to keep the engine running efficiently, a minor tune up
would be performed at 5, mile increments to adjust the points and reset the timing. The ignition
coil is nothing more that an electrical transformer. It contains both primary and secondary
winding circuits. The coil primary winding contains to turns of heavy copper wire. This wire
must be insulated so that the voltage does not jump from loop to loop, shorting it out. If this
happened, it could not create the primary magnetic field that is required. The primary circuit
wire goes into the coil through the positive terminal, loops around the primary windings, then
exits through the negative terminal. The coil secondary winding circuit contains 15, to 30, turns
of fine copper wire, which also must be insulated from each other. The secondary windings sit
inside the loops of the primary windings. To further increase the coils magnetic field the
windings are wrapped around a soft iron core. To withstand the heat of the current flow, the coil
is filled with oil which helps keep it cool. The ignition coil is the heart of the ignition system. As
current flows through the coil a strong magnetic field is built up. When the current is shut off,
the collapse of this magnetic field to the secondary windings induces a high voltage which is
released through the large center terminal. This voltage is then directed to the spark plugs
through the distributor. The timing is set by loosening a hold-down screw and rotating the body
of the distributor. Since the spark is triggered at the exact instant that the points begin to open,
rotating the distributor body which the points are mounted on will change the relationship
between the position of the points and the position of the distributor cam, which is on the shaft
that is geared to the engine rotation. While setting the initial, or base timing is important, for an
engine to run properly, the timing needs to change depending on the speed of the engine and
the load that it is under. If we can move the plate that the points are mounted on, or we could
change the position of the distributor cam in relation to the gear that drives it, we can alter the
timing dynamically to suit the needs of the engine. When the spark plug fires in the combustion
chamber, it ignites whatever fuel and air mixture is present at the tip of the spark plug. The fuel
that surrounds the tip is ignited by the burning that was started by the spark plug, not by the
spark itself. That flame front continues to expand outward at a specific speed that is always the
same, regardless of engine speed. It does not begin to push the piston down until it fills the
combustion chamber and has no where else to go. In order to maximize the amount of power
generated, the spark plug must fire before the piston reaches the top of the cylinder so that the
burning fuel is ready to push the piston down as soon as it is at the top of its travel. The faster
the engine is spinning, the earlier we have to fire the plug to produce maximum power.
Centrifugal Advance changes the timing in relation to the speed RPM of the engine. It uses a
pair of weights that are connected to the spinning distributor shaft. These weights are hinged
on one side to the lower part of the shaft and connected by a linkage to the upper shaft where
the distributor cam is. The weights are held close to the shaft be a pair of springs. As the shaft
spins faster, the weights are pulled out by centrifugal force against the spring pressure. The
faster the shaft spins, the more they are pulled out. When the weights move out, it changes the
alignment between the lower and upper shaft, causing the timing to advance. Vacuum Advance
works by changing the position of the points in relationship to the distributor body. An engine

produces vacuum while it is running with the throttle closed. In other words, your foot is off the
gas pedal. In this configuration, there is very little fuel and air in the combustion chamber.
Vacuum advance uses a vacuum diaphragm connected to a link that can move the plate that the
points are mounted on. By sending engine vacuum to the vacuum advance diaphragm, timing is
advanced. On older cars, the vacuum that is used is port vacuum, which is just above the
throttle plate. With this setup, there is no vacuum present at the vacuum advance diaphragm
while the throttle is closed. When the throttle is cracked opened, vacuum is sent to the vacuum
advance, advancing the timing. On early emission controlled vehicles, manifold vacuum was
used so that vacuum was present at the vacuum advance at idle in order to provide a longer
burn time for the lean fuel mixtures on those engines. When the throttle was opened, vacuum
was reduced causing the timing to retard slightly. This was necessary because as the throttle
opened, more fuel was added to the mixture reducing the need for excessive advance. Many of
these early emission controlled cars had a vacuum advance with electrical components built
into the advance unit to modify the timing under certain conditions. Both Vacuum and
Centrifugal advance systems worked together to extract the maximum efficiency from the
engine. If either system was not functioning properly, both performance and fuel economy
would suffer. These cables are designed to handle 20, to more than 50, volts, enough voltage to
toss you across the room if you were to be exposed to it. The job of the spark plug wires is to
get that enormous power to the spark plug without leaking out. Spark plug wires have to endure
the heat of a running engine as well as the extreme changes in the weather. In order to do their
job, spark plug wires are fairly thick, with most of that thickness devoted to insulation with a
very thin conductor running down the center. Eventually, the insulation will succumb to the
elements and the heat of the engine and begins to harden, crack, dry out, or otherwise break
down. When that happens, they will not be able to deliver the necessary voltage to the spark
plug and a misfire will occur. To correct this problem, the spark plug wires would have to be
replaced. Spark plug wires are routed around the engine very carefully. Plastic clips are often
used to keep the wires separated so that they do not touch together. This is not always
necessary, especially when the wires are new, but as they age, they can begin to leak and
crossfire on damp days causing hard starting or a rough running engine. Spark plug wires go
from the distributor cap to the spark plugs in a very specific order. Each spark plug must only
fire at the end of the compression stroke. Each cylinder has a compression stroke at a different
time, so it is important for the individual spark plug wire to be routed to the correct cylinder. For
instance, a popular V8 engine firing order is 1, 8, 4, 3, 6, 5, 7, 2. The cylinders are numbered
from the front to the rear with cylinder 1 on the front-left of the engine. So the cylinders on the
left side of the engine are numbered 1, 3, 5, 7 while the right side are numbered 2, 4, 6, 8. On
some engines, the right bank is 1, 2, 3, 4 while the left bank is 5, 6, 7, 8. A repair manual will tell
you the correct firing order and cylinder layout for a particular engine. The next thing we need
to know is what direction the distributor is rotating in, clockwise or counter-clockwise, and
which terminal on the distributor cap that 1 cylinder is located. Once we have this information,
we can begin routing the spark plug wires. If the wires are installed incorrectly, the engine may
backfire, or at the very least, not run on all cylinders. It is very important that the wires are
installed correctly. It must provide sufficient voltage to jump the gap at the tip of the spark plug
and do it at the exact right time, reliably on the order of thousands of times per minute for each
spark plug in the engine. The modern spark plug is designed to last many thousands of miles
before it requires replacement. These electrical wonders come in many configurations and heat
ranges to work properly in a given engine. The heat range of a spark plug dictates whether it will
be hot enough to burn off any residue that collects on the tip, but not so hot that it will cause
pre-ignition in the engine. Pre-ignition is caused when a spark plug is so hot, that it begins to
glow and ignite the fuel-air mixture prematurely, before the spark. Most spark plugs contain a
resistor to suppress radio interference. The gap on a spark plug is also important and must be
set before the spark plug is installed in the engine. If the gap is too wide, there may not be
enough voltage to jump the gap, causing a misfire. If the gap is too small, the spark may be
inadequate to ignite a lean fuel-air mixture, also causing a misfire. If you are not familiar with the
way an ignition system works in general, I strongly recommend that you first read the previous
section The Mechanical Ignition System. In the electronic ignition system, the points and
condenser were replaced by electronics. On these systems, there were several methods used to
replace the points and condenser in order to trigger the coil to fire. One method used a metal
wheel with teeth, usually one for each cylinder. This is called an armature or reluctor. A
magnetic pickup coil senses when a tooth passes and sends a signal to the control module to
fire the coil. Other systems used an electric eye with a shutter wheel to send a signal to the
electronics that it was time to trigger the coil to fire. These systems still need to have the initial
timing adjusted by rotating the distributor housing. The advantage of this system, aside from

the fact that it is maintenance free, is that the control module can handle much higher primary
voltage than the mechanical points. Voltage can even be stepped up before sending it to the
coil, so the coil can create a much hotter spark, on the order of 50, volts instead of 20, volts that
is common with the mechanical systems. These systems only have a single wire from the
ignition switch to the coil since a primary resistor is no longer needed. On some vehicles, this
control module was mounted inside the distributor where the points used to be mounted. On
other designs, the control module was mounted outside the distributor with external wiring to
connect it to the pickup coil. On many General Motors engines, the control module was inside
the distributor and the coil was mounted on top of the distributor for a one piece unitized
ignition system. The higher voltage that these systems provided allow the use of a much wider
gap on the spark plugs for a longer, fatter spark. This larger spark also allowed a leaner mixture
for better fuel economy and still insure a smooth running engine. The early electronic systems
had limited or no computing power, so timing still had to be set manually and there was still a
centrifugal and vacuum advance built into the distributor. On some of the later systems, the
inside of the distributor is empty and all triggering is performed by a sensor that watches a
notched wheel connected to either the crankshaft or the camshaft. In these systems, the job of
the distributor is solely to distribute the spark to the correct cylinder through the distributor cap
and rotor. The computer handles the timing and any timing advance necessary for the smooth
running of the engine. Newer automobiles have evolved from a mechanical system distributor to
a completely solid state electronic system with no moving parts. These systems are completely
controlled by the on-board computer. In place of the distributor, there are multiple coils that
each serve one or two spark plugs. A spark plug wire comes out of each side of the individual
coil and goes to the appropriate spark plug. The coil fires both spark plugs at the same time.
One spark plug fires on the compression stroke igniting the fuel-air mixture to produce power,
while the other spark plug fires on the exhaust stroke and does nothing. On some vehicles,
there is an individual coil for each cylinder mounted directly on top of the spark plug. This
design completely eliminates the high tension spark plug wires for even better reliability. Most
of these systems use spark plugs that are designed to last over , miles, which cuts down on
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