
and close its valves different amounts at different
degrees of crank rotation at any speed, and can con-
trol not only the amount of fuel injected but the
exact point in the crank’s journey where it will be
sprayed directly into the cylinder in a precise pat-
tern. This is a far cry from hoping that the right mix-
ture will wander down the intake manifold at the
right time, hopefully to be ignited by a weak spark
timed by mechanical and vacuum “advances,” or that
the clock works in the mechanical fuel injection and
will have the right answer for the load and speed
requirements at that moment when the truck hits
the bottom of the big hill. 
This concept goes even further, so that multiple

injections of different amounts of fuel at different
times can be achieved. This means that at idle the tim-

ing can be retarded and a light injection can take
place in one or more instances, keeping the cylinder
and piston warm and ready to work, the catalytic con-
verter hot and the idle smooth (and quiet, in a diesel). 
When load is applied, the whole game can change in

an instant and the timing, injection and amount of
air and/or boost can be anticipated and delivered as
needed. Similarly, while running at higher rpms at
light load, the least amount of fuel necessary to keep
the load satisfied can be used; again, sent in to work
at exactly the right time(s) to maximize efficiency and
minimize emissions. This also works great with cylin-
der disabling such as that found on the new Chrysler
Hemi and some Mercedes and BMW engines. 
Injection quantity and quality are the key in emissions

strategies; multiple injections of different quantities of
fuel at different points in the crank rotation govern the
burning of the fuel and the power and pollutant out-
puts. For example, a little whiff to start the fire and
warm up the piston crown, a bigger dose to get the fire
burning really hot, a big squirt just before the pressures
peak in the combustion chamber and a final whiff to
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Figure 2: Common rail accumulator injection system for a
four-cylinder diesel engine.  Courtesy of Robert Bosch Corp.

Calculated Injection
For a diesel engine to run smoothly, the point of injection
must be timed very carefully otherwise the engine will clatter
and emit excessive smoke in the exhaust. On older diesel
engines, a high pressure mechanical injection pump is timed
much like a distributor by rotating its index position with
respect to the camshaft.

On newer diesel engines with electronic controls, there is
still a high pressure pump but injection timing is controlled
by the powertrain control module (PCM). Inputs from a
crankshaft/camshaft position sensor and injection control
pressure sensor are used to calculate injection timing. The
result is much cleaner, quieter combustion without the
annoying idle rattle and smoke that’s usually associated
with a diesel engine.

Figure 3: Common rail diesel systems precisely measure fuel
timing and delivery.

Figure 4: Diesel electronic throttle control components.
Courtesy of Robert Bosch Corp.
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