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magnetic field looks like. The lines of flux come
out of one magnet pole and curve around to reen-
ter the other. Just like the isobars on a weather
map that show how strong the winds are, stronger
magnets produce more lines of flux that are closer
together. When a wire passes through a strong
magnetic field, many lines of flux, each contribut-
ing to the induced voltage, intercept it.

In the same way that it’s possible to have more
than one line of flux, it’s also possible to have
more than one wire passing through the magnet-
ic field at any given time. Forming the wires into
coils and having more than one coil increases the
induced voltage and the resultant current. A typi-
cal alternator has three coils in the stator wind-
ing, each mechanically separated by about 120°.
As the magnetic field from the rotor passes, three
pulses are produced, each separated by that 120°
in time. Since the goal is to produce direct cur-
rent, having more pulses per revolution is good
because it means the average voltage is higher.

Another way to get more output out of an al-
ternator is to have more magnets. A typical
Lundell claw pole rotor has six or seven magnet-
ic poles on each side, with a coil in the middle.
The fingers of the claw are meshed together so
that every other claw is connected to a different

end of the coil.
When a current is
passed through the
coil, it generates a
magnetic field
around it that’s con-
ducted by the claws.
If you count around
the circle, you’ll
find there are 12 or
14 north-south
magnetic poles.
Each pole repre-
sents another mag-
net that can create
the flux that will in-
tercept the wind-
ings of the stator.

Think you’ve seen your fair share of alternator designs

over the years? Wait’ll you take a gander at the new

generation of current-pumpers coming down the pike!
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The website for Visteon Automo-
tive Systems extolls the benefits
of its new alternator. Not only is
it smaller and more powerful,
but this alternator can extend the
life of the battery, reduce noise

in the passenger compartment, help defrost the
windshield faster and reduce engine emissions!
Oh, and it improves fuel economy, too!

Before we get into how Visteon did it, we
ought to mention that Delphi has a similar prod-
uct. And two other big alternator manufactur-
ers—namely Denso and Bosch—also have simi-
larly new, high-output alternators. To really un-
derstand what’s going on here, we need to make
sure you remember some alternator basics.

All alternators work on the basic principle of
what happens when a magnetic field intercepts a
wire, or vice versa. If either the wire or the mag-
netic field is moving, a voltage will be induced
into the wire. A variation of this is that running a
current through a wire causes a magnetic field to
build up around that wire. How much current is
actually generated depends on a few things.

The first is the issue of how intense the mag-
netic field is. Engineers use a term called flux to
create an imaginary mental picture of what a
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The element of time is also impor-
tant here. The faster the lines of flux or
the wire are moving when the intercept
happens, the higher the output will be.
Pulley sizes for the alternator and har-
monic balancer are carefully chosen to
make sure the alternator spins at two to
three times the speed of the engine.
This is done to ensure decent alterna-
tor performance at idle.

As mentioned earlier, a current flow-
ing through a wire produces a magnetic
field that’s proportional to the amount
of that current flow. Voltage regulators
control the output of the alternator by
sensing the battery voltage and adjust-
ing the amount of current flowing in
the rotor. Increasing or decreasing ro-
tor current changes how strongly the
electromagnets work with the stator
coil. A big advantage of the Lundell
claw pole rotor is that the output can
be reduced to zero by turning off the
current to the field or rotor coil.

As good as alternators are, they have
some real performance limitations. For
a lot of practical reasons, their maximum
output is limited to about 200 amps, or
3000 watts. While this may seem like a
lot of current, you only have to look at
today’s automobiles to see the need for
even more current, especially at idle.

We said earlier that the faster the
magnet poles move, the greater the in-
duced current. The flip side of this is
that alternator output is lowest at idle
or slow cruising speeds. Unfortunately,
this is exactly when current demand is
likely to be at its highest. For instance,
suppose you’re trying to parallel park a
modern car on a snowy evening. The
engine is at or near idle, the lights,
blower motor and rear defogger are on,
the windshield wipers are going and
now more power is needed for the
electric power steering. Because all the
available power from the alternator is
being used, the only source left for the
power steering is the battery itself. Bat-
teries don’t like being left short-
charged, which is exactly what happens
when the driver shuts off the engine. A
chronically undercharged battery will
have a shorter service life.

One problem with current alternator
designs is that they’re not very efficient.
The typical Lundell-style claw pole rotor
is only about 50% efficient. This means

you have to use almost 8 hp (6000 watts)
to drive 200 amps (3000 watts) of elec-
trical current out of the alternator. Un-
fortunately, the missing wattage winds
up as heat buildup in the alternator,
which must be dissipated in an engine
compartment that’s already pretty warm.

So what’s really needed is a more ef-
ficient alternator that produces more
power and less heat. It’s especially im-
portant that the output be made as
high as possible when alternator
speeds are relatively low. Here’s what
the alternator manufacturers are doing
to accomplish this.

The first approach has been to go af-
ter the causes of poor efficiency. One
look at a claw pole rotor tells you that it
doesn’t cost that much to make. A shaft,
a couple of claw pieces, the coil assem-
bly and the slip rings are pretty much
the whole story. The problem with this
design is flux leakage. Instead of all the
flux being used to intercept all the coils
for maximum current output, some of it
leaks out and does no useful work.

One solution is the Hybrid rotor. In-
stead of the space between the claws
being empty, the Hybrid rotor has per-
manent magnets mounted between the
claws. The flux from these magnets
goes into the claw, through the rotor
shaft and then back through the claw
on the opposite side of the magnet.
The permanent magnet fills the gap
between the claws so that the magnet-
ism generated in the rotor winding can-
not leak away. This forces more of the
flux from the rotor into the stator wind-
ings, increasing the alternator’s output
and efficiency.

The numbers being discussed for this
design are in the range of a 20% im-
provement over the old 50% efficiency
number. So at 60% total efficiency, it’ll
take only 5000 watts of power, or about
62⁄3 hp, to produce the same output. An
added benefit is that there’s 1000 watts
less heat that has to be dissipated.

The next logical step in alternator de-
sign is to put a water jacket around the al-
ternator connected directly to the en-
gine’s cooling system. This has several ad-
vantages. Because the water jacket is do-
ing the actual cooling, it’s less critical that
the alternator be located in the stream of
cooling air entering the engine compart-
ment. The water jacket also slows the

speed at which the alternator either heats
up or cools down. This is good for dura-
bility, because rapid temperature changes
are hard on materials that expand and
contract at different rates.

The water jacket has other benefits,
as well. For instance, Visteon claims in
its literature that its alternator can de-
liver up to 1250 watts of waste heat to
the cooling system. This heat ultimately
ends up at the vehicle’s defroster and
heater, where it’s used to clear the
windshield and heat the passenger
compartment more rapidly. Finally, be-
cause the coolant, and therefore the
engine, warms up more quickly, the
catalytic converter can light off sooner,
resulting in a significant reduction in
cold-start emissions.

So if a 20% improvement in efficien-
cy is such a big deal, why not go for
even more? This is exactly the point be-
hind a new type of alternator devel-
oped by a company called Ecoair
Corp., in Hamden, Connecticut. This
alternator will be in production later
this year for applications such as emer-
gency vehicles, where a great deal of
power is needed to operate flashing
lights, on-board medical equipment
and the like. The concepts used by
Ecoair have application for all vehicles,
including hybrids. The alternator is also
ideally suited for the 42-volt electrical
systems coming in 2003.

We spoke to Ecoair’s Dr. Costin Ifrim
and asked him what’s different about his
company’s alternator design. According
to Ifrim, the rotor in one of Ecoair’s de-
signs is actually two separate rotors
mounted side by side on the rotor shaft.
One of the rotors has permanent mag-
nets mounted to form 12 magnetic
poles. The magnets, and the metal
around them, present a level of flux that
does not depend on rotor current.

The second half of the rotor package
is a wound coil rotor. This has a normal
coil and pole shoe arrangement.

There are three separate modes of op-
eration for the Ecoair alternator. At low
speeds, the permanent magnet portion of
the rotor causes the generation of current
in the stator. In the boost stage of opera-
tion, the permanent magnet rotor plus
the wound coil both produce maximum
flux and output from the alternator.

The problem with permanent mag-
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nets has always been, How do you turn
them off to reduce the power output
when needed? That leads us to the third
mode of operation for the Ecoair alter-
nator—dubbed the “buck” mode.
Here’s how it works:

When there’s more output than the
electrical system needs, the current
through the wound portion of the rotor
is first reduced to zero. If that’s still too
much, the direction of the current is
then reversed. When this happens, the
magnetism of the wound coil opposes
the magnetism of the permanent mag-
nets. By controlling the polarity and the
amount of current in the wound por-
tion of the rotor, it’s possible to reduce
the output of the alternator all the way
to zero—the same technique that a fail-
safe circuit uses.

The combination of two rotors and
the intricacy of their internal design
promises some wonderful things. For
starters, the dual-stack design approach-
es 80% efficiency. That means it’ll take
only 3750 watts, or a little less than 5 hp,
to achieve a 200-amp (3000-watt) out-
put. The reduction in waste heat and
horsepower needed to run the alterna-
tor, meanwhile, means that the alterna-
tor can be physically smaller and lighter
for a given output.

But wait, there’s more. In tradition-
al alternators, the diameter must be
about the same dimension as the dis-
tance from the front of the unit to the
rear. With the Ecoair hybrid alterna-
tor, shapes where the alternator is
longer (like the shape of an old gener-
ator) are possible. If you think of the
available room in a circle formed by
the accessory drive belt, going larger
in diameter is not always possible. So
being able to go longer as a way to in-
crease output offers both belt torque
and packaging advantages.

Where this alternator really shines is
in the area of fuel economy, especially
at idle and low-speed operation.
Robert Bosch uses a rule of thumb that
says for every 5% improvement in al-
ternator efficiency, you should get
about a 1% improvement in fuel econ-
omy. Comparative tests done by Daim-
lerChrysler show that the Ecoair alter-
nator, while generating 13.4% more
power, can improve fuel economy by
5.8% when tested at idle and with the

transmission in Drive. If you know
what engineers go through to achieve a
1% increase in fuel economy, you’d ap-
preciate just how huge this number is.

It’s hard to underestimate the im-
portance of the alternator and the
charging system on overall automotive
design issues. Fuel-saving features

such as electrically powered water
pumps, engine oil pumps, power steer-
ing systems and brakes would be with
us now if it weren’t for the limits on
available electrical power. A high-effi-
ciency, high-power-density alternator,
operating at 42 volts output, just might
be the way to get there.


