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ABSTRACT

The typical off grid home will often be powered by various alternative means, with solar, wind,
sometimes hydro being the predominate prime sources of electrical power. In order to use these 
alternate source of power over the full range of a day batteries are the most common method of storage 
and buffering the power generated to provide for the home loads over the hours when either the wind is 
not blowing or the sun is not shining.

In order to assure proper charging for longer periods of time that there is no power generation 
available,  the most common approach is that of a standby generator. Standby generators can either 
provide for the loads or provide for battery charging or as is most common a combination of both.

Generator systems that provide for both loads and battery charging most often use either the 
built in charger of the inverter system or a standalone battery charger that is simply plugged into the 
generator. In fewer cases the system will have a generator to provide for the loads and also an 
automotive alternator to do the battery charging. This paper will explore the use of both methods and 
illustrate the overall efficiency compared to a new approach of the  “reapplication” of an automotive
alternator that will be shown to operate at higher power density and with dramatically higher efficiency 
than either of the prior methods.

This paper will investigate if the typical automotive alternator herein referred to as the claw 
pole
alternator can be operated at a much higher output power level and at dramatically higher efficiency.
A brief history of the machine will be presented, its theory of operation, what is known about the 
machine when used as designed, and what can be accomplished by changing the machines operating 
parameters.

In order for the reader to fully appreciate what is presented in this paper he will need to 
effectively forget everything he thought he knew about the automotive alternators theory of operation, 
and he will need to also put out of mind any assumptions based on prior experience or what has been 
published by the original manufactures of the machine.

While the machine was built by and for the automotive industry our intended use is not 
concerned with the constraints place on it by that use. For our intended purpose of charging a battery 
bank at a fixed speed the machine should simply be viewed as any alternator might be, the only 
similarity is visual  to its automotive counterpart.



HISTORY OF THE CLAWPOLE ALTERNATOR

It was always my assumption that the lundell claw pole alternator was a construct of the 
automotive industry, making its debut in or around 1962. The reality is a much more interesting story
in that the design predates automobiles by  many years going back to 1891. 

In 1891 an alternator was demonstrated at the “international electro-technical exhibition” 
it was an alternator that was loosely based on an earlier design by mordey,  however the design more 
closely exhibits the details of what we now call the lundell claw pole automotive alternator.  This 
machine was designed and built by C.E.L. Brown of Zurich Switzerland at the “Oerlikon Works”.
It was the first long distance transmission of 3 phase power  power in the world. Browns alternator had 
32  poles running at 150  rpm making 1400amps at 50volts per phase,, it was demonstrated to be 95% 
efficient.

Brown's alternator 1891
fig. 1

Brown's alternator transferred power from Lauffen to Frankfurt Germany a distance of some 
125 miles.  An interesting point to note is the efficiency of  Browns Alternator was within one percent 
of any of his contemporaries alternators at the time, and is to this day still within a couple  percent of 
what is currently producing power for the grid. This clearly demonstrates that there was no apparent 
deficiency in the design.



The Drawing and sketch below illustrates the similarity of Browns alternator to the modern 
claw pole alternator as is typical of the automotive machine. The rotor is made up of two halves bolted 
over a center hub that contains the rotor field coil, and the stator is shown to be made up of laminate 
iron both of which were carried forth in the design by the automotive engineers some 75 years later.

Drawing and sketch of Brown's alternator 1891
fig. 2

Clearly the Brown alternator is the grandfather of what we now know as the lundell alternator, 
so where did “lundell” come  into the picture?  This is unknown to me at this time, a Robert Lundell 
worked for a New York City based company called “Electrical Insulation and Conduit Company” 
where in 1891 were building DC dynamo's and motors. At this time I am unaware of any earlier 
attempt at a claw pole design by either lundell or electrical insulation and conduit company prior to the 
successful demonstration of  Brown's machine at the 1891 exhibition

In the mid 1950's the automotive manufactures were virtually at the end of a dead end  with 
6volt systems and moved to 12volts, this was a stopgap measure but clearly illustrated the need for a 
better charging system than the generators commonly in use at the time. The late 12volt generators 
could not provide the power needed by automobiles that were become laden with all manner of 
electrical equipment, most of which was in itself not very efficient. Couple that with battery technology 
that had not changed in 50 years and it became very clear that OEM's needed a replacement for the 
antiquated charging system that was clearly not up to future power demands.

It is my assertion that the claw pole alternator was adopted out of all the possible designs for the 
following reasons.

1. It was light in weight and easy to manufacture in mass quantity and required less materials
2. It could be made to start charging well at engine idle speeds, something the generators always 

had issues with.
3. It could stand up to very high rpm's without destruction, and
4. It could be rectified by the relatively new silicone power diodes which would eliminate costly 

commutators and brushes which required frequent service.



The automotive engineers adopted the claw pole design and basically tailored its operation to fit 
their intended usage. They needed an alternator that could produce roughly half of its rated capacity at 
engine idle and also stand up to high speed operation. In order to accomplish these goals certain 
compromises had to be taken, with the result being a unit that averages ~50% in efficiency. This 
relatively low efficiency was really of little to no concern to the manufactures, they needed a good 
reliable charging system and gas was relatively cheap. The savings at the fuel pump that might be 
gained by a higher efficiency design likely would have been nearly unmeasurable in most cases and the 
market at the time provided no incentive to spend a dime more than was necessary to produce a unit 
that would and could provide the power needed.

The claw pole automotive alternator has remained virtually unchanged for the last 50 years
apart from increasing its power capability to keep up with the ever increasing demands of modern 
vehicles. At present there has been much research work being done by the OEM's and other R&D labs 
because of concerns that the claw pole alternator has reached its maximum capability and therefore is a
move to step up to the new 42volt systems. The power density of the claw pole alternator has reached 
its max capability at approx 1.5 -2 kwatts for the 12volt system.

Because of the enormous amount of installed manufacturing base and support for the claw pole 
alternator there have been several methods developed to increase the power capability of the design.
It is very desirable to be able to keep the installed manufacturing base “if” the alternators can be made
to operate at higher power densities.  

To date there are two primary means to increasing the claw pole alternators power density.

1. the use of transformers: this method allows the alternator to operate at a relatively high
voltage and lower amperage and then using a 3phase transformer set, stepping down the 
output to the require voltage level while increasing amperage. This method has proven to work
however the added cost of the transformers is significant, this cost is something the OEM's are
not keen to embrace.

2. The use of a switch mode rectifier or controlled rectifier: this method allows the alternator to 
run at much higher voltage as in the previous example with lower amperage, and the rectifier
rather than being a passive element is controlled with a pulse width modulation scheme. This 
works by varying the on/off time of the rectifier to control the voltage, and the scheme uses the 
machines internal inductance to provide for buck converter operation. This allows the alternator 
to run at high voltage and low current, and the controlled rectifier as a buck converter will lower 
the voltage to a regulated system voltage and increase the amperage in the process. This method 
is also effective, but adds expense to the system.

Either system not only works but has proven to dramatically increase the alternators typical 
efficiency of ~50% to something over 70%.

I don't know which method will be adopted, but would suspect it will be a switch mode rectifier 
of some sort.  The point of interest here as far as we are concerned is, the claw pole alternator can run 
at a higher efficiency than is typical today.



FACTORS THAT DICTATE THE OPERATING EFFICIENCY OF AN AUTOMOTIVE 
ALTERNATOR.

There are several factors that limit the efficiency of a claw pole alternator when used in an 
automotive application. 

1. there is a need to begin charging at engine idle (alternator speed ~1200rpm)
2. there is a need for a significant portion of the full load rating to be delivered at idle
3. there is a need to deliver full power at cruise speed (alternator speed ~5000rpm)
4. there is a need for the alternator to be able to drop voltage significantly under excessive loads, 

short circuits, etc. in order to protect itself.
5. The alternator must operate in very high underhood temperatures
6. The alternator must be reliable and low cost
7. The alternator must be able to stand up to very high speeds.

Of these factors the most significant constraints to operating efficiency are,  1, 2, 3, 4, 5, and 7.

Factors 1, 2 and 3 relate to the need to provide large amounts of power over a very broad rpm 
range, and not at a specific rpm as is the case with most gen sets that run at either 1800 or 3600rpm. 

Factor 4 relates to the machines ability to protect itself against very large loads being switched 
on and off, folks jump starting other cars, and other high current abuses that typically are not visited on 
gen sets. It is also well to note that while most gen sets have fuse of circuit breaker protection the 
automotive alternator does not. 

Factor 5 relates to the rather horrible operating conditions that the automotive alternator is 
asked to operate under. Underhood temperatures are often well over 200 degree's F, and there is often 
oil fumes, water vapor or steam if you drive over a water puddle, salt spray and all manner of dust, grit 
and dirt.

Factor 7 relates to the alternators ability to stand up to frequent excursions into the high rpm 
realm some are asked to stand up reliably to as much as 8-15krpm.

The leaves us with Factor 6, it is a testament to modern engineering when we think about it, that 
a product like an automotive alternator is asked to do what it does, as well as it does, under horrible 
conditions and do it well for a surprisingly long time,, and be so inexpensive as well. Is it any  wonder 
that it should only be ~50% efficient? Until recently this level of efficiency has been a reasonable 
compromise.



USE OF A CLAWPOLE ALTERNATOR UNDER FIXED SPEED OPERATION

When the claw pole alternator is used in a fixed rpm application we eliminate much of what
constrains the machine for automotive use. We don't need it to produce power over a wide rpm range, 
we can pick a specific rpm to operate at which presumably would be matched to the output needed
and at the most efficient rpm for that output voltage.

We won't expect the machine to operated in hostile environments, we can operated in well under
the very hot temperatures that is typically the case, we can limit the fumes, gases, salt, grit and dirt as 
well.

We will not be expecting the machine to be self protecting in that we can provide for over 
current protection,  and we will not have any expectation of over speed operation as something that can 
happen under any but and an out of control situtation.

We can use what the OEM builds, so there is no need to go out and reinvent the wheel so to 
speak, we can use a standard HD alternator and by application and control have it provide for any 
reasonable voltage commonly available today, with preference to 24 and 48volt nominal operation.

THEORY OF OPERATION AND A LITTLE MATH:

At this point we should probably investigate what is happening inside the claw pole alternator, 
and what to attribute losses to. We have the following losses to account for...

1. Stator resistance, copper is a good conductor but not perfect, the copper wire in the stator
has resistance, and the more turns the higher the resistance, the higher the stator temperature the 
higher the resistance.

2. Field coil resistance, the field coil is wound with copper as well and has a significant amount of 
resistance, however the power lost in the rotor is but a fraction of that of the stator.

3. Eddy currents and hysteresis /core losses, these are also losses that are for the most part under
the control of the designer of the machine, these losses are also quite small compared to stator 
losses.

4. Leakage inductance and reactance issues, these are dominant forces in a claw pole alternator
and there are somethings here we can control by careful selection of parts and proper design.

5. Windage and Frictional losses, again smaller losses that we can't do much about if we are going 
to use these machines.

6. Rectifier losses, the silicone power diodes have a voltage drop across them of approx .7 to well 
over 1 volt under heavy loads. The rectifier losses are not insignificant but are less so a 
percentage of the total at higher operating voltages, wherein a 1 volt drop in a 12 volt system 
has twice the effect of the same 1 volt drop in a 24 or 48volt system.



Of the listed factors, stator resistance is the primary loss factor in a claw pole alternator, 
followed by , rectifier losses, leakage inductance and reactance issues, then down to the lessor which is 
windage/frictional losses, eddy/hysteresis core losses, and rotor resistance. 

Stator losses go up with the square of stator current, so an alternator that produces 50amps will 
have X losses attributed to it, and the same alternator running at 100amps will have 8X losses. So it 
becomes apparent quickly that the machine should be current limited to reclaim much of the loss. 
Cutting the amperage in half equates to having only  1/8 the losses of the same alternator at full power.

Other losses related to leakage reactance have a relationship to the inductance of the stator 
windings and the frequency of the machine (rpm), the higher each goes the more leakage reactance in 
the core. 

There are other factors that have all sorts of equations to explain the various phenomena, 
however because we cannot easily modify many of these other factors there is little reason to discuss 
them in this paper.

THE IDEAL CLAWPOLE ALTERNATOR FOR SPECIFIC APPLICATION EXAMPLE

There exists vastly more 12 volt alternators than there are 24volt or 48 volt alternators
for use in stationary operation working at a fixed design speed, and this in many ways is a blessing in 
disguise. 

Certainly we can locate 24 volt automotive alternators that could be used to charge a battery 
bank, what follows is an explanation as to why these alternators are not as desirable as one would first 
imagine for the following reasons.

1. all automotive alternators are engineered/designed and manufactured to work in an automotive 
environment, having all those constraints previously described in this paper.

2. There cost is usually higher based on their relative rarity in the US (EU countries, along with 
Australia and perhaps a few others seem to have more abundance of 24volt alternators, so the 
premium price they get here may indeed not be the case elsewhere)

3. The 24 volt alternators will require a less available regulator which is the case in the US, but 
possibly not the case elsewhere as in the former example.

An explanation is in order as to why a 24volt alternator would be less desirable than a 12volt 
alternator for charging 24 or 48volts. 

There are two ways for an alternator to be made in a 24 volt version of a 12 volt design, The 
first of which is the reconnection of the stator windings from delta to Wye (star connected) which 
increases voltage by a factor of 1.73 but the trade off is a reduction of amperage to ~57% of the delta 
rating. This increase in voltage allows the unit to begin charging a bit higher than the 12volt version in 
rpm's, but still much lower than had the machine been rewound with twice the turns on the stator.



This method works, but does not materially increase either the power density or the efficiency 
of the alternator for our use.

The second method is to rewind the alternator using twice the turns of smaller gage wire, it 
must be smaller to fit twice the turns in the slots of the stator. Doubling the turns increases the stator 
resistance and in doing so has a dramatic effect on stator losses. It also has an effect of roughly 
doubling the inductance of the stator, which has a marked effect on leakage reactance. The end result is 
a reduction of  the amperage to about half that of the 12volt machine.

This second method returns basically the same result, while it will work it does nothing to 
increase the power density or efficiency of the machine.

This is why we need to put everything we ever learned about automotive alternators out of  
our mind, we need to forget all we thought we knew about automotive alternators and simply look at  
the claw pole alternator as simply an “alternator”.  There is nothing about how we are going to use 
the machine for our purpose that would make it useful for automotive use, and the inverse is also 
true. The two uses share a machine that looks alike, is built the same, but is applied and controlled 
very differently.

PROPER  APPLICATION OF A CLAWPOLE ALTERNATOR FOR FIXED SPEED 
STATIONARY USE, HIGH POWER DENSITY AND HIGH EFFICIENCY

We will now select an appropriate alternator to reapply for high output and high efficiency. The 
first criteria is it should be widely available, reasonably priced, very well built, serviceable, and have a 
proven track record for solid and reliable performance. The Prestolite- Leece Neville 110-555JHO 
alternator fits these criteria quite well. It is a large frame alternator that is widely available, has a 
lineage going back to the old  Motorola alternator of some 35 years ago, uses double ball brgs, has a 
exterior serviceable brush set, exterior piggy back mounted regulator, is rated at 160amps at 12volt 
nominal. Having a 16 pole rotor and stator the cut in rpm is quite low at ~800rpms.  So this unit will 
make a suitable unit for reapplication to our purposes.

The next step is to remove the regulator, and set it aside. It being an automotive application 
regulator makes it unsuitable for use to regulate the machine for 24volt operation. This is the only 
change we will need to make with the machine. 

Next we will adopt an architecture from the alternators big brothers, that being separate 
excitation of the field by a separate belt driven exciter.  We usually have a 12 volt electric start on our 
engines, and as such must have an alternator or other charging source for charging the starting battery.
This starting battery system will be the backbone of our excitation buss.

We now have a 12volt excitation source for our 110-555jho (reapplied 12volt machine)
so that if we were to turn the machine at a sufficient speed it would begin to charge. Because its cut in
at 12volts was approx 800rpm, its cut in speed for 24 volt operation would now be approx 1600rpm.
For reasons explained later we shall set our design speed to ~4500rpm, which is well above the 
requisite 1600rpm needed for cut in at 24volts.



Such a basic system would work to charge a 24volt bank “if “ one wanted to babysit a field 
control rheostat, but this is both ineffective and can be either injurious to your batteries or dangerous, 
so
some sort of sophisticated control will be needed. What is needed is a regulator that can do several 
things that the original regulator cannot do, it must be able to be powered by a 12volt buss so as to 
provide power to our 12volt field, and it must be able to sense voltage at the batteries, and it must not 
be affected by charge algorithms of an automotive regulator but rather a much more sophisticated 3 
step control.  We will explore an off the shelf solution to this requirement.

The Balmar MC612 controller is a full function 12volt 3 step programmable regulator, that has 
many advanced features that make our system not only work, but work at a higher efficiency, under 
tight control and have two safeties built in. The two safeties are in the form of temperature sensors
one for the alternator stator and the other for the battery bank. The former protects the alternator from 
overheating, and the latter sensor not only protects the batteries from thermal runaway, but allows
for temperature compensation of the charging regime. It also has one other capability that we must have 

and that is a fully isolated sense line. The need for full isolation will be explained later in this paper.

Reapplication of claw pole alternator using
isolated excitation and field control diagram

fig. 3



THEORY OF OPERATION OF ISOLATED EXCITATION CLAWPOLE ALTERNATOR

From fig. 3 we can see that there are the following main components,  there are two alternators, 
two battery banks, and a balmar ars4 (an earlier version of the balmar mc612 controller).

The alternator and battery on the right side of the diagram are a typical 12volt system used to 
provide power for the engine starting system. The alternator could easily be replaced by a standard 
12volt battery charger, because basically besides providing for starter power it also provides the 
backbone of our excitation buss.

The alternator and the battery bank on the right side of the diagram is setup to be out 24volt 
system, to provide power for such appliances that require either 24volts or an inverter that would 
convert 24volts DC to either 120 or 240 vac at 60 hz or for 230 vac at 50hz for those that require this
frequency.

The balmar controller derives its needed 12volts from the 12volt dc buss (right side of the 
diagram) and takes its reference voltage from mid string of the battery bank on the 24volt system
(left side of the diagram). The batteries in effect form a voltage divider and provide the controllers
with a 12volt sense line.

It might be asked why the need for a separate buss, why not just power the controller off the 
mid tap of the 24volt bank?  Ans. Because the controller will require ~5amps of power to cover its 
needs and that of the field of the reapplied alternator. This 5 amps will be drawn from the lower 12volt 
battery of the 24 volt string which would alter its voltage as compared to the upper 12volt battery 
causing a charging imbalance to occur over a short time. By providing separate and isolated power for 
the balmar and by extension the field of the reapplied alternator no such imbalance will occur, the sense 
line takes less than 1/2amp which on systems of any size will not present imbalance issues. In testing 
battery banks sized over 225amp/hrs at 24 volts exhibit no imbalance between the upper and lower 
battery, as indicated by voltage readings within a couple hundredths of a volt of each other over 
a full charge cycle. (in reality this difference has been witnessed to shift from one battery to the other, 
the end result being an even balanced charge to both batteries in the series string)

TESTING OF THE REAPPLIED ALTERNATOR AT 24 VDC NOMINAL

One of the first considerations we need to make for our machine is how fast do we need to 
spin it?  From the chart in fig. 4 we see the 110-555JHO running in its OEM designed configuration
starts to charge at approximately 1200rpm for 12volts nominal. It would follow that for it to start to 
charge at 24volts nominal it would need to turn at approximately twice this rpm or 2400rpm. Therefore 
it is apparent we will need to drive the alternator faster than 2400rpm in order to provide charging into 
a 24volt battery bank.



110-555JHO Prestolite power curve
fig. 4

If we look further up the curve we see that at approximately 100amps the output curve remains 
relatively linear from cut in, and then starts to break over and the increase in amperage requires a non 
linear addition of more rotational speed. We also note that for the alternator to produce 100amps at 
12volt nominal it has to be driven approximately 1000rpm faster than cut in speed. Therefore we can 
assume that we need to drive the alteration at least an additional 1000rpm over the baseline of 2400rpm 
necessary to charge at 24volts nominal for a total of approximately 3400rpm.

What is not shown in the power graph fig. 4, is the hot curve. The hot curve is basically the 
power curve when the alternator is running at normal operating temperatures. We can expect some drop 
in amperage running hot than the graph would indicate, so we will add more rpm to the design limit to 
cover for increasing heat and decreasing amperage. An additional 1000rpm should be sufficient to 
provide for this phenomena.  Therefore 3400 plus an additional 1000rpm puts us at approximately 
4400rpm, now we shall consider how this rpm fits in with the original design parameters  of the 
machine.  



HTTP://www.prestolite.com/literature/alts/PP1131_110-555.pdf

From the prestolite pdf we see that the machine is rated for 160amp output at 5000rpm, and that 
the machine has an 8k rpm continuous speed rating, as well as we know they are typically installed in 
trucks where the engine is running at 2100rpm driving the alternator at a 3to1 ratio or 6300rpm. We 
also know that the alternator returns very good service life being used at this speed under very 
demanding conditions, so it would follow that running the unit at ~4400 rpm presents no serious 
concerns for the machine.

Because of drive ratio availability on the test stand the alternator will be spinning at 4800rpm
while the engine maintains  1800rpm, needed to drive an ST7.5 generator head.

After all connections are made as per the diagram in fig. 3, the ignition switch is turned on 
in order to power up the MC612 controller. The controller is programmed for the type of batteries on 
the test stand, in this case a 225amp/hr bank of AGM batteries 24volt nominal. The set point is 
programmed to 14.4 volts DC (remembering this is the mid string sample voltage) so that the total 
string voltage charge from the alternator will not be 28.8volts DC. We then program for a 45 second 
soft start pause with another 45 second ramp up to full programmed field excitation.

The engine is then started and allowed a warm up period, followed by the activation of the 
controller, followed by the pause and then ramp up of excitation current to the field of the machine.
We note as the field current begins to ramp up the voltage to the battery bank begins to rise as well as 
the amperage, topping out at 28.8 volts as predicted and the current is approaching 120amps. We note 
no unusual smoke from the engine owing to the soft start feature.

We go back into the controllers program screen to activate a very useful feature that sets this 
controller apart from any standard regulator, that being what balmar refers to as the “amp manager”
By altering this set point we can tailor the amperage output from the alternator to just where we want it
for our testing, which is 100amps max output. This feature is quite useful in that had we miss applied 
our drive ratio or had an engine that was too small in horse power to drive the load we could simply
adjust the amp manager to tailer the output to match the available power.

In further testing we allow the engine to come up to temperature and stabilize at 200 degree's F
We apply inverter loads and resistance heaters to maintain our 100amp load on the alternator and 
monitor the voltage and note it staying right on 28.8vdc. We measure the lower battery and find it to be 
sitting right on 14.4 as does the upper battery which equates to the batteries being charged equally.
(we note there is some fluctuation of  .02-.03 volts shifting from the upper to the lower and visa versa)

The alternator stabilizes with a stator temperature of 175 degree's F. which is well below the 
operating temp of the OEM spec's of 220 degree's F.

http://www.prestolite.com/literature/alts/PP1131_110-555.pdf


Testing results

The machine has proven to be reliable and stable producing 28.8volts DC at 100amps output
for a total of 2.88kwatts. The original parameters for this alternator is 14.2 volts DC at 130amps hot
for a total of 1.85 kwatts. This is an increase in output power of 55.7 %

Of note, the field power at this output level remained at approximately 36 watts throughout
testing at the 100amp level.

Further testing returned the machines ability to run at 28.8 volts DC at 130amps for a total of
3.74 kwatts, which equates to an increase over the original design parameter of  202.2%.  We did not 
pursue testing at this level because of having the alternator turning in the opposite direction of the 
directional fan that came with our original unit, and the concern for thermal runaway due to insufficient 
cooling airflow. A bidirectional fan is available for machines up to 140amps of this family of alternator, 
one of which will be used in future tests.

We have now witnessed one of our initial criteria coming to fruition, that being the increase
of the machines power density operating at other than its original designed voltage. The next series of 
tests revolve around the efficiency of the alternator operating under these conditions.

The test stand is comprised of a changfa S195 IDI diesel engine, it direct drives an ST7.5 at 
1800rpm, it also drives twin alternators (110-555JHO) one of which provides for starting battery 
charging and for the excitation buss current, the other is the reapplied alternator that is being tested
for use at 24volts nominal.

When all testing is done all driven units are being driven and are either being tested or
form parasitic loads, this makes for the elimination of drives and other component losses that might 
skew test results from one unit to another. In this setup we cannot determine exact efficiency but we 
can determine relative efficiency to very accurate numbers. We can determine exactly how many grams 
of fuel the engine consumes per kwatt/hr  when taking power off the ST 7.5 and we can also 
determine the exact amount of fuel that the reapplied alternator consumes per kwatt/hr as well.

It is the difference in grams/kwatt/hr between the two units (st7.5 vs 110-555) that will indicate 
to us whether we have an increase in efficiency over the baseline of the OEM alternator operating 
under original design parameters.

What we found in numerous tests over several days , operating at various load levels was the 
reapplied alternator mirrored the fuel consumption of the ST7.5 gen head.  Because no specific 
efficiency data exists or at least is know to me for the ST generator heads I can only surmise 
mathematically that it is approximately 78-80% efficient. This would indicate from a relative viewpoint 
that the reapplied alternator is now running at this same calculated efficiency. This is a dramatic 
improvement over the OEM design parameter of approx 54% efficiency for this alternator running at 
12 volts nominal. This equates to an increase in efficiency of approximately 44.4% (from 54 to 78% is
an increase of 44.4%)

We can now conclude that the reapplication of this alternator from 12 volts to 24volts nominal
is not only possible but results in a dramatic increase in power density ( ~55% to as much as 200% with 
proper cooling) and an equally impressive gain in efficiency  of approximately 44%.



Conclusion

Over the course of this paper we have followed the progression of the claw pole alternator
from its inception nearly 120 years ago, through is adoption by the automotive industry, toward its
modification for use with the new 42 volt standard, and finally with its reapplication for a specific use
charging a battery bank in a controlled manner at higher voltages, power densities and efficiency.

It should be obvious that the original design as implemented by C.E.L. Brown of the Oerlikon
works for the exhibition in 1891 Lauffen to Frankfurt transmission of 3 phase power over a long 
distance at better than 94% efficiency there is nothing inherently wrong with the design. Rather its 
simplicity lead to its adoption by the automotive industry where it has been pressed into service 
producing power under rather extreme conditions over a very broad rpm range, with efficiency 
concerns not even entering the equations until very recently.

We have explored the factors limiting output and efficiency of the claw pole alternator as used 
for automotive applications and how many of these limitations or factors that constrain the alternators 
use for our purposes can be avoided. The results have proven that the automotive alternator as tested
can be reapplied in a very specific manner to do what we need it to do at a much higher power density
and efficiency.

While this may be of little concern to many installations where battery bank charging is a small 
part of an overall system, it should be of much greater concern to those installations where battery bank 
charging requires a significant amount of engine run time. Any installation that has a large installed 
base of batteries to maintain, that are moderately cycled with regular frequency that requires the use of
an engine driven gen set for recharge stand the most to be gained from increased overall efficiency
where these increases equate to a reduction in fuel consumption, reductions in engine runtime, along
with extended engine lifespan and its maintenance.

There can be little argument to support the use of a charger being simply plugged into a 
generator head or the use of an inverter/charger to do serious battery charging wherein the overall 
efficiency will be markedly lower than the system described in this paper. Most especially when it is 
considered that the engine rpm can be tapered back as the charge rate reduces, which will also reduce 
the fuel consumption and increase engine service intervals and life. Tapering back engine rpm of 
an engine driven AC generator is not generally possible without a significant control scheme and a 
charging system that can take a lower frequency power as a result.

It should also be noted by the reader that this project is a first step in optimization of a claw pole 
alternator. While further increases in efficiency may be possible they are likely to be found at higher 
generated voltages such as 48, 60 or even higher levels.

Those interested in working with this method should note that alternators that are built on the 
same frame but various configurations have the highest likelihood for success. Through careful 
selection of off the shelf parts very high power levels can be attained.

As of this writing a 3rd generation unit is in the process of being tested that appears to have
an exceptionally high power density of over 7kwatts at 57.6 volts DC. The efficiency in theory should
break into the low 80's %, time will tell and much more work needs to be done.
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