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Report Overview
This document is an analysis of research performed by Marsh Creek, LLC on a permanent magnet
coupling developed by Flux Drive, Inc. and installed on a modified John Deere diesel-electric
generator (DEG). The objective of Marsh Creek’s research project was to address inefficiencies in
village-scale DEGs under conditions of reduced load, such as those than can occur seasonally or
daily in isolated Alaska microgrids, or as a result of high penetrations of variable renewable energy
resources. This report quantitatively considers the power quality statistics of the prototype and
predicts the potential economic impact for village applications of an improved DEG device.

Project Introduction
The goal of this enterprise was to allow a diesel engine to operate under conditions of sustained
sub-maximum electrical power demand, which can be common in rural Alaska villages.
Marsh Creek employed a Flux Drive “Adjustable Speed Drive” (ASD) magnetic coupling
technology to facilitate engine operation at variable rotational speeds, as opposed to the normally
fixed engine velocity required to drive an alternator to produce 60 Hz AC power. Adjustable Speed
Drive technology has been applied to hundreds of separate installations, including classified U. S.
Naval installations.1, 2 Modifications similar in concept to those employed in this project could
meet frequency stability requirements while achieving increases in efficiency and cost savings.
In order to provide AC power at a frequency of 60 Hz with typical generator models, it is necessary
to fix the rotational speed of the (4-pole) electric generator at ~30 Hz. The generator is ordinarily
locked to the engine that drives it, so the engine speed is high even in cases of low demand, which
can be highly inefficient.
The Flux Drive ASD could allow effective engine operation at variable rotational speed.
Otherwise, this engine is necessarily set to a speed of 30 Hz, or 1800 revolutions per minute
(RPM). A distinct but analogous approach would be to employ a fixed rotational speed engine, but
attach both to a 4-pole alternator and to a bipolar alternator, only one of which would be engaged
at any given time.
Marsh Creek specified four distinct metrics for evaluating success of the application: efficiency,
control, engine performance, and reliable/safe operation of the holistic process. Efficiency was to
be ascertained as a function of fuel consumption, power output, and power quality. Control was
determined as generator AC frequency stabilization, engine speed switching, and
electromagnetically operated gear switching. Engine performance was evaluated according to the
metrics of percent-of-maximum torque, fuel temperature, electrical load, and diesel pressures.
Reliable and safe operation was evaluated according to phase currents, phase voltages, engine
coolant and temperature, exhaust gas temperature, and engine oil level.

Technology Overview
Introduction
Village microgrids, such as those found in rural Alaska, typically employ mid-sized (50–300 kW)
diesel-electric generators (DEGs). These units are subject to seasonal and diurnal variations in

power demand, which could force the DEG to operate at a less than optimal power setting outside
of its area of high efficiency on the fuel curve.
A DEG typically has two parts. The first part is a diesel engine, which burns diesel fuel, converting
stored chemical energy to mechanical energy in the form of rotational motion. The second part is
an alternator, which converts the rotational mechanical energy supplied by the diesel engine into
alternating current (AC) electrical energy.
The average stand-alone efficiencies of diesel engines powering alternators, operating at rated
power output capacity, typically range between 35% and 60%, measured as a percentage of the
heat content of the supplied diesel fuel, whereas alternator efficiencies tend to fall between 85%
and 95%.3 Hence, the efficiency of the DEG set is primarily determined by the efficiency of the
diesel engine.
The output frequency of the AC electrical supply to consumers in the United States and Canada is
typically 60 Hz ± 0.5 Hz, but frequencies may run as low as 3 Hz, below nominal in small electrical
grids.4 This frequency is directly related to the rotational velocity of the alternator shaft, which
must therefore be fixed as constant. Since the diesel engine provides mechanical power to the
alternator, in common application only a single rotational velocity is allowable for operation of
the diesel engine.
Under conditions where electrical power demand is approximately equal to the maximum rated
power of the engine, fixing these rotational velocities is not a problem. However, at states of lower
demand, additional considerations come into play. Since rotational energy is the product of
rotational velocity and torque about a moment arm, lower power demand can be accommodated
at the same rotational velocity by a reduction in torque. Reduction in torque can be accomplished
by reducing fuel injection quantity, but since the chamber volume is the same, fuel density in the
chamber is changed along with combustion temperature relative to conditions of maximum power
output. The combustion efficiency of a heat engine is directly related to the difference between the
temperature inside the device and the ambient temperature outside the device. Therefore, a reduced
combustion temperature in conditions of low power demand leads to a reduction in engine
efficiency.
If, however, engine rotational speed can be decreased, the torque and therefore the fuel injection
quantity may remain constant. At the same time, the fuel burn time increases because the piston
speed is slower with the reduced rpm, and ultimately leads to decreased overall fuel usage. The
torque peak is at a lower rpm than the horsepower peak. Maximum torque is achieved at the
slower speed because the fuel burn can maintain pressure on the piston for a longer effective
stroke. The manufacturer’s engine fuel algorithm actually adds fuel during this period.
Generally the point of maximum fuel efficiency is at an rpm somewhere between the maximum
horsepower peak, and the maximum torque peak.
Efficiencies in Typical DEG Unit Operation
A Power Tech DEG model 4045AFM85, which consists of a John Deere 4045AFM85 engine
(nameplate output of 125 kW) powering a Marathon generator (nameplate 100 kW), prior to any
modification, which can provide a maximum of 116 kW AC electrical power, is a typical generator
used in village microgrids. For reference, the “fuel use efficiency” of this DEG, operating at 100%
of the generator’s rated output power (100 kW), is 13 kWh/gal, which equates to an absolute

thermal efficiency of 32.3%, given the 40.3 kWh/gal total heat content stored as chemical energy
in diesel fuel.5

Fuel Use Efficiency (kWh of output per U. S. gallon)

Figure 1 shows the manufacturer-specified fuel efficiency curve of the Power Tech DEG model
4045AFM85, which gives the fuel-use efficiency (vertical axis), in kWh/gallon at different output
power values, given as percentages of the rated output power (horizontal axis) of the Marathon
generator.
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Figure 1. Manufacturer-provided efficiency (in kWh/gal), vs. fraction of rated power output (in %) of a
Power Tech DEG model 4045AFM85, prior to modification to accommodate low power demand
scenarios. At 100% of rated generator power output, the DEG has a thermal efficiency 32.3% (13
kWh/gal).6

As the power demand on a DEG decreases, engine efficiency drops as it leaves optimal operating
conditions. This drop in engine efficiency is particularly significant for isolated microgrids such
as those found in rural Alaska. In these microgrids, major seasonal fluctuations in energy
consumption occur,7 in addition to typical diurnal cycling of loads.
The problem of reduced efficiency under conditions of reduced power requirements can be
addressed by changing the fuel injection rate, as per an automobile engine operation. Dieselelectric generator sets are typically manufactured with fixed mechanical coupling between the
diesel engine and the electric generator. As described above, in situations of lower power demand,
the diesel engine, set at its default rotational speed, is inefficient.
Overcoming this fundamental inefficiency requires either mechanical transmission of the torque
from the engine, or electronic modification of the electrical power from the generator. In the latter

case, to achieve high power quality, a grid-forming, grid-tied inverter is required to alter the output
of the generator and maintain AC output frequency constraints. One drawback of this approach is
the limited lifespan of such inverter technologies,8 whereas the simplicity of a mechanical
transmission promises higher durability.
As stated above, output power from a rotating body depends not just on torque, but on rotational
speed, too, suggesting a method whereby the diesel engine rotational speed is lowered (without
changing the generator rotational speed), maintaining torque. Thereby, optimal temperature and
thus thermal efficiency would be achieved under sub-maximum electrical load and reduced fuel
injection rate.
With disjointed rotational speeds for the generator and the engine thus achieved, the generator
can continue providing power at the desired frequency with the engine at a lower RPM to supply
lower loads, optimizing torque and decreasing fuel injection. This concept is at the core of the
project. As stated, as an engine’s rpm is reduced, its maximum power capacity is reduced.
Torque would have to be increased to maintain the same power at the lower rpm. Fuel would
have to be increased in this scenario. In order for the engine to operate at a lower power level at
the lower rpm, fuel would be reduced to a point. The question to be proven is whether the
engine can maintain thermal efficiency at the low rpm / low power condition. Fuel combustion
is the only thing that adds heat to the engine, and the key issue is the minimum amount of fuel
consumed that can maintain an efficient engine temperature.

Project Summary
Marsh Creek employed mechanical transmission of a DEG using Flux Drive’s Adjustable Speed
Drive—a discrete 2-speed gearbox with electromagnetic couplings.
The transmission allowed the diesel generator to switch between two gears: one of transfer ratio
1:1, the other of 1:1.5. The John Deere diesel engine could then change its rotational speed from
1800 RPM to 1200 RPM at lower power demand, yet power the Marathon generator such that it
rotated at 1800 RPM. A simplified schematic of the apparatus is shown in Figure 2.

Figure 2. John Deere diesel engine powering a Marathon generator through a 2-speed transmission
controlled by two Flux Drive bearings (depicted 100% engaged). [Image credit: Marsh Creek, LLC,
Milestone 1 report, “System Architecture Report,” AEA Grant #7310016, “High Efficiency Diesel
Electric Generator Set”].

Included in Flux Drive’s Adjustable Speed Drive (ASD), each magnetic coupling allows
contactless coupling between a rotor and the magnetic cylinder enclosing it, instead of a purely
mechanical gearbox. When the rotor is engaged inside the magnetic cylinder (mobile stator), the
rotation of the engine-driven stator creates an electromagnetic induction force. This force causes
the rotor part to move and power the alternator. The two parts have no physical contact with each
other and are separated by an air gap of 0.070 inch.9 The benefits of this approach include reduced
maintenance, smaller and less expensively sized components due to shock absorption of sudden
torque changes, and a reduction in vibration and associated mechanical wear.

System Testing
Marsh Creek performed a baseline electrical test, with loads increasing stepwise from 12.6 kW to
the full power of 102 kW in 15-minute, 12.6 kW increments, and back, decreasing in the same
fashion. The stated plan was to follow these iterations for the actual experiment, but no data are
available to indicate that this plan was rigorously followed.
Experimental Methods
Marsh Creek was set up to determine efficiency, power quality, control (including stabilization of
generator AC frequency by controlling engine speed, switching engine speed between 1800 and
1200 RPM according to energy demand, and gear switching with electromagnetic actuators),
engine performance (including torque, fuel temperature, load, and diesel pressures), and
reliable/safe operation (including phase currents, phase voltages, engine coolant and temperature,
exhaust gas temperature, and engine oil level). These parameters were determined as follows (see
Figure 3 for illustration):
1. Fuel consumption data (and thus efficiency) acquisition were from two sources:
• the flow volume (from Gems Sensors TurboFlow FT-210 P/N 212465 fuel flow
sensors for direct and return fuel flow), and

•

fuel flow rate (from John Deere diesel engine’s Electronic Control Unit [ECU])

2. A three-phase electrical meter Shark 200 was used for power quality monitoring, includingTotal Harmonics Distortions (THD) and spectral analysis.
3. Both the Shark 200 meter and the Woodward EasYgen 3200 meter were used for measuring
AC frequency, generated electrical power, phase currents, and phase voltages.
Also considered in the analysis were qualitative evaluations of the vibration of the diesel engine
and of the electric generator.

Figure 3. Flow chart of the Marsh Creek / Flux Drive DEG unit experimental study. [Image credit:
Marsh Creek, LLC, Milestone 1 report, “System Architecture Report,” AEA Grant #7310016, “High
Efficiency Diesel Electric Generator Set”].
Stage 1

The setup for the first stage of the project is shown in Figure 4. As with common DEGs, in the
first stage of the project, one static ball bearing was used in the generator, and one was used in the
diesel engine. Flux Drive couplings also contain a ball bearing.
Largely due to the low magnetic permeability of the air gap between the rotor and stator,10 such
an assembly has measurable and significant inefficiencies at work in its operation. The magnetic
inefficiency of energy transfer (“slip”) through this device is around 2% while in normal
operation.11 Disengagement of the rotor leads to a gradual reduction of electromagnetic coupling
force, such that the slip increases until complete de-coupling.
Addition of the Flux Drive coupling elongated the main shaft of the DEG, and Marsh Creek
reported that the shaft then sagged under its own weight, and was bent out of shape by centrifugal

forces from the belts, which led to significant and undesirable vibrations. In 1800 RPM mode, the
problems were further exacerbated by slack in the driving belt.

Figure 4. Modified engine and generator with 2-bearing plus ASD: first stage setup [Credit: Marsh
Creek, LLC, Final Report on AEA Grant #7310061: “High Efficiency Diesel Electric Generator Set”].
Stage 2

In the second stage of the project, additional bearings on the DEG prevented belts from forcing
the driveshaft horizontally out of shape (see Figure 5a). To provide for improved operation in
1800_RPM mode, an extra spring-tensioner was applied to the driven belt (Figure 5b).
Overall, due to these issues with vibration of the original setup, Marsh Creek introduced two
additional bearings and two belts, for a total of 6 bearings and two belts (see Figure 6). One belt is
employed in the 1200 RPM configuration, and both belts are employed in the 1800_RPM
configuration. The employed Poly Chain GT Carbon belt efficiency, 𝜂𝐵𝑡 , is calculated at 92%
based on the specification sheet value for a power transfer of 89 kW.
For an in-depth theoretical treatment of fuel efficiencies from these two setups, please refer to
Appendix A.

Figure 5a. Bearing modification to provide shaft support implemented due to horizontal forces on the
shaft from stage 1 [Credit: Marsh Creek, LLC, Final Report on AEA Grant #7310061: “High
Efficiency Diesel Electric Generator Set”].

Figure 5b. Spring-tensioner modification to increase tension while operating in 1800 RPM mode,
implemented due to vibrations when operating the DEG in 1800 RPM mode in stage 1 [Credit: Marsh
Creek, LLC, Final Report on AEA Grant #7310061: “High Efficiency Diesel Electric Generator Set”].

Figure 6. Engine and generator with both Flux Drives along with 2-belt, 6-bearing modified setup
[Credit: Marsh Creek, LLC, Final Report on AEA Grant #7310061: “High Efficiency Diesel Electric
Generator Set”].

Data Processing and Fuel Sensor Testing
Data processing and communication were performed by the following tools:
1. The AutomationDirect PLC model H2-DM1E, operating as a Modbus server, acquired the
“pulse count” [83,200 pulses per U.S. gallon of fuel or 22,000 pulses per liter] from the
two Gems Sensors TurboFlow FT-210 P/N 212465 fuel flow sensors. Data communication
with the AutomationDirect PLC model H2-DM1E, the Shark 200, and the Modbus Gateway
MGate 3270 was conducted using Ethernet over TCP/IP Modbus RTU protocol.
2. Supervisory Control and Data Acquisition (SCADA) software Ignition from Inductive
Automation, consisting of (a) an OPC-UA data server providing data acquisition from
equipment, (b) a SQL-bridge providing connection to SQL database, and (c) a gateway
server linking all components with the client-server interface.
3. The open-source relational SQL database software package PostgreSQL 9.2, used for
management of experimental data. A computer loaded with SCADA software was also
connected, via Ethernet.
The crucial metric of fuel use efficiency was measured both by Gems Sensors TurboFlow FT-210
P/N 212465 fuel flow sensors and by the John Deere diesel engine’s Electronic Control Unit
(ECU). Figure 7 shows a comparison of the measurement outputs of these two methods.
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Figure 7. Fuel use efficiency as measured by the John Deere engine ECU sensor (red-dashed curve),
and by the Gems Sensors TurboFlow fuel flow sensors (solid blue curve), superimposed on the fuel use
efficiency as indicated by the DEG manufacturer (black-dotted curve).

The output of the Gems Flow sensors, the John Deere engine’s ECU, and, for comparison, the
manufacturer specifications of the combined DEG unit described in the introduction to this report,
are shown together in Figure 7. It is clear that the two fuel measurement devices give widely
different results. The red-dashed curve represents the response of the unmodified “original” DEG
setup, given by the engine ECU sensor, including data on situations of low load, confined as it is
to a “fixed speed” rotational velocity of the engine at 1800 RPM. The blue curve represents the
same variable, but in this case, measured by the Gems Sensors TurboFlow fuel flow sensors. The
authors of Marsh Creek’s final report state that the Gems Sensors provided inconsistent
measurements (and, therefore, they discount that data set), but the authors do not elaborate on this
statement. It is clear, however, that in judging correlation to the manufacturer specifications both
quantitatively and in terms of the qualitative shape of the curve, the John Deere ECU
measurements provide a better fit.

Technical Evaluation
Power Quality Testing
Figure 8 shows the deviation from 60 Hz in electrical output frequency of the modified DEG-Flux
Drive (stage 1) setup. This deviation was small and generally in line with model predictions by
Marsh Creek. Most of the deviation was reasonably attributed to changes in slip at different load
values.

Marsh Creek stated that a 0.7 Hz deviation is an acceptable level when compared with what is
found in existing Alaska village power systems. We agree, with the caveat that certain power
control systems, such as some solar inverters, can occasionally trip at frequency deviations of less
than 1 Hz.
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Figure 8. Alternating current output frequency vs. generator output power. Deviation from the desired
60 Hz output increases with increasing output power. The red-dashed line is taken from the modified
Flux Drive DEG setup in 1200 RPM, whereas the blue solid line is from the modified setup in 1800
RPM mode.

First Flux Drive Modification Efficiency Testing and Reliability Challenges
The initial (“Phase 1”) improvements in fuel use efficiencies due to the Flux Drive technology can
be observed in Figure 9 as the large difference between the (essentially linear) green curve,
corresponding to the modified DEG operating at 1200 RPM, and the low-power regime of the
blue-dashed curve, representing the DEG in its original configuration, constrained to operate at
1800 RPM. At ≤ 30% power levels, the modified DEG, operating at 1200 RPM, shows significant
fuel savings compared with the original. From this data, Marsh Creek estimated a fuel use
efficiency increase of 4.5% to 5% when operating the engine at 1200 RPM in the range of 10% to
50% of rated power. Also visible in Figure 9 are the results from the modified setup when the DEG
operated in 1800 RPM mode (red curve). Note that when operating in 1800 RPM mode, the Flux
Drive-modified DEG efficiency was slightly reduced compared with the original.
Efficiency increases approximating those that Marsh Creek reports require an assumption that the
power required from the generator is ≤ 50% of maximum for a fraction of time, which corresponds
to at least 80% of the fuel use. Using this assumption, ACEP analysis of the data concludes that

Phase 1 testing shows a 3.5 ± 0.3% improvement in absolute thermal efficiency above that of the
original DEG.
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Figure 9. Thermal efficiencies of the first flux-drive modified setup (“Phase 1”), operating in 1200
RPM mode (linear green curve), the unmodified “original” DEG setup in situations of low load (bluedashed curve), confined to 1800 RPM, and the modified setup operating in 1800 RPM mode (red
curve).

Second Flux Drive Modification Efficiency Testing
After the second stage modification to fix the excessive shaft vibrations, Phase 2 testing occurred.
No significant improvement in efficiency was visible for the lower engine speeds, as seen in Figure
10. We reached the same conclusion as was outlined in the Marsh Creek final report, that there
was a significant reduction in efficiency versus the default DEG setup.
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Figure 10. Original DEG efficiencies (blue-dashed curve) alongside efficiencies of the 2nd phase of the
setup, operating in 1200 RPM mode (purple line) and 1800 RPM mode (red-dotted line).

Marsh Creek concluded that the frictional losses in the flux drive, bearings, belts, and pulleys offset
any improvements in diesel efficiency. They noted a difference between predicted results and
experimentally observed results for the Flux Drive DEG setup in the first stage of design, shown
in Figure 11, alongside results from the tests of the second stage, for which no theoretical
prediction was made. This difference between theoretical and experimental findings was explained
by Marsh Creek as the addition of “constant power loss” bearings to the system, but such analysis
is circumspect without proof that power loss in the bearings does not vary with alternator load
(refer to the theoretical discussion in Appendix A).
There are lingering questions about Marsh Creek’s modified designs. It is not clearly reported that
the first ASD installation procedure was adequately checked after the mechanical failure (no Flux
Drive, Inc., personnel worked with the apparatus directly). In addition, it is not obvious whether
follow-up conversations with Flux Drive, Inc., which might have led to more robust problem
solving, occurred after Phase 2 installation. Marsh Creek’s reports, as well as their data reporting
and communication, fail to shed any light on the details of Phase 2 testing.
The effect of the additional belts and bearings on the system’s efficiency was not fully predicted
or appreciated, and almost no justification is given for their use except to “stop the vibration.”
Once the desired efficiency improvement failed to materialize, the extra bearings and belts were
blamed for any discrepancy from the originally predicted results.
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Figure 11. Discrepancies between theoretical projected (red-dotted curve) and experimentally
determined (red-dashed curve) fuel usage efficiency of the first Flux Drive modification to the DEG in
1200 RPM mode, alongside experimental results from the second modification (solid purple line)
operating in 1200 RPM mode, and the original, unmodified DEG operating at 1800 RPM.

Economic Analysis
In determining cost savings due to reduced fuel usage, let us assume that the price of diesel fuel is
$6.00 per U.S. gallon. Let us further assume that the total loads on the DEG equate to an annual
energy usage of that produced by the DEG operating 100% of the time. In other words, assume
that the time spent in operation is 8,766 hours per year (leap year adjusted for time of testing).
Also, assume that the average load required of the DEG is 50% of the alternator output rating, that
is, 50 kW. In such a case, the annual energy demand on the DEG is 438.3 MWh. Let us further
assume that most of that energy will be used at 50 kW of actual power draw, and that the aggregate
positive or negative deviations from a 50% load will balance each other in terms of efficiency loss
or gain, such that the original DEG setup fuel use efficiency at 50% load (50 kW) is valid
throughout the year.
In this case, the original DEG set, which would be operating at a fuel use efficiency of 11.5
kWh/gal, will burn more than 38,000 gallons of fuel, at a total cost of $228,700. Clearly, even
small improvements on this efficiency would lead to substantial savings (see graph in Figure 12).
During Stage 1 of Marsh Creek’s project, by the current authors an estimated 3.5% thermal
efficiency gain was reported (but not independently verified from raw data) over the original DEG
efficiency. This gain equates to 1.4 kWh/gal above the 50 kW-load fuel use efficiency value for
the original DEG of 11.5 kWh/gal for a total fuel use efficiency of 12.9 kWh/gal. At this rate of
usage, only 34,000 gallons of fuel are needed, so savings versus the original constitute a gain of

$24,900 annually. Over a 5-year period, at similar use rates and pricing, a savings of $125,000
could be realized. See Table 1 for a summary of these calculations.
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Figure 12. Annual cost savings due to diesel fuel saved at different fuel use efficiencies in rural
Alaska, assuming a cost of $6 per U.S. gallon of diesel fuel. Even small increases in DEG fuel usage
efficiency can lead to significant cost savings.

Table 1. Cost savings estimates based on an improvement of 3.5% in absolute thermal
efficiency. (Note: efficiency is denoted by η).
Rationale
Assumed cost of fuel:
Given a 100kW generator:
Given 8,766 hours in a year:
Calculate 50% of Generator power:
Calculate energy demand:
Assume average η = ~ η@50kW
Calculate yearly fuel usage:
Calculate yearly cost:
% thermal η : fuel η ratio = 0.4025:1
Determined thermal efficiency gain
Calculate fuel efficiency gain:
Resulting fuel η:
New fuel usage:
Fuel savings:
Cost savings:
5-year cost savings

Calculation
N/A
N/A
0.50 ×100 kW =
50 kW × 8,766 h/yr =
N/A
438,000 kWh/yr × 1/(11.5 kWh/gal) =
38000 gal/yr × $6/gal
N/A
N/A
3.5% × 0.4025 kWh/gal/% =
1.4 kWh/gal + 11.5 kWh/gal =
438,000 kWh/yr / (12.9 kWh/gal) =
38,087 gal/yr ˗ 33,930 gal/yr
4,156 gal/yr × $6/gal
4,156 gal/yr × 5 yr × $6/gal

Value
$6/U.S. Gallon
100 kW
8,766 h/yr
50 kW
438,000 kWh/yr
η = 11.5 kWh/gal
38,087 gal/yr
$228,700/yr
Ratio = 0.4025:1
3.5%
1.41 kWh/gal
12.91 kWh/gal
33,931 gal/yr
4,156 gal/yr
~$24,900/yr
~$125,000

Conclusions
It seems likely from the presented data that the Flux Drive, Inc. Adjustable Speed Drive
modification of a DEG set, due to an increase in efficiency at low power loads, can realize overall
efficiency gains of approximately 3.5%, or annual savings in diesel fuel of $16,700, without
significantly reducing power quality.
Though not clear what went wrong with the Marsh Creek design to cause heavy vibration of the
setup in the early stages of the project, it is unlikely that all avenues of improvement have been
exhausted. For example, a Flux Drive DEG setup could attain the same goal of effective engine
operation with a variable rotational speed alternator by using a fixed rotational speed engine,
attached both to a 4-pole alternator and to a bipolar alternator, only one of which would be engaged
at any given time.
In general, the modification technology still seems promising, but further critical thought and
experiment are needed. A linear design could be considered, with all components on a single shaft.
This configuration would eliminate all of the belts, and offset shafts, and also eliminate vibration
issues. A single FluxDrive could control a planetary gear set and basically operate in direct rive
in 1800 rpm mode and engage the planetary as a speed increaser for the generator in 1200 rpm
mode.
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Appendix A: Fuel Efficiency Theoretical Analysis
Bearing and Coupling Efficiency Calculations

Efficiency of overall power transfer through a single Flux Drive coupling, 𝜂𝐹𝐷 , is given by:

𝜂𝐹𝐷 = 𝜂𝑅 ∙ ( 1 − 𝑠 ∙

𝑃
)
𝑃𝑚

where 𝜂𝑅 is the “resistive” efficiency accounting for resistive losses in drive, set at 98%, similar to
an AC motor; 𝑠 is the unitless value of the slip losses (2% or less) due to the low magnetic
permeability of the air gap; 𝑃 is the power supplied through the coupling; and 𝑃𝑚 is the maximum
power that will ordinarily be required by the generator, in this case 100 kW.
Even for the most simplified apparatus, one static ball bearing, each, is required for the alternator
and for the engine. The power dissipated in such a bearing is assumed by Marsh Creek to be 1 kW,
as efficiency of the bearing, at the power for which it is designed (100 kW), is 1%. As a rule, welllubricated bearing operation classifies as “viscous,” and so is linearly dependent on RPM alone.12
Ostensibly, Marsh Creek considers it a constant power loss in this case. It is not clear to the authors
of the current report, however, that constancy can be assumed for the (experimentally crucial)
loads, which are ≤ 50% of maximum. A similarly rated “pilot” bearing is built inside the Flux
Drive, permitting different RPM for “can” and rotor. Including operation of the bearing, which is
directly associated with the coupling, Flux Drive efficiency is given by:

𝜂𝐹𝐷 = 𝜂𝑅 ∙ 𝜂𝑠 ∙ 𝜂𝐵𝑟 = 0. 98 ∙ ( 1 − 𝑠 ∙

𝑃
𝑃
)∙ (
)
𝑃𝑚
𝑃 + 𝑃𝐵𝑟

where 𝜂𝑠 is the slip efficiency, 𝜂𝐵𝑟 is the efficiency of power transfer through a single bearing,
and 𝑃𝐵𝑟 is the power dissipated in the bearing.
In the initial stages of the project, as part of the Adjustable Speed Drive (ASD), two Flux Drive
couplings were installed, for a total of four bearings (one from each drive, and one each for the
generator and alternator). The power losses of the additional bearings are additive, such that:

𝜂(𝑎𝑙𝑙 𝑏𝑒𝑎𝑟𝑖𝑛𝑔𝑠) = (

𝑃
)
𝑃 + 𝑥 ∙ 𝑃𝐵𝑟

where 𝑥 is the total number of bearings in use.
Overall Efficiency Calculations

Recall that in the later stages of the project, due to issues with vibration of the setup, Marsh Creek
introduced 2 additional bearings and 2 belts, for a total of 6 bearings and 2 belts. In the 1200 RPM

configuration, only 1 belt is used, and both belts are used in the 1800 RPM configuration. The
employed Poly Chain GT Carbon belt efficiency, 𝜂𝐵𝑡 , is calculated at 92% based on the
specification sheet value for a power transfer of 89 kW.
When both belts are operating in tandem, the overall belt efficiency, 𝜂2𝐵𝑡 , becomes

𝜂2𝐵𝑡 =

𝑃
𝑃+2 ∙(

1
𝜂𝐵𝑡

−1)

For the second-stage configuration, then, in the 1200 RPM mode, the efficiency expression
becomes:
𝜂1200 = 𝜂𝑅 ∙ 𝜂𝑏𝑠 ∙ 𝜂𝐵𝑡𝐵𝑟
where 𝜂𝑏𝑠 is the combined belt and slip efficiency, given by:
𝜂𝑏𝑠 = 𝜂𝐵𝑡 ∙ 𝜂𝑠
and 𝜂𝐵𝑡𝐵𝑟 is the combined belt (𝜂𝐵𝑡 = 0. 98 as described above) and bearing (𝑥 ∙ 𝜂𝐵𝑟 )
efficiency:
𝜂𝐵𝑡𝐵𝑟 = 𝜂𝐵𝑡 ∙ 𝑥𝜂𝐵𝑟
Thus, with 6 bearings in use,
2
𝜂1200 = 6𝜂𝑅 ∙ 𝜂𝐵𝑡
∙ 𝜂𝑠 ∙ 𝜂𝐵𝑟

or,
𝜂1200 = 6 ∙ 0. 98 ∙ 0. 922 ∙ 𝜂𝑠 ∙ 𝜂𝐵𝑟 = 4. 98 𝜂𝑠 𝜂𝐵𝑟
Similarly, with both belts operating (1800 RPM engine speed), we have:
2
𝜂1800 = 6𝜂𝑅 ∙ 𝜂2𝐵𝑡
∙ 𝜂𝑠 ∙ 𝜂𝐵𝑟

or,
2

𝜂1800 = 5. 88 ∙

𝑃
∙ 𝜂𝑠 𝜂𝐵𝑟
1
𝑃+2 ∙( 𝜂 − 1)
𝐵𝑡
(
)

