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MARINE PROPULSION DEVICES, SYSTEMS 
AND METHODS 

CROSS-REFERENCES 

0001. This application claims the benefit of U.S. Provi 
sional Application 61/389.248, entitled HYBRID PROPUL 
SION DEVICES, SYSTEMS AND METHODS, filed Oct. 3, 
2010, the content of which is hereby incorporated by refer 
ence in its entirety. 

FIELD 

0002 Embodiments of the invention generally relate to 
propulsion and electric generation and storage systems for 
use in marine vessels and, more particularly to hybrid pro 
pulsion systems for marine vessels. 

BACKGROUND 

0003 For many decades, internal combustion engines 
have been used to generate primary or auxiliary propulsive 
power and Supply electricity for onboard loads across abroad 
range of marine vessels. In a typical installation, an internal 
combustion engine (ICE) is coupled to a propeller shaft 
through a transmission that provides forbidirectional propel 
ler rotation in order to provide for ahead (foreword) and astern 
(reverse) propulsive motion of the vessel. In some cases elec 
trical power is generated with the use of the ICE providing 
propulsive power and/or by an auxiliary ICE. For example, in 
smaller vessels, the engine may also be fitted with a generator 
that produces generates electricity for onboard electrical sys 
tems and for charging batteries used to Supply the same 
onboard systems when the ICE is not running. A larger vessel 
may include one or more additional combustion engines fitted 
with generators to Supply power for onboard loads. 
0004. A diesel engine usually operates at its highest effi 
ciency when it is loaded to a point at or near its peak torque 
output (PTO) for any given rotational speed, as shown in FIG. 
1. In marine settings, though, the torque required to turn a 
propeller usually only loads an ICE near its PTO when at or 
near full output, thus leading to losses in ICE efficiency at 
most speed settings. In some cases ICE efficiency can be 
improved by adjusting the pitch of a propeller's blades. How 
ever, an adjustable pitch propeller is mechanically compli 
cated, requires additional maintenance and does not allow for 
an optimal blade shape at all pitch angles. A generator or 
alternator attached to the ICE for supplying electrical power 
and charging batteries can also increase the torque load on the 
ICE. Typical generators and alternators are often too small, 
though, to sufficiently load an ICE when the vessel is station 
ary and the ICE is only charging batteries. In addition, AC 
generators typically installed on larger vessels must run at a 
constant speed (e.g., 50hz or 60hz) to Supply AC power at a 
desired frequency, thus limiting the amount and variability of 
the additional load that can be added to the ICE. 
0005. In some cases efficiencies can begained through use 
of a diesel electric system, in which the ICE is decoupled from 
the propeller shaft and instead connected to an electric gen 
erator. The generator adds load to the ICE and the configura 
tion allows the ICE’s speed to be more easily regulated over a 
broader operating range, thus increasing ICE efficiency. The 
electricity generated is then used to power an electric motor 
connected to the propeller shaft. Efficiency gains are limited 
by losses in converting the ICE rotational energy to electricity 
and back to rotational energy driving the propeller shaft. An 
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additional disadvantage with a diesel electric system is that it 
adds weight and takes up additional space in the vessel. Also, 
a failure of any single component (e.g., ICE, generator or 
electric propulsion motor) renders the system inoperable. 
0006. A serial hybrid system stores excess generator 
capacity in a high capacity battery bank, which can then be 
used later to propel the vessel or power onboard loads. How 
ever, a serial hybrid system also suffers from the losses inher 
ent in converting mechanical energy to electricity and then 
converting the electricity back to mechanical energy for pro 
pulsion. In addition, this type of system adds even more 
weight and takes even more space when compared to a diesel 
electric system. Again, the failure of a single component in 
the system renders it inoperable. 
0007. In a parallel hybrid system, an ICE is coupled to a 
propeller shaft through a transmission that provides for ahead 
and astern propulsive motion of the vessel. An electric motor 
generator is also coupled to the propeller shaft. The motor 
generator can drive the vessel using stored energy from a high 
capacity battery bank and can also generate electricity when 
the vessel is underway or stopped. The generator adds load to 
the ICE and allows the ICE’s speed to be more easily regu 
lated over a broader operating range, thus increasing ICE 
efficiency. The operative connection between the ICE and the 
propeller shaft also avoids electro-mechanical conversion 
losses typical in other systems. A parallel hybrid system also 
only requires a single motor-generator rather than a propul 
sion motor and a separate generator, thus reducing the overall 
space and weight requirements in Some cases. Even so, typi 
cal parallel hybrid systems still occupy more space than tra 
ditional non-hybrid engine installations. For example, the 
motor-generator is usually installed between the ICE and the 
transmission or between the transmission and the propeller, 
which in Some configurations can require up to 6 to 8 addi 
tional inches in length over non-hybrid configurations. This 
can be an issue on any vessel, but is of particular concern in 
sailboats with auxiliary motors, where a desire for more 
usable space results in only very limited room for the auxil 
iary engine installation. 
0008. Some marine propulsion/energy systems also incor 
porate renewable energy sources to Supplement power pro 
vided by an ICE. Common examples include Solar panels and 
wind generators. On sailing vessels, a propeller can also turn 
a motor-generator when under sail. Typically, Such renewable 
energy devices operate independently. For example, one 
device Supplying power may raise the battery Voltage to a 
point where another device's regulator partially or fully cuts 
the power being supplied by the other device. When this 
occurs, available power is lost, as it is not being put to work to 
power on-board systems and/or charge batteries. 

SUMMARY 

0009. Some embodiments of the invention generally pro 
vide mechanical propulsive power for marine vessels and 
generate, store and/or use electric power to propel and/or 
Supply onboard energy needs in marine vessels. According to 
an aspect of the invention, a propulsion system for a marine 
vessel is provided. The propulsion system includes an inter 
nal combustion engine and a first clutch which is operatively 
coupled to the internal combustion engine and an electric 
motor-generator which is also operatively coupled to the first 
clutch. An output shaft is operatively coupled to the electric 
motor-generator and to the internal combustion engine 
through the first clutch. The output shaft is configured to be 
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operatively coupled to a propeller shaft. The propulsion sys 
tem further includes a controller that is electrically coupled to 
the internal combustion engine and to the electric motor 
generator, the controller is configured to adjust the torque 
load of the electric motor-generator based on the rotational 
speed of the internal combustion engine and the peak torque 
output of the internal combustion engine corresponding to the 
rotational speed. 
0010. According to another aspect of the invention, a 
method for propelling a marine vessel is provided. The 
method provides for using control circuitry to determine a 
desired torque output of an internal combustion engine that is 
operatively coupled to an electric motor-generator and a pro 
peller, using the control circuitry to determine the current 
torque output; using the control circuitry to determine a 
torque output change by comparing the desired torque output 
to the current torque output; and using the control circuitry to 
adjust the torque load of the electric motor-generator based on 
the torque output change. 
0011. According to another aspect of the invention, a 
marine propulsion assembly is provided. The propulsion 
assembly includes a frame that has one or more Supports 
configured to attach the frame to a marine vessel. A propeller 
shaft hub is rotatably coupled to the frame and includes an 
interior wall defining an opening adapted to receive a shaft 
operatively coupled to a propeller. The propeller shaft hub 
also includes a fastening mechanism to attach the propeller 
shaft hub to the shaft in a fixed rotational relationship. The 
marine propulsion assembly further includes a coupling 
flange attached to the propeller shaft hub. The coupling flange 
is configured to couple to an internal combustion engine. The 
marine propulsion assembly also includes a transmission that 
is rotatably coupled to the propeller shaft hub and an electric 
motor-generator rotatably coupled to the transmission. 
0012. According to another aspect of the invention, a pro 
pulsion system for a marine vessel includes a marine propul 
sion assembly having a propeller shaft hub that includes an 
interior wall defining an opening which is adapted to receive 
a shaft operatively coupled to a propeller. The assembly 
includes a frame with one or more Supports configured to 
attach the frame to a marine vessel and the propeller shaft hub 
is rotatably coupled to the frame. The propeller shaft hub 
further includes a fastening mechanism to attach the propeller 
shaft hub to the shaft in a fixed rotational relationship. The 
marine propulsion assembly also includes an assembly cou 
pling flange attached to the propeller shaft hub. The assembly 
coupling flange is configured to couple to an internal com 
bustion engine. The marine propulsion assembly further 
includes a transmission that is rotatably coupled to the pro 
peller shaft hub and an electric motor-generator rotatably 
coupled to the transmission. The transmission may include 
two or more pulleys and a belt that rotatably couple the 
electric motor-generator to the propeller shaft hub. The pro 
pulsion system for a marine vessel further includes an internal 
combustion engine including a system coupling flange 
coupled to the assembly coupling flange in a fixed rotational 
relationship. An output shaft is attached to the propeller shaft 
hub and to a propeller. The end of the output shaft is separated 
from the system coupling flange by a distance less than or 
equal to the fore-aft length of the assembly coupling flange. 
0013 Embodiments of the present invention can provide 
one or more of the following features and/or advantages. 
0014. In some cases, an embodiment may provide for 
more efficient power generation and usage for propulsion 

Apr. 5, 2012 

while a marine vessel is under power when compared with 
prior systems. In some cases, an embodiment may provide for 
more efficient generation of powerfor onboard systems while 
the vessel is underway. In some cases, an embodiment may 
facilitate more efficient charging of batteries for future pro 
pulsion usage and/or onboard electrical system usage while 
the vessel is not underway. In some cases, a system is config 
ured to reduce reliance on an ICE by maximizing use of 
available renewable energy sources. In some cases a system is 
provided that integrates the control of propulsion, charge 
storage and onboard power needs into an automated control 
algorithm that maximizes use of renewable sources of power 
and minimizes fossil fuel usage and operator requirements. 
For example, in Some cases a system may be provided that 
fully integrates the ICE, electric motor-generator, batteries 
and renewable charging sources and enables a single charging 
controller to combine the output from renewable and fossil 
fuel produced energy into one single charging current. 
0015. In some cases, a controller can monitor the output 
from renewable charging sources. By feeding each Source 
into a separate DC-DC converter, each Source can be com 
bined into a single common charging source. In addition, each 
Source can be controlled to achieve the greatest possible out 
put under current conditions. For example, Solar panels typi 
cally provide the maximum possible output when loaded to 
approximately 85% of their open circuit voltage. By periodi 
cally measuring the open circuit Voltage, the panel can be 
loaded to its maximum power Voltage. By loading each 
source to its maximum power point under current conditions 
and combining all sources into one charging current, the 
maximum output can be obtained. In some cases the control 
ler is further configured to combine the charging current of 
the electric motor-generator with the charging current of at 
least one renewable energy source in order to charge the 
battery. The controller may be further configured to reduce 
the charging current of the electric motor-generator, as the 
charge level of the battery increases, before reducing the 
charging current of the renewable energy source(s). 
0016. When batteries are at a low state of charge, they can 
be charged with a high current. For example, a charger oper 
ating in a constant current mode is limited by the output of the 
charging source(s). Once the batteries achieve a certain state 
of charge, the terminal Voltage will have risen to a point where 
it is desirable to Switch to a constant Voltage charge mode. 
This avoids possible damage if excessive Voltage is applied. 
Once in this mode, the charge current required will fall as the 
batteries approach 100% of their state of charge. 
0017. In some cases, an embodiment may also extend the 
life of the ICE(s) contained in the vessel. Some embodiments 
provide the benefits of a hybrid propulsion system while also 
reducing or eliminating the weight penalty imposed by 
known hybrid systems. 
0018. In some cases the internal combustion engine may 
rotate the output shaft in only a first direction and the electric 
motor-generator can rotate the output shaft in the first direc 
tion and a second direction. For example, a traditional trans 
mission of a hybrid propulsion system can be replaced by a 
lightweight transmission designed to make the electric motor 
the primary propulsive source. One example includes a trans 
mission that does not have a reversing gear and clutch mecha 
nism. Removing the reversing gear can reduce the complexity 
and weight of the system. Instead, the electric motor-genera 
tor can provide reversing capability by virtue of its ability to 
rotate in either direction efficiently, with no need for gearing 
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or clutches. Thus, the electric motor-generator becomes the 
primary Source of propulsive power for short term maneuver 
ing where quick changes in thrust magnitude and direction 
are often needed. 
0019. Accordingly, the ICE may not used for routine 
maneuvering and shorter distance usage. Instead, it may be 
dedicated to providing power for recharging batteries and for 
providing propulsive power only when the battery capacity is 
substantially depleted. By only running the ICE for periods 
when it has time to warm up and operate at its designed 
operational temperature and by providing adequate loading, 
the ICE’s life is extended and its overall fuel efficiency is 
improved. 
0020. In some cases the electric motor-generator may be 
selectively coupled only to the output shaft, only to the ICE or 
to both. According to Some embodiments, an electric motor 
generator is always coupled to the propeller shaft. With the 
ICE’s transmission in the neutral position, the electric motor 
generator can provide propulsive power to the vessel. When 
the ICE is running and the transmission is engaged in forward 
or aft engagement, the electric motor-generator can absorb 
Some of the available ICE rotational energy, thus Supplying an 
electrical charging current to the batteries. 
0021. In some cases a controller is programmed to shut 
down the ICE anytime the boat is moving at, or below, a 
predetermined speed. The ICE is restarted and reengaged at, 
or above, a predetermined speed. This is useful in planing 
vessels, such as runabouts or sport fishermen. It can reduce 
fuel consumption and increase the life of the ICE by elimi 
nating periods of idling in neutral or motoring at slow speeds, 
Such as trolling. In addition, the electric motor-generator can 
provide extra torque to get the vessel up on plane and/or attop 
speed. Thus, a smaller ICE can be used, further reducing fuel 
consumption. 
0022. In some cases, the controller may be configured to 
adjust the torque load of the electric motor-generator in order 
to load the internal combustion engine with a torque that is 
within about 30% of the peak torque output corresponding to 
a particular rotational speed. In some cases, the controller 
may be configured to adjust the torque load of the electric 
motor-generator to load the internal combustion engine with 
a torque that is within about 10% of the peak torque output 
corresponding to a rotational speed. In some cases, the con 
troller may be configured to adjust the torque load of the 
electric motor-generator to load the internal combustion 
engine with a torque that is Substantially the same as the peak 
torque output corresponding to a rotational speed. 
0023. In some cases, the controller may be configured to 
adjust the torque load of the electric motor-generator based on 
a propeller torque load. As just one example, the propulsion 
system may include a propeller shaft operatively coupled to 
the output shaft and a propeller operatively coupled to the 
propeller shaft, so that the propeller torque load corresponds 
to the torque load of the propeller at the rotational speed. In 
Some cases, the propeller may be a variable pitch propeller 
and the controller is further configured to adjust the pitch of 
the propeller's blades. 
0024. In some cases, a second clutch may be operatively 
coupled between the electric motor-generator and the output 
shaft to disengage the output shaft, the propeller shaft, and the 
propeller from the electric motor-generator and the internal 
combustion engine. The controller may be further configured 
to provide three operational configurations: a first configura 
tion in which the first clutch is engaged and the second clutch 
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is disengaged, to generate electricity with the internal com 
bustion engine and the electrical motor-generator, a second 
configuration in which the first clutch is disengaged and the 
second clutch is engaged, for driving the propeller with only 
the electric motor-generator, and a third configuration in 
which the first clutch is engaged and the second clutch is 
engaged, for driving the propeller with the internal combus 
tion engine and/or the electric motor-generator. 
0025. In some cases, the propulsion system may include at 
least one battery electrically coupled to the electric motor 
generator, where the controller is further configured to oper 
ate the electric motor-generator with the battery; start the 
internal combustion engine to charge the battery when the 
battery reaches a first charge level; and stop the internal 
combustion engine when the battery reaches a second charge 
level. In some cases, the controller is further configured to 
start the internal combustion engine when the propulsion 
system is moving the marine vessel faster than a first speed 
and to stop the internal combustion engine when the vessel is 
moving slower than the first speed. In some cases, the con 
troller is further configured to adjust the torque load of the 
electric motor-generator by adjusting a value of a charging 
current of the electric motor-generator. 
0026. In some cases a method of propelling a marine ves 
sel includes adjusting a torque load based on a desired torque 
output that may be the peak torque output of the internal 
combustion engine for any given rotational speed. Determin 
ing a current torque output may include determining the 
torque load of the propeller. The propeller may also include a 
plurality of variable pitchblades, and determining the current 
torque output may further include adjusting the pitch of the 
variable pitchblades in order to adjust the torque load of the 
propeller. 
0027. In some cases, a method for propelling a marine 
vessel may include charging a battery with a charge current 
produced by the electric motor-generator. Charging the bat 
tery may also include charging the battery with a charge 
current produced by a renewable energy source and reducing 
the electric motor-generator charge current in order to maxi 
mize the charging with the renewable energy source charge 
current. In some cases, a method for propelling a marine 
vessel may include monitoring the charge level of a battery 
coupled to the electric motor-generator, running the internal 
combustion engine to charge the battery when the battery 
reaches a first charge level; and stopping the internal combus 
tion engine when the battery reaches a second charge level. A 
method for propelling a marine vessel may include monitor 
ing the speed of the marine vessel; running the internal com 
bustion engine when the marine vessel is moving faster than 
a first speed; and stopping the internal combustion engine 
when the marine vessel is moving slower than the first speed. 
In some cases, a method for propelling a marine vessel may 
also include using the control circuitry to adjust the torque 
load of the electric motor-generator by adjusting a value of the 
charging current of the electric motor-generator. 
0028. In some cases, the transmission of a marine propul 
sion assembly may include two or more pulleys and a belt that 
rotatably couple the electric motor-generator to the propeller 
shaft hub. The transmission ratio may be selected to substan 
tially match the electric motor-generator output speed to a 
desired speed for the shaft operatively coupled to a propeller. 
In some cases the fore-aft distance required by the coupling 
flange and the propeller shaft hub of a marine propulsion 
assembly is less than about four inches. In some cases, the 
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coupling flange of the marine propulsion assembly is adapted 
to replace an existing propeller shaft coupling flange. In some 
cases, the assembly coupling flange of the propulsion system 
for a marine vessel may include a coaxial bore. The end of the 
output shaft is separated from the system coupling flange by 
a distance less than the fore-aft length of the assembly cou 
pling flange. 
0029. In some embodiments, the controller is capable of 
reading a computer-readable medium that is used to store 
computer executable instructions. The controller may use the 
computer executable instructions when it is controlling the 
internal combustion engine, the battery, the electric motor 
generator or a renewable source of electricity to optimize the 
efficiency of the internal combustion engine according to the 
embodiments, features or specifications disclosed herein. In 
Some cases, the controller may include a computer-readable 
storage medium storing Such executable instructions and/or 
information characterizing the peak torque output of the inter 
nal combustion engine for a plurality of rotational speeds. 
0030. In some cases a marine propulsion assembly 
includes a frame and coupling configuration that allows it to 
be installed in a compact space with a minimum of additional 
weight. In some cases, a marine propulsion assembly is con 
figured to be retrofitted into an existing engine bed. Such as on 
a sailing vessel. 
0031. An advantage of retaining an ICE in a hybrid pro 
pulsion system is the higher energy density of fossil fuels 
compared to the energy density of current battery technology. 
This gives the ICE a decided advantage for powering a marine 
vessel over longer distances. In other situations, the opera 
tional properties of an electric motor provide advantages over 
an ICE. These properties include quiet operation, ability to 
rotate in both clockwise and counterclockwise direction effi 
ciently, the ability to rotate at much lower speeds, the ability 
to generate high torque from virtually Zero speed to full rated 
speed, no need to operate at a minimum idle speed in order to 
remain operational (a minimum idle speed wastes fuel), and 
the instant availability of power with no starting and warm up 
period. A low rotating mass combined with full torque at all 
speeds, also results in rapid acceleration. In addition, an elec 
tric motor has the ability to produce torque far in excess of its 
continuous torque rating for short periods of time. 
0032. These and other characteristics give an electric 
motor advantages for maneuvering and other forms of short 
distance operation. For example, these characteristics can be 
useful when entering and leaving a dock or pier and when 
anchoring or maneuvering in tight quarters, such as entering 
a marina slip. The slow speed capability is also useful in 
certain situations such as fishing (e.g., trolling). The quiet 
operation makes for easier communication both for normal 
conversation and when coordinated crew activities are 
needed. Such as when docking or anchoring. 
0033. These and various other features and advantages 
will be apparent from a reading of the detailed description. 
The above Summary of various embodiments, features, and/ 
or advantages is not intended to describe each illustrated 
embodiment or every implementation of the invention. 
Rather, the illustrated embodiments are chosen and described 
so that others skilled in the art may appreciate and understand 
the principles and practices of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034. The following drawings are illustrative of particular 
embodiments of the present invention and therefore do not 
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limit the scope of the invention. The drawings are not to scale 
(unless so stated) and are intended for use in conjunction with 
the explanations in the following detailed description. 
Embodiments of the present invention will hereinafter be 
described in conjunction with the appended drawings, 
wherein like numerals denote like elements. 
0035 FIG. 1 is a graph relating torque output and rota 
tional speed of an internal combustion engine used in a 
marine propulsion system. 
0036 FIG. 2 is a block diagram of a marine propulsion 
system according to Some embodiments of the invention. 
0037 FIG. 3 is a block diagram of a marine propulsion 
system including a control system in accordance with an 
embodiment of the invention. 
0038 FIG. 4 is a block diagram of a battery charging 
scheme for a marine propulsion system in accordance with an 
embodiment of the invention. 
0039 FIG. 5 is a flow diagram illustrating a method for 
adjusting the torque load within a marine propulsion system 
in accordance with an embodiment of the invention. 
0040 FIGS. 6A and 6B are perspective and side views, 
respectively, of a marine propulsion system in accordance 
with an embodiment of the invention. 
004.1 FIGS. 7A-7C are side and perspective views of a 
marine propulsion assembly in accordance with an embodi 
ment of the invention. 
0042 FIGS. 8A-8D are various views of an electric motor 
generator coupling assembly in accordance with an embodi 
ment of the invention. 
0043 FIGS.9A-9E are side and perspective views, and an 
exploded assembly view of a shaft hub, coupling flange, and 
transmission pulley of the electric motor-generator coupling 
assembly of FIGS. 8A-8D. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0044) The following detailed description is exemplary in 
nature and is not intended to limit the scope, applicability, or 
configuration of the invention in any way. Rather, the follow 
ing description provides some practical illustrations for 
implementing exemplary embodiments of the present inven 
tion. Examples of constructions, materials, dimensions, and 
manufacturing processes are provided for selected elements, 
and all other elements employ that which is known to those of 
ordinary skill in the field of the invention. Those skilled in the 
art will recognize that many of the noted examples have a 
variety of suitable alternatives. 
0045. Throughout the specification, any references to such 
relative terms as top, bottom, fore, aft and the like, are 
intended for convenience of description and are not intended 
to limit the present invention or its components to any one 
positional or spatial orientation. It will be further understood 
that various dimensions of the components in the figures may 
vary depending upon specific applications and intended use 
of the invention without departing from the scope of the 
invention. 
0046 FIG. 2 is a block diagram of a marine propulsion 
system 100 according to some embodiments of the invention. 
The propulsion system 100 generally includes an internal 
combustion engine (ICE) 102 operatively coupled with an 
electric motor-generator 106 to drive a propeller 112, and thus 
can in some cases be referred to as a hybrid propulsion sys 
tem. A typical Small marine diesel engine can be a Yanmar 
3YM20 or a Volvo D1-30. The ICE 102 is operatively coupled 
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to the electric motor-generator 106 through a first clutch 
104A and a common shaft 107. For example, first clutch 
104A can selectively and rotatably couple a drive shaft or fly 
wheel of ICE 102 to the common shaft 107. The electric 
motor-generator 106 is operatively coupled to the common 
shaft 107 without a clutch. In some cases it may be coupled by 
gears, belts or directly, as in the case where the common shaft 
107 passes through the motor-generator's rotor. 
0047. The electric motor-generator 106 is operatively 
coupled to an output shaft 108 through the common shaft 107 
and a second clutch 104B. Output shaft 108 transfers the 
propulsive power of the drive system (including the ICE 102 
and the electric motor-generator 106) to the propeller 112 
either directly or indirectly, depending upon the configuration 
of the particular marine vessel in which the system 100 is 
installed. In some cases the output shaft 108 is configured to 
be coupled to a separate propeller shaft 110, which is the drive 
shaft directly connected with the propeller 112. The coupling 
between the output shaft 108 and the propeller shaft 110 can 
be a direct attachment oran indirect coupling, e.g., through an 
inboard transmission having gears, belts, pulleys and the like. 
This allows for matching the output shaft speed range to any 
desired propeller shaft speed range. In a simple example, the 
output shaft 108 may be the same as the propeller shaft 110 
and be directly connected to the propeller 112. 
0048. Through discrete use of clutches 104A and 104B, 
the electric motor-generator 106 can be selectively coupled to 
only the output shaft 108, to only the ICE 102 or to both the 
output shaft 108 and to the ICE 102 at the same time. Accord 
ingly, the propulsion system 100 can provide at least three 
operational configurations. In a first configuration, the first 
clutch 104A is engaged and the second clutch 104B is disen 
gaged, thus coupling the ICE 102 to the electric motor-gen 
erator 106 to generate electricity to provide system power and 
charge a battery 116. In a second configuration, the first clutch 
104A is disengaged and the second clutch 104B is engaged, 
thus allowing the electric motor-generator 106 to drive the 
propeller 112 independently of the ICE 102. In some cases 
this configuration also enables extracting power from the 
rotating propeller, such as when a vessel is under sail. In a 
third configuration, the first clutch 104A is engaged and the 
second clutch 104B is engaged. This configuration enables 
the ICE 102 and/or the electric motor-generator 106 to drive 
the propeller 112. 
0049. While FIG. 2 illustrates the use of the first and 
second clutches 104A, 104B, in some cases one or both of 
these clutches are optional and may not be used. For example, 
in Some cases the electric motor-generator 106 may be 
directly coupled to the ICE 102 in a fixed rotational relation 
ship without a clutch. In some cases the electric motor-gen 
erator 106 may be directly coupled to the propeller 112 with 
out a clutch. In addition, the first and second clutches 104A, 
104B can take any suitable form and those skilled in the art 
will appreciate that a number of designs are possible. In some 
cases a “dog” clutch is provided as will be described further 
herein. 
0050 Marine propulsion systems typically include a 
transmission that includes at least a clutch that enables an 
operator to disengage an ICE from the propulsion system and 
a reversing gear that enables an ICE to drive the vessel in 
multiple directions. Referring to the embodiment in FIG.2, in 
Some cases the propulsion system 100 optionally does not 
include a traditional transmission that would normally enable 
the ICE to propela vessel both ahead and astern. For example, 
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the system 100 may include a “lightweight transmission that 
simply provides one or more speeds in a single direction. In 
such a case, the output shaft 108 is rotatable by the ICE 102 in 
only a first direction. However, the output shaft 108 is rotat 
able by the electric motor-generator 106 in both the first 
direction and an opposite second direction (e.g., clockwise 
and counterclockwise). Accordingly, the propulsion system 
100 can use the electric motor-generator 106 to provide 
reversing capability by virtue of its ability to rotate in either 
direction efficiently, with no need for gearing or clutches. 
Thus, the electric motor can be the primary Source of propul 
sive power for short term maneuvering where quick changes 
in thrust magnitude and direction are often needed. The omis 
sion of an additional clutch and reversing gear canthus reduce 
the complexity, cost and weight of the propulsion system 100. 
0051. In some cases the propeller 112 may optionally be a 
variable pitch propeller to provide additional functionality 
and benefits. For example, a variable pitch propeller can be 
used to provide aft thrust by reversing the propeller blades. 
This could allow the ICE 102 to generate aft thrust without the 
use of a bi-directional transmission. In addition, the blade 
pitch can be adjusted to provide additional torque which may 
be needed in certain situation, Such as, for example, driving 
into very strong wind and wave conditions. In the case of a 
sailboat, the blade pitch can be adjusted to either provide for 
the most efficient battery charging while under sail, or 
adjusted to minimize drag, and thus improve sailing effi 
ciency. 
0052. Different coupling configurations between the ICE 
102, the motor-generator 106, and the propeller 112 provide 
distinct functional characteristics. For example, when the 
electric motor-generator is coupled only to the output shaft 
108 and propeller 112, the electric motor-generator 106 is the 
only source of propulsive power. It can rapidly drive from full 
power ahead to full power astern with no shifting. In addition, 
it can charge the battery 116 and provide system power in a 
sailboat when under sail by extracting power from the rotat 
ing propeller. 
0053. In a coupling configuration where the electric 
motor-generator 106 is only coupled to the ICE 102, the 
electric motor-generator 106 can be used to start the ICE 102. 
The electric motor-generator 106 can also function as a gen 
erator charging the battery 116. This coupling configuration 
allows for battery charging while the vessel is not in motion 
and without access to shore power, such as when riding at 
anchor. 

0054. In a coupling configuration where the electric 
motor-generator 106 is coupled to both the ICE 102, and to 
the propeller shaft 110, the electric motor-generator 106 can 
be used to start the ICE 102 and the electric motor-generator 
106 can also function as a generator for charging the battery 
116 while the vessel is underway by means of the ICE 102. As 
will be discussed in more detail, in this coupling configura 
tion the electric motor-generator 106 can be used to add an 
advantageous amount of load to the ICE 102, such that the 
propulsive load and the generating load combine to optimally 
load the ICE 102. Improving the load on the ICE 102 can 
minimize overall fuel consumption and extend the internal 
combustion engine's 102 service life. When the vessel is 
stopped, and charging is not desired, the ICE 102 can be 
turned off. The ICE 102 can then optionally serve as a brake 
to stop propeller rotation which minimizes wear on the shaft 
seal and Support bearing. 
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0055 Through careful design, embodiments including 
propulsion system 100 can be constructed so as to occupy 
Substantially the same space, and to weigh Substantially the 
same, as a traditional marine propulsion system including an 
ICE and transmission. In addition, increased efficiency will 
permit a reduced fuel load while maintaining Substantially the 
same range and electrical power generating capability. The 
reduction in fuel load can substantially offset the battery 
weight for electrical power storage. Further, in typical tradi 
tional installations, an ICE is sized for use in extreme condi 
tions, such as avoiding another vessel or navigating against a 
strong current in a narrow channel. By sizing the ICE 102 to 
deliver only full power needed under normal usage, a smaller 
and lighter engine may optionally be used. In such a case, the 
electric motor-generator 106 can provide the additional 
torque needed for extreme situations. The result may be a 
substantial overall weight reduction. 
0056 Referring again to FIG. 1, an ICE produces power 
more efficiently when it can be loaded more closely to its 
PTO. In addition, peak efficiency occurs only over part of the 
ICE rotational speed range. Therefore, maximum efficiency 
can be obtained by substantially loading the ICE to a point at 
or near its PTO and operating within its most efficient rota 
tional speed range. Some embodiments provide a control 
system that can vary the torque load on the ICE based on 
information Such as a design torque vs. rotational speed curve 
for a specific ICE, propeller torque load under current condi 
tions, ICE rotational speed, available torque from the electric 
motor-generator, battery state of charge, electrical power 
load, and other types of information. 
0057 FIG. 3 is a block diagram of a marine propulsion 
system 200 including a control system 202 in accordance 
with an embodiment of the invention. The propulsion system 
200 incorporates the embodiment shown in and described 
with respect to FIG. 2, including the electric motor-generator 
104 coupled between the ICE 102 and the propeller 112 
through first and second clutches 104A, 104B. The propul 
sion system 200 includes one or more batteries 116 electri 
cally connected to the electric motor-generator 106, and a 
controller 118 electrically connected to the system 200. The 
controller 118 generally directs the operation of one or more 
components within the propulsion system 200, and may 
optionally provide or communicate through a user interface 
205 to allow a human operator to configure and/or control the 
propulsion system 200. For example, the user interface 205 
can be wholly or partially computer-generated and/or may 
include physical control Switches, levers, buttons, and other 
indicators, including, for example, a throttle quadrant and/or 
a mode selector. 

0058. The controller 118 can be provided by hardware, 
Software, or a combination of hardware and Software. As 
shown in FIG. 3, the controller 118 is illustrated having pro 
cessing circuitry 206 and memory 208 that stores instructions 
for execution by the processing circuitry 206. The processing 
circuitry 206 can be any Suitable computer processor (e.g., a 
microprocessor, microcontroller, central processing unit, 
etc.). The memory 208 can be any suitable physical, non 
transitory (i.e., not a signal perse) memory component, Such 
as Volatile or non-volatile memory, including various types of 
RAM and/or ROM, disk, tape, CD, and/or DVD storage. The 
controller 118 may also or alternatively be implemented as a 
hardware circuit comprising custom VLSI circuits or gate 
arrays, off-the-shelf semiconductors such as logic chips, tran 
sistors, or other discrete components. Controller 118 may 
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also be implemented in programmable hardware devices Such 
as field programmable gate arrays, programmable array logic, 
programmable logic devices or the like. 
0059. The control system 202 includes several control and 
information lines connecting the controller 118 to various 
components within the propulsion system 200. For example, 
the controller 118 is in communication with the ICE 102 and 
receives information from the ICE Such as engine speed and 
fuel consumption. The controller also sends a speed control 
signal to the ICE 102 to control the rotational speed of the 
ICE. The controller 118 is also in communication with the 
electric motor-generator 104, receiving information Such as 
the speed and current of the motor-generator and optionally 
providing control signals to the motor-generator 104. The 
controller may optionally be electrically coupled to a number 
of other components within the propulsion and/or control 
systems. For example, the propulsion and/or control systems 
may include one or more sources 210 of renewable energy, 
Such as a wind turbine or Solar panel. The propulsion and/or 
control systems may in Some cases include one or more 
sensors for gathering and communicating information about 
system components to the controller 118. One example 
includes a torque sensor 212 that senses the torque load of the 
electric motor-generator 104 and/or the torque load of the 
propeller 112. Another example is a communication line 
between the controller 118 and one or more rechargeable 
batteries 116, which can allow the controller to monitor the 
battery Voltage and power levels. In addition, although not 
shown, the controller 118 may optionally be coupled to the 
first and/or the second clutch 104A, 104B to provide auto 
matic clutching between the electric motor-generator, the 
ICE, and/or the propeller. 
0060. The controller 118 is preferably (though not neces 
sarily) configured to vary the torque load presented by the 
electric motor-generator 106 to the ICE 102. For example, the 
controller 118 may increase or decrease the torque generated 
by the electric motor-generator 106 in order to load the ICE 
102 to a point near or at the ICE’s peak torque output (PTO) 
for a given rotational speed. In some cases the controller 118 
has access to information (e.g., stored on memory 208) char 
acterizing the peak torque output of ICE 102 for a plurality of 
rotational speeds. The controller 118 can then determine a 
desired torque output or load (e.g., at or near PTO) for a 
particular rotational speed using the ICE’s torque informa 
tion. In some cases the desired torque output may be substan 
tially the same as the PTO of the ICE. However, several other 
ranges of torque output near to, but below PTO may also be 
satisfactory. For example, in some cases the desired torque 
output may be within about 30% of the PTO. In some cases 
the desired torque output may be within about 10% of the 
PTO. 

0061. By determining the current torque output, the con 
troller can determine a change in torque output that should be 
made to adjust the torque load on the ICE nearer to the desired 
torque output. In some cases the controller 118 can adjust the 
torque load on the ICE by modifying the charging current of 
the electric motor-generator. Since motor-generator torque 
load is proportional to charging current, the charging torque 
can be adjusted by using the controller 118 to change the 
electric motor-generator's charging current according to the 
calculated change. 
0062. In some cases the controller 118 can optionally be 
configured to determine the torque adjustment based on the 
current propeller torque load. For example, in some cases an 
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automatic control algorithm (e.g., a proportional-integral 
derivative (PID) control algorithm) can determine the desired 
torque adjustment for a given speed using the following rela 
tionship: 

PTO-propeller torque load=torque available for 
charging. 

0063. In some cases, the controller 118 is programmed to 
only run the ICE 102 when it can be loaded near to or sub 
stantially PTO and to shut it down when conditions are oth 
erwise. This operating scheme can provide efficient propul 
sion and electrical generation for storing in batteries. For 
example, in Some cases the controller 118 is programmed to 
shut down the ICE 102 anytime the vessel is moving at, or 
below, a predetermined speed. The ICE 102 is restarted and 
reengaged at, or above, a predetermined speed. This is useful 
in planing vessels, such as runabouts or sportfishermen. It can 
reduce fuel consumption and increase the life of the ICE by 
eliminating periods of idling in neutral or motoring at slow 
speeds. Such as trolling. In addition, the electric motor-gen 
erator 106 can provide extra torque to get the vessel up on 
plane and/or at top speed. Thus, a smaller ICE can be used, 
further reducing fuel consumption. 
0064. In some cases, the one or more batteries 116 are of 
the type that can be charged and discharged efficiently (e.g., 
TPPL or LiFePO4 chemistries) so that the vessel can be 
operated over long distances in a mode where the ICE 102 
runs long enough to recharge the batteries 116. After charging 
batteries 116 with the ICE 102, the controller 118 shuts down 
the ICE 102 and the electric motor-generator 106 runs until 
the batteries 116 are depleted to a predetermined level. At this 
point, the ICE 102 can be started again and run in a optimally 
loaded state until the batteries 116 are recharged. The con 
troller 118 can repeat this cycle for as long as necessary. 
According to this example, this mode reduces the likelihood 
that the ICE 102 will be operated for short periods and is 
preferably optimally loaded when it does run. Accordingly, 
this control mode can provide for increased fuel economy and 
extended ICE life. 
0065 FIG. 4 is a block diagram of a battery charging 
scheme 300 for a marine propulsion system in accordance 
with an embodiment of the invention. As just one example, 
the propulsion system 200 illustrated in FIG. 3 can carry out 
the charging scheme 300. In this example, the controller 118 
acts as a single charging controller that integrates the ICE 
102, electric motor-generator 104, batteries 116 and renew 
able charging sources such as renewable sources 204 and the 
propeller's regenerative power. The controller 118 thus com 
bines the output from multiple renewable and fossil fuel 
energy sources into one single charging current that is deliv 
ered to the batteries 116. 
0.066. In traditional piece meal systems, one charging 
Source can and often does raise the battery Voltage to a point 
where the regulators in the other devices think the battery is 
fully charged and stop contributing charge current, even 
though they could. For example, the regulated output Voltage 
from the ICE’s generator might be high enough to exceed the 
full charge Voltage setting of a wind generator. In some cir 
cumstances, the wind generator may stop providing any 
charge current. Under this condition, more fossil fuel than 
necessary will be burned because the available energy from 
the wind generator is not utilized. A similar condition can and 
does occur when combining the outputs of multiple renew 
able sources. For example, when Solar panels are connected in 
parallel, the one with even a very slightly lower charging 
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Voltage will not contribute current. By employing a controller 
that monitors each separately and combines their output into 
one common charging current, this limitation can be avoided 
and each source can contribute to the fullest extent possible at 
any given time. 
0067. Returning to FIG.3, it should be appreciated that the 
controller 118 can provide one, two, a few, or many control 
modes for operating the propulsion system 200 depending 
upon the desired complexity and number of features for a 
particular implementation. FIG. 5 is a flow diagram illustrat 
ing one method 400 for adjusting the torque load within a 
marine propulsion system in accordance with an embodiment 
of the invention. The method 400 includes determining 302 
(e.g., with the controller 118) a desired torque output of the 
ICE 102 and determining 304 a current torque output of the 
system. The method 400 (e.g., implemented by the controller 
118) then determines 306 a desired change in torque output by 
comparing the desired torque output to the current torque 
output. After determining the desired change, the torque load 
of the electric motor-generator 106 is adjusted 308 based on 
the torque output change. 
0068. In some cases the controller 118 may optionally 
implement the method 400 as part of a control mode corre 
sponding to underway propulsion and charging. As noted 
above, an ICE produces power most efficiently when loaded 
at a point near or at its PTO. Additionally, peak efficiency 
occurs only over part of its rotational speed range. Therefore, 
maximum efficiency can be obtained by loading the ICE 102 
to a point at or near its PTO and operating within its most 
efficient rotational speed range. The controller 118 can 
accomplish this by basing operation on several pieces of 
sensed and/or received information, Such as, for example, 
design torque VS. rotational speed curve for the specific ICE, 
propeller torque load under current conditions and current 
rotational speed, battery state of charge (SOC) and/or current 
electrical power load. In some cases all but the propeller 
torque load are readily acquired using low cost sensing 
means. The propeller torque can optionally be measured 
directly through the use of torque sensors or inferred through 
knowledge of the system and measurement of other available 
data. 

0069. As shown in FIG. 3, a torque sensor 212 can be 
employed such that propeller 112 torque is directly measured 
in real time. Torque applied to the motor-generator 106 can 
also be measured directly through the use of properly placed 
torque sensors. By making the ICE’s torque versus rotation 
speed curve available to the controller 118, the proper charg 
ing torque load can be easily calculated by Subtracting mea 
sured propeller load from PTO, as shown in the relationship 
above. Since motor-generator torque load is proportional to 
charging current, the charging torque is adjusted by adjusting 
the charging current to the calculated difference. 
0070. In some cases the propeller torque data can be 
inferred rather than measured. In one case, a calibration can 
occur. Since motor torque is proportional to motor current, 
propeller torque load can be inferred by driving the propeller 
112 with the electric motor-generator 106. By doing this at 
various speeds, and recording the data (e.g., in memory 208), 
a table of values can be generated that provides the propeller 
torque load at multiple speeds. In addition, points between the 
measured points can be derived by extracting a mathematical 
formula that fits the data or by some means of interpolation 
between points. In some cases a more accurate measurement 
can by acquired by measuring vessel speed in conjunction 
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with motor current and rotational speed. If done in varying sea 
conditions, such as calm flat water, motoring into wind and 
seas and motoring with wind and wave conditions, a model 
with greater accuracy in varying conditions can be generated. 
In Some cases, the torque load can be inferred from the engine 
manufacturer's specifications and from the boat and/or pro 
peller manufacturer's specifications. 
0071. Accordingly, one or more of these control methods 
can be used to load the ICE 102 such that it will operate more 
efficiently at any given shaft rotational speed when the bat 
teries 116 can accept the full rate of charge required. Of 
course other methods can be employed in measuring or esti 
mating the propeller torque load. As an excessive torque load 
can lead to damage to the ICE 102, it can be helpful to apply 
an appropriate safety margin to the charging torque load 
command. This margin should be based on an analysis of the 
accuracy of the method employed. 
0072. In some cases the controller 118 may optionally 
implement another control mode corresponding to charging 
the batteries 116 when not underway. In this control mode, the 
controller 118 is free to set the rotational speed of the ICE 102 
because the second clutch 104B can be disengaged. When the 
batteries 116 are at a low charge state, the ICE 102 is com 
manded to run at the upper end of the highest efficiency part 
of its operating envelope. 
0073. In a representative example including a Kubota 
Z602-E3B engine, this range is from 1800 RPM to 2800 
RPM. As such, the controller 118 initially loads the ICE 102 
to a point at or near the PTO level corresponding to 2800 
RPM. This will produce the maximum power at the minimum 
fuel consumption/watt produced, resulting in a minimum 
charging time period consistent with minimizing fuel con 
Sumption. As the battery charge state rises to a point where it 
will not accept charge at this rate, the controller 118 can 
reduce the rotational speed of the ICE, while also adjusting 
the torque load to remain at or near the PTO corresponding to 
the new rotational speed (e.g., with the method 400). Thus, 
highly efficient charging is maintained over a large segment 
of the battery charging profile. 
0074. In some cases the controller 118 may optionally 
implement other control modes. For example, once the ICE 
102, electric motor-generator, and battery 116 are operating 
out of the charging range where PTO can be maintained, a 
number of strategies can be used to maximize use of renew 
able energy sources and minimize ICE fuel usage. In some 
cases, the ICE can be shut down and the vessel can continue 
underway by drawing power from the batteries for propulsion 
via the electric motor-generator 106 and for onboard (house) 
needs. This can continue until the batteries 116 are discharged 
to a predetermined point. At this point, the ICE 102 can be 
restarted to begin the cycle over again. 
0075. In some cases, the controller 118 can monitor the 
output from multiple renewable charging sources and feed 
each source into a separate DC-DC converter so as to combine 
each source into one common charging Source. Accordingly, 
each source can be independently controlled to achieve the 
greatest possible output under current conditions. For 
example, Solar panels typically provide the maximum pos 
sible output when loaded to approximately 85% of their open 
circuit Voltage. By periodically measuring the open circuit 
Voltage, the panel can be loaded to its maximum power point 
Voltage. By loading each source to its maximum power point 
under current conditions and combining all sources into one 
charging current, an increased output can be obtained. 
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0076. In some cases the batteries 116 can be charged with 
a high current when the batteries 116 are at a low state of 
charge. For example, in some cases the charger will be oper 
ating in a constant current mode limited by the output of the 
charging source(s). Once the batteries 116 achieve a certain 
state of charge, the terminal Voltage will have risen to a point 
where it is desirable to Switch to a constant Voltage charge 
mode. Switching can help avoid damage possible if excessive 
Voltage is applied. Once in this mode, the charge current 
required will fall as the batteries approach 100% charged. 
Once the current has fallen to a point where the renewable 
sources can supply the required current, the ICE 102 can be 
shut down. In some cases the renewable sources are prefer 
ably kept at full current output until the ICE’s current is not 
needed. To gain greater efficiency, the ICE 102 can in some 
cases be shut down as soon as its loading is reduced below 
PTO at a predetermined minimum rotational speed. The pre 
determined speed can be based on an efficiency determina 
tion. 
0077. For any particular control mode, the controller 118 
can be configured via hardware or software programming to 
interact with and control the operation of the system compo 
nents to provide the particular mode. Further, in some cases a 
Switch or other mechanism (e.g., provided as part of interface 
205) can allow manual selection of one or more provided 
control modes. In some cases, the Switching mechanism can 
allow for selecting one of three operating modes: an auto 
matic algorithm, a manual override, or an “off” mode, which 
prevents the ICE from running. Renewable charging sources 
can remain active in the off mode, or can also be disabled. 
0078 Examples of other control modes that can be pro 
vided by the controller 118 include, but are not limited to 
following: 
0079 A starting sequence for starting the ICE 102 when 
not underway. 
0080 A starting sequence for starting the ICE 102 when 
underway. 
I0081. A control sequence that decouples the ICE 102 from 
the electric motor-generator 106 anytime reverse or aft thrust 
is needed. 
I0082. A control sequence that regenerates power by 
extracting power from the turning propeller 112 (e.g., in a 
sailboat while sailing). The propeller 112 of a vessel moored 
oranchored can also be turned by a significant current or tidal 
flow. 

0083. A controller 118 that works to extract the maximum 
power available from renewable resources, such as wind and 
Solar. 

I0084. A controller 118 that selectively reduces power 
derived from shore power or the ICE 102 in favor of renew 
able sources when more than enough total power is available 
to meet battery charging and load needs. 
I0085. A control algorithm that optimizes fuel efficiency of 
the ICE 102 when underway by adjusting the charging current 
provided by the motor-generator 106 to load the ICE 102 to its 
optimal efficiency point for any given engine rotational 
speed. 
I0086 A control algorithm that optimizes torque loading 
and engine speed of ICE 102 to achieve maximum fuel effi 
ciency when not underway and when charging batteries 116. 
0087 An automatic propulsion and charging algorithm 
that works to optimally start, run and stop ICE 102 to achieve 
maximum fuel efficiency when underway. 
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0088 An automatic charging algorithm that works to opti 
mally start, run and stop ICE 102 to achieve maximum fuel 
efficiency when not underway. 
0089. An automatic charging algorithm that selectively 
decreases charging current from shore power or ICE 102 
before reducing charging current from renewable sources 
when more charging current is available than can be absorbed 
by batteries 116. 
0090. A manual override mode for an automatic propul 
sion and charging algorithm to allow an operator to start and 
run the ICE 102 when the automatic sequence may not call for 
starting the ICE 102. This can be useful when the operator 
anticipates a significant time underway and wants to make 
sure that the batteries 116 are fully charged on arrival. It is 
also useful when the operator wants to start a battery charging 
sequence at a convenient time, so that it does not run later 
when sleeping or entertaining, for example. 
0091. A control algorithm that allows the electric motor 
generator to provide additional propulsive power for extreme 
conditions, such as collision avoidance or navigating against 
a strong current, thus allowing for a lighter overall system. 
0092. A control algorithm that automatically stops the ICE 
when at, or below, a predetermined speed and restarts the ICE 
when at, or above, a predetermined speed. 
0093. A control algorithm that can assistan ICE in accel 
erating a vessel to a planing speed and can add torque to allow 
for a higher top speed, thus reducing the size and weight of the 
ICE. 

0094 FIGS. 6A and 6B are perspective and side views, 
respectively, of a marine propulsion system 500 in accor 
dance with an embodiment of the invention. The propulsion 
system 500 is similar in many respects to the propulsion 
system 200 shown in FIG.3. In this embodiment, the ICE 502 
includes a standard ICE transmission 504, which in some 
cases optionally includes a reversing gear and clutch. The 
propulsion system 500 also includes a marine propulsion 
assembly 600 that provides an electric motor-generator 601 
and operatively couples the motor-generator 506 to the pro 
pulsion system 500. In certain cases the marine propulsion 
assembly 600 can be considered a “retrofit propulsion 
assembly because it is configured to couple into an existing 
standard marine propulsion system (e.g., in which an ICE is 
the only source of propulsion) already onboard a vessel. 
0095. The propulsion assembly 600 generally includes a 
frame 602 and may optionally include support arms 604 
configured to attach to the existing ICE 502 drive system. As 
will be discussed further herein, the propulsion assembly 600 
includes a propeller shaft hub 606 rotationally attached and 
fixed to an assembly coupling flange 608. The term “propeller 
shaft hub' is used to indicate that the shaft hub 606 is con 
figured to receive and couple to a propeller shaft and/or 
another shaft that couples to the propeller shaft and propeller. 
For example, upon installing the retrofit assembly 600 within 
an existing propulsion system, the propeller shaft hub 606 in 
Some cases is configured to receive and couple to an existing 
shaft coupled between the system ICE and propeller. The 
existing shaft may simply be the propeller shaft that is directly 
connected to the propeller, or it could be an output shaft 610 
shown in FIGS. 6A and 6B that is coupled to the propeller 
shaft through a further transmission. 
0096. As shown in FIGS. 6A and 6B, the assembly cou 
pling flange 608 is configured to mate with and couple to a 
coupling flange 510 of the ICE drive train. In this case the 
drive coupling flange 510 is coupled to the ICE 502 through 
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the ICE transmission 504, though in some cases the drive 
coupling flange 510 may be directly attached to another por 
tion of the ICE 502(e.g., in the absence of transmission 504). 
As used herein, the term “drive coupling flange” refers to a 
coupling flange of the existing ICE drive system, which is 
normally coupled to the existing propeller shaft coupling 
flange before installation of the retrofit assembly 600. 
(0097. As will be discussed further herein, the propeller 
shaft hub 606 and optionally the assembly coupling flange 
608 are hollow. The interior opening in the shaft hub 606 (and 
optionally the assembly coupling flange 608) allows the shaft 
hub 606 (and optionally the coupling flange 608) to receive 
the existing propeller/output shaft 610 while requiring little to 
no coaxial space between the end of the propeller/output shaft 
610 and the existing ICE drive system and drive coupling 
flange 510. Accordingly, the retrofit assembly 600 can be 
installed in a number of existing marine propulsion systems 
mounted in a wide variety of engine bays, and a large amount 
of additional coaxial space is not required for the retrofit 
assembly 600. This can be especially helpful for small aux 
iliary engine bays, Such as on sailing vessels. 
(0098 FIGS. 7A-7C are side and perspective views of a 
version of the marine propulsion assembly 600 in accordance 
with an embodiment of the invention. As mentioned with 
respect to FIGS. 6A-6B, the propulsion assembly 600 
includes a frame 602 to which the electric motor-generator 
601 is mounted. The propeller shaft hub 606 is rotationally 
fixed to the assembly coupling flange 608, and the frame 602 
is rotationally coupled with the propeller shaft hub 606 with 
the assistance of a bearing (not shown). As will be discussed 
further herein, an assembly transmission operatively couples 
the electric motor-generator 601 and the propeller shaft hub 
606 and the assembly coupling flange 608. The propulsion 
assembly 600 also includes optional support arms 604 and 
Support flanges 612 for fixing the propulsion assembly to the 
ICE drive system and/or within the existing engine bay. In this 
case the propulsion assembly 600 includes an optional Splash 
guard 614 mounted over the electric motor-generator 601 and 
a cover 616 mounted over the controller 618. It should be 
noted that in FIGS. 7A-7C the cover 616 is illustrated as 
semi-transparent to reveal the controller 618 beneath, though 
in practice the cover can be formed from a material having 
any degree of transparency or no transparency. 
0099. In addition, although not shown, control and data 
wires are provided to electrically connect the controller 618 
with the other components of the propulsion system, Such as 
is described with reference to the system 200 shown in FIG.3. 
0100. As shown in FIGS. 6A-6B and 7A-7C, the propul 
sion assembly 600 is configured to directly couple to the drive 
coupling flange 510 through the assembly coupling flange 
608 (e.g., via bolts). In the example illustrated in FIGS. 
7A-7C, the propulsion assembly 600 also includes a clutch 
620 with a first side 622 rotationally fixed to the propeller 
shaft hub 606 and a second side 624 configured to be rota 
tionally fixed to the propeller/output shaft. Although not 
shown, a sliding mechanism is coupled to the second side 624 
of the clutch in order to move the second side 624 into and out 
of engagement with the first side 622. In this case the clutch 
comprises an optional dog clutch that operates by interfer 
ence, although it should be appreciated that any Suitable 
clutch design can be used. 
0101. Accordingly, the clutch 620 enables the propeller/ 
output shaft to be selectively engaged or disengaged from the 
propulsion assembly 600 and ultimately from the ICE 502. 
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While the illustrated example shows the clutch 620 posi 
tioned opposite the frame 602 from the assembly coupling 
flange 608 (and also the ICE), it should be appreciated that the 
position of the clutch 620 can be changed to the other side of 
the frame. In addition, two clutches 620 (one between the 
propeller/output shaft and the propulsion assembly 600 and 
one between the propulsion assembly 600 and the ICE 502) 
can optionally be used if another degree of disengagement is 
desired. 

01.02 FIGS. 8A-8D show various views of an electric 
motor-generator coupling assembly 700, in accordance with 
an embodiment of the invention, that is a variation of the 
frame and coupling assembly illustrated in FIGS. 6A-7C. The 
coupling assembly 700 generally includes a frame 702, Sup 
port arms 704, and support flanges 712 as shown in the 
example of FIGS. 7A-7C. The support arms 704 and support 
flanges 712 are configured to attach frame 702 to the existing 
ICE and/or the vessel engine bay. The support flanges 712 are 
configured to receive jackscrews or other fasteners for attach 
ing the frame 702 to stringers or the hull of the vessel. The 
jackscrews advantageously transfer torque to the vessels 
stringers or hull Such that the electric motor-generator is 
prevented from rotating and can apply torque to the propeller 
shaft. The adjustable jackscrews can allow installation with 
out the need for mounting hardware tailored to a particular 
engine. Accordingly, additional bracing of the coupling 
assembly 700 may or may not be required. In some cases, for 
example, additional bracing may only be needed for vibration 
damping and does not need to transfer torque. This can sim 
plify the installation and save weight. In some cases Support 
arms 704 are also optionally included for coupling the frame 
702 to the ICE drive system (e.g., the ICE or ICE transmis 
sion). The support arms 704 can be oriented in any suitable 
manner in order to effectively attach the coupling assembly 
700 to the ICE or surrounding engine bay or other vessel 
Structure. 

0103) In the illustrated case, the coupling assembly 700 
includes an assembly transmission 720 attached to frame 702. 
An electric motor-generator plate 722 is attached to frame 
702 to attach and support the electric motor-generator 601, 
and propeller shaft hub support plate 724 is attached to frame 
702 to attach and support the propeller shaft hub 706. Typical 
construction materials for frame 702, support arms 704, Sup 
port flanges 712, electric motor-generator plate 722, and pro 
peller shaft hub support plate 724 are anodized aluminum and 
stainless steel (3xx series). The propeller/output shaft can 
slide through the shaft hub 706 and is secured in some cases 
with set screws through one or more threaded holes 707. 
Propeller shaft pulley 726 is configured to be rotatably 
coupled to the propeller shaft hub 706, and motor pulley 728 
is configured to be rotatably coupled to the electric motor 
generator 601. Belt 730 rotatably couples the propeller shaft 
pulley 726 to motor pulley 728 in this case. 
0104 FIGS. 9A-9E are side and perspective views, and an 
exploded assembly view of the shaft hub 706, the assembly 
bearing 750, the assembly coupling flange 708, and the trans 
mission pulley 726 of the electric motor-generator coupling 
assembly 700 of FIGS. 8A-8D. The outer race of propeller 
shaft bearing 750 is configured to attach to, or be supported 
within, the propeller shaft hub support plate 724 shown in 
FIGS. 8A-8D. As shown in FIG.9E, the propeller shaft hub 
706 has an interior wall defining an opening 760 that can 
receive the propeller/output shaft that is operatively coupled 
to a propeller. In addition, the assembly coupling flange 708 
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has an interior wall defining an opening 762 that can receive 
the propeller/output shaft. Accordingly, in Some cases the 
propeller/output shaft can slide through the shaft hub 706 and 
can be rotationally secured in place with set Screws through 
threaded holes 707 or some other suitable fastening mecha 
nism. Further, in Some cases, the propeller/output shaft can 
slide into the assembly coupling flange 708. 
0105. Accordingly, in some cases little or no extra fore 
and/or aft space is required to install the coupling assembly 
700 because the hollow shaft hub 706 and/or flange 708 allow 
for retrofit installation without the need to move the existing 
engine forward, which may not be possible in some cases. 
Referring to FIG. 7A, the fore-aft coaxial length 900 of the 
propulsion assembly can in Some cases be minimal. For 
example, in Some cases the fore-aft coaxial dimension is less 
than about four inches. In some cases the end of the propeller/ 
output shaft nearest the ICE can be separated from the drive 
coupling flange of the internal combustion engine by a dis 
tance less than the fore-aft length of the propeller shaft hub 
706. In some cases the end of the propeller/output shaft near 
est the ICE can be separated from the drive coupling flange by 
a distance less than the fore-aft length of the assembly cou 
pling flange 708. Accordingly, the coupling assembly 700 can 
be installed about the existing propeller/output shaft with the 
assembly coupling flange 708 replacing the existing propeller 
shaft coupling flange, without the need to move the ICE and 
with the fore-aft dimension of the propulsion assembly taking 
up minimal space. 
0106 Thus, embodiments of the invention are disclosed. 
Although the present invention has been described in consid 
erable detail with reference to certain disclosed embodi 
ments, the disclosed embodiments are presented for purposes 
of illustration and not limitation and other embodiments of 
the invention are possible. One skilled in the art will appre 
ciate that various changes, adaptations, and modifications 
may be made without departing from the spirit of the inven 
tion and the scope of the appended claims. 

What is claimed is: 
1. A propulsion system for a marine vessel, comprising: 
an internal combustion engine; 
a first clutch operatively coupled to the internal combustion 

engine; 
an electric motor-generator operatively coupled to the first 

clutch: 
an output shaft operatively coupled to the internal combus 

tion engine through the first clutch, operatively coupled 
to the electric motor-generator and configured to be 
operatively coupled to a propeller shaft; and 

a controller electrically coupled to the internal combustion 
engine and the electric motor-generator, the controller 
configured to adjust a torque load of the electric motor 
generator based on a rotational speed of the internal 
combustion engine and a peak torque output of the inter 
nal combustion engine corresponding to the rotational 
speed. 

2. The propulsion system of claim 1, wherein the controller 
is further configured to adjust the torque load of the electric 
motor-generator to load the internal combustion engine with 
a torque that is within about 30% of the peak torque output 
corresponding to the rotational speed. 

3. The propulsion system of claim 1, wherein the controller 
is further configured to adjust the torque load of the electric 
motor-generator to load the internal combustion engine with 
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a torque that is within about 10% of the peak torque output 
corresponding to the rotational speed. 

4. The propulsion system of claim 1, wherein the controller 
is further configured to adjust the torque load of the electric 
motor-generator to load the internal combustion engine with 
a torque that is substantially the same as the peak torque 
output corresponding to the rotational speed. 

5. The propulsion system of claim 1, wherein the controller 
is further configured to adjust the torque load of the electric 
motor-generator based on a propeller torque load. 

6. The propulsion system of claim 5, further comprising a 
propeller shaft operatively coupled to the output shaft and a 
propeller operatively coupled to the propeller shaft, wherein 
the propeller torque load corresponds to a torque load of the 
propeller at the rotational speed. 

7. The propulsion system of claim 6, wherein the propeller 
is a variable pitch propeller and the controller is further con 
figured to adjust a pitch of the propeller's blades. 

8. The propulsion system of claim 6, further comprising a 
second clutch operatively coupled between the electric 
motor-generator and the output shaft for disengaging the 
output shaft, the propeller shaft, and the propeller from the 
electric motor-generator and the internal combustion engine. 

9. The propulsion system of claim8, wherein the controller 
is further configured to provide at least three operational 
configurations comprising 

a first configuration in which the first clutch is engaged and 
the second clutch is disengaged, to generate electricity 
with the internal combustion engine and the electric 
motor-generator, 

a second configuration in which the first clutch is disen 
gaged and the second clutch is engaged, for driving the 
propeller with only the electric motor-generator, and 

a third configuration in which the first clutch is engaged 
and the second clutch is engaged, for driving the propel 
ler with the internal combustion engine and/or the elec 
tric motor-generator. 

10. The propulsion system of claim 1, wherein the control 
ler comprises a computer-readable storage medium storing 
information characterizing the peak torque output of the inter 
nal combustion engine for a plurality of rotational speeds. 

11. The propulsion system of claim 1, wherein the output 
shaft is rotatable by the internal combustion engine in only a 
first direction, and the output shaft is rotatable by the electric 
motor-generator in the first direction and a second direction. 

12. The propulsion system of claim 1, further comprising at 
least one battery electrically coupled to the electric motor 
generator, and wherein the controller is further configured to 
operate the electric motor-generator with the battery, start the 
internal combustion engine to charge the battery when the 
battery reaches a first charge level, and stop the internal 
combustion engine when the battery reaches a second charge 
level. 

13. The propulsion system of claim 1, wherein the control 
ler is further configured to start the internal combustion 
engine when a vessel propelled by the propulsion system is 
moving faster than a first speed and to stop the internal com 
bustion engine when the vessel is moving slower than the first 
speed. 

14. The propulsion system of claim 1, wherein the control 
ler is further configured to adjust the torque load of the elec 
tric motor-generator by adjusting a value of a charging current 
of the electric motor-generator. 
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15. The propulsion system of claim 1, further comprising a 
battery and at least one renewable energy source electrically 
coupled to the controller, wherein the controller is further 
configured to combine a charging current of the electric 
motor-generator with a charging current of the at least one 
renewable energy source to charge the battery, and wherein 
the controller is further configured to reduce the charging 
current of the electric motor-generator, as a charge level of the 
battery increases, before reducing the charging current of the 
at least one renewable energy source. 

16. A method for propelling a marine vessel, comprising: 
determining with control circuitry a desired torque output 

of an internal combustion engine, the internal combus 
tion engine being operatively coupled to an electric 
motor-generator and a propeller; 

determining with the control circuitry a current torque 
output; 

determining a torque output change by comparing the 
desired torque output to the current torque output with 
the control circuitry; and 

adjusting a torque load of the electric motor-generator with 
the control circuitry based on the torque output change. 

17. The method of claim 16, wherein the desired torque 
output is a peak torque output of the internal combustion 
engine for a rotational speed. 

18. The method of claim 16, wherein determining the cur 
rent torque output comprises determining a torque load of the 
propeller. 

19. The method of claim 18, wherein the propeller com 
prises a plurality of variable pitch blades, and further com 
prising adjusting the pitch of the plurality of variable pitch 
blades to adjust the torque load of the propeller. 

20. The method of claim 16, further comprising charging a 
battery with a charge current produced by the electric motor 
generator. 

21. The method of claim 20, further comprising charging 
the battery with a charge current produced by a renewable 
energy source and reducing the charging with the electric 
motor-generator charge current to maximize the charging 
with the renewable energy source charge current. 

22. The method of claim 16, further comprising monitoring 
a charge level of a battery coupled to the electric motor 
generator, running the internal combustion engine to charge 
the battery when the battery reaches a first charge level, and 
stopping the internal combustion engine when the battery 
reaches a second charge level. 

23. The method of claim 16, further comprising monitoring 
a speed of the marine vessel, running the internal combustion 
engine when the marine vessel is moving faster than a first 
speed, and stopping the internal combustion engine when the 
marine vessel is moving slower than the first speed. 

24. The method of claim 16, further comprising adjusting 
the torque load of the electric motor-generator with the con 
trol circuitry by adjusting a value of a charging current of the 
electric motor-generator. 

25. A marine propulsion assembly comprising: 
a frame comprising one or more Supports configured to 

attach the frame to a marine vessel; 
a propeller shaft hub rotatably coupled to the frame, the 

propeller shaft hub comprising an interior wall defining 
an opening adapted to receive an output shaft operatively 
coupled to a propeller, the propeller shaft hub further 
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comprising a fastening mechanism to attach the propel 
ler shaft hub to the output shaft in a fixed rotational 
relationship; 

a coupling flange attached to the propeller shaft hub, the 
coupling flange configured to couple to an internal com 
bustion engine; 

a transmission rotatably coupled to the propeller shaft hub: 
and 

an electric motor-generator rotatably coupled to the trans 
mission. 

26. The marine propulsion assembly of claim 25, wherein 
the transmission comprises two or more pulleys and a belt that 
rotatably couple the electric motor-generator to the propeller 
shaft hub. 

27. The marine propulsion assembly of claim 25, wherein 
the transmission ratio is selected to Substantially match the 
electric motor-generator output speed to a desired speed for 
the output shaft operatively coupled to the propeller. 

28. The marine propulsion assembly of claim 25, wherein 
a fore-aft distance required by the coupling flange and the 
propeller shaft hub is less than about four inches. 

29. The marine propulsion assembly of claim 25, wherein 
the coupling flange is adapted to replace an existing propeller 
shaft coupling flange. 
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30. A propulsion system for a marine vessel, comprising: 
the marine propulsion assembly of claim 26: 
an internal combustion engine comprising a drive coupling 

flange coupled to the coupling flange of the marine pro 
pulsion assembly in a fixed rotational relationship, the 
coupling flange of the marine propulsion assembly hav 
ing a fore-aft length parallel to an axis of the output 
shaft; 

an output shaft having a first end received within and fix 
edly attached to the propeller shaft hub, the propeller 
shaft hub having a fore-aft length parallel to the axis of 
the output shaft; and 

a propeller operatively coupled to the output shaft, 
wherein the first end of the output shaft is separated from 

the coupling flange of the internal combustion engine by 
a distance less than the fore-aft length of the propeller 
shaft hub. 

31. The propulsion system of claim 30, wherein the cou 
pling flange of the marine propulsion assembly comprises a 
coaxial bore, and wherein the first end of the output shaft is 
separated from the coupling flange of the internal combustion 
engine by a distance less than the fore-aft length of the cou 
pling flange of the marine propulsion assembly. 
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