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1
METHOD AND APPARATUS FOR
PROVIDING POWER TO A MARINE VESSEL

RELATED PRIORITY DATE APPLICATION

This application claims the benefit under 35 U.S.C. 119(e)
of the U.S. provisional application No. 61/004,397 filed on
Nov. 25, 2007.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to marine transportation and,
more particularly, to a system for providing power to a marine
vessel. Still more particularly, the present invention discloses
a method and apparatus wherein, depending on the mode of
operation, a combination of batteries and engines provide
power to a marine vessel such as a tugboat or a ferry boat.

BACKGROUND OF THE INVENTION

Marine vessels and, more particularly, tugboats and ferry
boats are well known. A tugboat, or tug, is a boat used to
maneuver, primarily by towing or pushing, other marine ves-
sels in harbors, over the open sea or through rivers and canals.
They are also used to tow barges, disabled ships, or other
equipment like tow boats. Further, they are used to extinguish
fires in water locations where land equipment cannot perform
fire fighting operations.

Presently, tugboats are powered by diesel engines. One
disadvantage of diesel engines is that they emit a large amount
of pollutants and, more particularly, compounds that contain
carbon such as carbon dioxide. Another disadvantage is that
they consume a large amount of fuel while performing routine
tag boat operations. Another disadvantage is that the use of
diesel engines requires a large space for the drive lines in the
tugboat. Still another disadvantage is that diesel engines are
very noisy and contribute to elevated levels of noise pollution.

According to the present invention, a drive system for a
tugboat is provided utilizing a combination of stored energy
batteries and diesel powered generators. The diesel genera-
tors are only used in the towing mode, that is when the tugboat
is attached to a vessel, fire fighting mode or when charging the
batteries.

The use of stored energy batteries dramatically reduces
carbon emission while meeting or exceeding the functional-
ity, safety and power requirements of present day tugs. Such
reduction can be as high as 90 percent when compared to the
present power drive designs. Further the use of stored energy
batteries substantially reduces power consumption, the drive
line space requirements and the noise level.

These and other advantages and objects of the present
invention will become apparent from the following descrip-
tion.

SUMMARY OF THE INVENTION

According to the present invention, a drive system for
powering a tugboat comprises a port section and a starboard
section which is similar to the port section. The port section
and the starboard section may be operated independently or
may be cross connected at several points, as needed. Compo-
nents of the port section are similar to the components of the
starboard section.

The port section and the starboard section each includes a
diesel engine and generator, an AC bus, a rectifier, a battery
bank, a DC bus and inverters that drive the motors in the
tugboat, a shore power connection and a fire pump motor. The
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AC bus is connected to the generator and the shore power
connection to receive electrical power therefrom. The fire
pump motor is connected to receive electrical power directly
from the generator when activated. It can also receive power
from a shore power source.

The generator provides a variable voltage that can range
from 10% under to 10% over rated voltage and is normally
connected to the rectifier. The rectifier convert alternating
current from the AC bus to direct current which is supplied to
the DC bus.

The DC voltage from the rectifiers is used by the battery
bank for recharging and by the inverters to drive the motors
loads. The battery bank is bi-directionally connected to the
DC bus to receive charging current from the generator and
other sources and to provide power to the DC bus 40A which
in turn powers the DC to AC inverters.

The inverters are capable of handling regenerated power
which is regenerated under certain conditions primarily by
the winch when a load is dropping and by the thruster when
rotation is reversed or energy is harvested from the vessel hull
when it slows down. Smaller amounts of power may also be
regenerated from the steering gear or from the use of the
thruster in harvesting power from the current. The batteries in
the battery bank are connected to automatically absorb regen-
erated power, either by displacing load current or by discharg-
ing. If the voltage in the DC bus reaches a certain level,
namely, about 750 volts (as adjusted for battery temperature)
a chopper diverts the excess regenerated power to an air
cooled grid resistor. Shore power available from the AC bus
can also be used to charge the batteries of the battery bank
through an inverter. A redundant control system is provided
for each port and starboard section.

The drive system is designed to operate in three different
modes, namely, the green mode, the tow mode and the fire-
fighting mode. Green mode is the default mode of operation.
In the green mode the vessel is supplied power only by the
batteries in the battery banks without utilizing the diesel
engines for ship propulsion and/or ship service. The control
system energizes the diesel engines and generators only when
needed to provide peak power or battery charging. The bat-
teries in the battery banks hold enough energy to sustain 300
Hp of incidental loads for over 8 hours between charges;
however battery life is increased if more shallow discharge
cycles are used. The generators come on line automatically
based on a combination of the load and the battery state of
charge. In the green mode, the minimal use of diesel engines
cause substantial reduction in noise level, energy consump-
tion and carbon emissions. Green mode is designed for oper-
ating the tugboat between locations when it is not towing
another vessel and for dockside operations.

The tow mode may be manually selected by the operator.
Selecting tow mode energizes the diesel engines and genera-
tors so that they will be available immediately to support peak
power demands. The voltage from the generators maintains a
float charge on the battery banks except at very heavy loads,
where power is drawn from the battery banks to supplement
the generators.

The fire fighting mode may be manually selected by the
operator. Firefighting mode energizes both diesel engines and
generators and gives priority to the fire pumps that are driven
by the fire pump motors.

The use of the combination of battery banks and generators
allows for reduction of use of generators in certain operating
modes and, more particularly, in the green mode. Generators
are only used in the towing mode, fire fighting mode or when
charging the batteries. As a result, fuel consumption is
reduced thereby reducing fuel costs and carbon emissions
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from the vessel. The replacement of diesel engines and gen-
erators with battery banks reduces the size of the drive line
and the overall space required for it.

Identical interchangeable modules are used in the invert-
ers. They are automatically reprogrammed and they can be
replaced at sea quickly thereby reducing down time and main-
tenance costs.

BRIEF DESCRIPTION OF THE DRAWINGS

For a detailed description of the preferred embodiment of
the apparatus of the present invention, reference will now be
made to the accompanying drawings, wherein:

FIG. 1 is a schematic illustrating the major functional
systems of the drive system of the present invention;

FIG. 2 is a more detailed schematic of the functional sys-
tems shown in FIG. 1; and

FIG. 3 is a schematic illustrating the controls of the drive
system of FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1 there is shown a drive system 10
that is a comprised of a port (left) section and a starboard
(right) section which may be operated independently or may
be cross connected at several points, as needed. Components
of the port section are similar to the components of the star-
board section and similar components are designated by the
same numeral followed by the letter “A” for the components
of the port section and letter “B” for the components of the
starboard section.

Accordingly, drive system 10 includes shore power con-
nections 15A and 15B, generators 20A and 20B being driven
by diesel engines 10A and 10B (not shown in FIG. 1 but
shown in FIG. 2), respectively, an AC bus 18 comprising an
AC bus 18A and an AC bus 18B interconnected through a
circuit breaker 19 (1600AF), rectifiers 25A and 25B, battery
banks 30A and 30B, a DC Bus 40 comprising a DC bus 40A
and a DC bus 40B interconnected via a switch 42 (3150 DC),
inverters S0A and 50B, 52, 54A and 54B, 56 A and 56B, motor
control centers 60A and 60B, winch motor 62, steering
motors 64A and 64B, thruster motors 66A and 668, choppers
58A and 58B, grid resistors 68A and 68B, and fire pump
motors 72A and 72B.

AC bus 18A is connected to generator 20A and shore
power connection 15A to receive electrical power therefrom.
AC bus 18B is connected to generator 20B and shore power
connection 15B to receive electrical power therefrom. Con-
nections are provided as shown for generators 20A and 20BA
to be connected to each other or to shore power connections
15A and 15B. A circuit breaker 76A (600AF) and a circuit
breaker 78A (3200AF) are provided between AC bus 18A and
shore power connection 15A and AC bus 18A and generator
20A, respectively. Similarly, a circuit breaker 76B (600AF)
and a circuit breaker 78B (3200AF) are provided between AC
bus 18B and shore power connection 15B and AC bus 18B
and generator 20B, respectively.

Fire pump motors 72A and 72B are connected to receive
electrical power directly from generators 20A and 20B,
respectively, via AC bus 18A and AC bus 18B, respectively,
when activated. Circuit breakers 82A and 82B (1600 AF
each) are provided before fire pump motors 72A and 72B,
respectively. Shore power connections 15A and 15B can also
be connected to AC bus 18A and AC bus 18B, respectively, at
the generator outputs so that shore power can run fire pump
motors 72A and 72B.
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Generators 20A and 20B provide 460-690 VAC, 45-60 Hz
power and are normally connected individually to rectifiers
25A and 25B, respectively, when generators 20A and 20B are
active. Generators 20A and 20B may be connected to each
other or shore power, if synchronized. Rectifiers 25A and 25B
convert alternating current (“AC”) from AC bus 18A and AC
bus 18B, respectively, to direct current (“DC”’) which is sup-
plied to DC bus 40A and DC bus 40B, respectively. Circuit
breakers 84A and 84B (3200 AF each) are provided before
rectifiers 25A and 25B, respectively.

The DC voltage from the rectifiers is used by batteries and
motor loads, as described hereinafter. The DC voltage in DC
bus 40A and DC bus 40B is determined by the batteries in
battery bank 30A and 30B and their rate of charge or dis-
charge. The rate of charge may be controlled by adjusting the
output voltage of generators 20A and 20B.

Battery bank 30A is bi-directionally connected to DC bus
40A to receive charging current from generator 20A and other
sources as hereinafter described and to provide power to DC
bus 40A which in turn powers DC to AC inverters S0A, 52,
54A, and 56A that drive motor control center 60A, winch
motor 62, steering motor 64A and thruster motor 66A,
respectively. DC bus 40A is also connected to a chopper 58 A
that is coupled with a grid resistor 68A.

Inverters 50A, 52, 54A and 56A are capable of handling
100% regenerated power. Such power is regenerated under
certain conditions primarily by the winch when a load is
dropping and the thruster when rotation is reversed. Smaller
amounts of power may also be regenerated from the steering
gear or from the use of the thruster in harvesting power from
the current. The batteries in battery bank 30 A are connected to
automatically absorb regenerated power, either by displacing
load current or by discharging. If the voltage in the DC bus
40A reaches a certain level, namely, about 750 volts (as
adjusted for battery temperature) chopper 58A diverts the
excess regenerated power to air cooled grid resistor 68A.

Battery bank 30B is bi-directionally connected to DC bus
40B to receive charging current from generator 20B and other
sources as hereinafter described and to provide power to DC
bus 40B which in turn powers DC to AC inverters S0B, 54B,
and 56B that drive motor control center 60B, steering motor
64B and thruster motor 66B, respectively. DC bus 40B is also
connected to a chopper 58B coupled with a grid resistor 68B.

Inverters 50B, 54B and 56B are capable of handling the
regenerated power from their corresponding loads and, more
particularly, the steering gear and the thruster of the starboard
section. The batteries of battery bank 30B automatically
absorb the regenerated power and any overloads are directed
by chopper 58B to grid resistor 68B.

Normally, DCbus 40A is supplied by battery bank 30A and
DC bus 40B is supplied by battery bank 30B. DC bus 40A and
DC bus 40B may be connected so that, in the event one of
battery banks 30A or 30B requires service or is offline, bus tie
manual contactors are provided to cross feed the power from
battery bank 30A to DC bus 40B or from battery bank 30B to
DC bus 40A. The contactors are manually operated and have
the ability to be electrically interlocked. They include auxil-
iary contacts to provide their status information to the overall
operating system.

When operating with power provided only by the batteries,
each of bus DC 40A and DC bus 40B is fed from its corre-
sponding battery bank, namely, battery bank 30A and battery
bank 30B, respectively. The current limits of the AC drives are
limited based upon the monitored output current of the online
battery bank. The DC current output is monitored by means of
5000ADC rated Hal Effect Devices (“HEDs”). Set points are
programmed into the operating software to prevent battery



US 7,980,905 B2

5

depletion beyond preset levels. In the event of either DC bus
40A or DC bus 40B fails, the other bus is still online due to the
split DC bus system.

Motor control center 60A is also connected directly to AC
bus 18A to draw power directly from shore power connection
15A or from generator 20A bypassing the batteries and elec-
tronics, if needed. Similarly, motor control center 60B is
connected directly to AC bus 18B to draw power directly from
shore power connection 15B or from generator 20B bypass-
ing the batteries and electronics, if needed. Shore power is
normally connected via shore power connections 15A and
15B to motor control centers 60A and 60B so that their loads
can be operated directly, even if the batteries and inverters are
out of service.

Shore power available from AC bus 18A and AC bus 18B
can also be used to charge batteries of battery banks 30A and
30B, respectively, through inverters S0A and 50B, respec-
tively, boosting the input line voltage to the higher level
needed to fully charge or equalize the batteries.

Referring now to FIG. 2 there is shown a more detailed
schematic of drive system 10 of FIG. 1. FIG. 2 includes the
previously described components of FIG. 1, namely, shore
power connections 15A and 15B, generators 20A and 20B,
AC bus 18 comprised of AC bus 18A and AC bus 18B,
rectifiers 25A and 25B, battery banks 30A and 30B, DC Bus
40 comprised of DC bus 40A and a DC bus 40B, inverters
50A and 50B, 52, 54 A and 54B, 56 A and 56B, motor control
centers 60A and 60B, winch motor 62, steering motors 64A
and 64B, thruster motors 66A and 66B, choppers 58A and
58B, grid resistors 68A and 68B, and fire pump motors 72A
and 72B. Furthermore, there is shown a diesel engine 10A
that drives generator 20A and a diesel engine 10B that drives
generator 20B.

The engine and generator controls are uniquely designed to
vary the AC voltage and the frequency as the DC bus is not
adversely affected by these changes. This operating system
allows for greater utilization of the power input from the
engine generator sets by allowing the engine to ramp down
the RPM in low power applications as the power system is not
solely dependant upon fixed frequency or fixed voltage.

The generator excitation output is strictly controlled and
allows for the generator output voltage to be increased or
decreased as needed for rapid charging rates and battery
output current regulation at different rates of charge.

The engine RPM is strictly controlled and allows for the
engine RPM to fluctuate, and thus the generator output fre-
quency to vary resulting in maximizing the efficiency of the
diesel engine when loads are beneath the 80% threshold of
operation.

Referring now to FIGS. 1 and 2, battery banks 30A and
30B are similar units, each bank consisting ot 320 individual
2-volt batteries connected in series. The batteries are con-
nected together via copper bus connections. The rated supply
voltage for output is 320x2VDC=640 VDC. The cells are
rated for 3250 ADC of short time current flow.

Each individual battery weighs 268 lbs. The total weight of
each battery bank 30A and 30B is approximately 85,760 Ibs
with an additional 865 1bs for the battery mounting support
system.

Batteries that may be used in battery banks 30A and 30B in
accordance with the present invention are batteries manufac-
tured by EnerSys, model DDm127-27, rated 1625ah for
MHS. Other similar batteries may be used to form battery
banks 30A and 30B.

Battery banks 30A and 30B are suitably connected to be
charged by generators 20A and 20B, respectively. Bypasses
are also provided to have battery bank 30A charged by gen-
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erator 20B and battery bank 30B charged by generator 20A.
During operation on battery power, if the battery charge drops
below a preset level, diesel engines 10A and 10B automati-
cally start and provide power to the battery charging system.
Further, appropriate connections are provided to connect to
and charge battery banks 30A and 30B by dockside power
sources through shore power connections 15A and 15B when
the vessel is at the dock.

Battery banks 30A and 30B are suitably designed to be
charged in both float and fast charge methods from shore
power or via the generators while underway.

Referring now to FIG. 2, a charging system 92A is con-
nected to AC bus 18A to receive current for charging battery
bank 30A and a charging system 92B is connected to AC bus
18B to receive current for charging battery bank 30B. Charg-
ing systems 92 A and 92B are inactive when the drive power is
provided to the tugboat only by battery banks 30A and 30B.
Generators 20A and 20B are configured to charge battery
banks 30A and 30B or provide additional power as needed, as
described below. When the PMS determines battery bank
30A or 30B has crossed the preset threshold of charge, gen-
erator 20A or generator 20B is started and brought online.
After the completion of a bus 40A or bus 40B active front end
to supply power to the corresponding DC bus and relieve the
current load from the corresponding battery bank 30A or 30B
has been confirmed, charging system 92A or 92Ber is con-
nected to battery bank 30A or 30B, respectively, and begins
the charging process.

The charging system for each battery bank 30A or 30B is
broken into three (3) separate charging groups, each group
being charged at a time. When the propulsion system is active,
the battery charging system is rotated between the groups at
intervals of 45 minutes each.

The charging requirement for the battery type is based
upon voltage per cell (constant voltage). For a 2-volt cell, the
trickle charge rate per cell is 2.16 VDC and the rapid charge
rate is 2.34 VDC

The hardware for charging the batteries is an AC inverter
with the ability to transfer current bi directional. Alternately,
a full wave diode bridge is used with charging currents regu-
lated by variance of the both the generator voltage output and
the engine RPM. As the vessel’s service loads are supplied
power through an AC inverter assembly, these variations do
not affect the vessel’s service loads.

Still referring to FIG. 2, battery monitors 96A and 96B
monitor battery banks 30A and 30B, respectively. Battery
banks 30A and 30B are monitored by incorporating voltage
sensors that provide a scaled analog voltage feedback of the
monitored batteries when the voltage is reduced below preset
levels. The monitoring system uses the prescribed method as
provided by the battery manufacturer to determine the lowest
battery in each individual battery bank. Battery monitors 96 A
and 96B identify potential problems early by tracking the
voltage and temperature of each cell.

Battery monitors 96 A and 96B consist of cell monitors that
measure the voltage and temperature of individual battery
cells, and a master unit that reads the cell monitors and com-
municates with the system controller over Profibus commu-
nications. The master unit also reads the full cell voltage,
battery current sensors, and local ambient temperature. An
algorithm of the data may be run to determine the condition of
battery bank 30 A and 30B and to place limits upon the current
draw allowed.

Although the system may be operated by monitoring any
number of cells from 1 to 320, it is mostly preferred that all
320 cells on each of battery banks 30 A and 30B be monitored
individually. In the most preferred mode of the present inven-
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tion, every cell is monitored and data for every cell can be
used to optimize battery performance and life. Each battery
monitor reads the cell voltage and local temperature, digitizes
and galvanically isolates the data, and connects to a daisy
chained serial data network.

No individual battery cell shall be allowed depletion past
60%, thus extending the maximum power of the system deliv-
ery to the propulsion units. If a battery draws down to or
below the 60% level, generator 20A or 20B assigned to that
bus starts automatically, closes onto the main bus and relieves
the current draw from the battery bank and provides charging
current to the battery bank at the same time interval. The
battery bank charge levels are indicated on the HMI displays
located in the drive space and the pilot control.

Drive system 10 is built around battery banks 30A and 30B
that serve as the backbone of the system. The selection of the
battery operating voltage drives the selection of the motors,
generators, and drive modules. A typical operating voltage is
based upon a 480 volt system Other systems, however, with
lower or higher voltages may be used in accordance with the
present invention. If the loads and sources are not selected to
be directly compatible with the battery voltage, then addi-
tional power conversion will be required, imposing cost, size
and efficiency penalties. Therefore, system design is based
upon the loads and coordinated with the battery supply to
formulate a coordinated operating system that is both cost
effective and workable.

The following is the load voltage calculation for the 480
VAC system. The nominal battery voltage is 640 volts DC
(2.0V*320 cells). The minimum DC voltage needed to make
AC voltage is the rms voltage times the square root of two:
480 VAC*1.414=>679 VDC
440 VAC*1.414=>622 VDC

With 640 volts input a suitably designed electronic inverter
can synthesize high quality 440 volt AC power, or distorted
480 volt power. Therefore the load motors and motor control
center should be specified at 440 VAC.

The following is the line voltage calculation. The battery
charging voltage is 690 volts (2.16-V/cell), rising to a maxi-
mum of 750 VDC (2.34 V/cell) under fast charge conditions.
Rectified three phase power under load provides a voltage
equal to 1.35 times the rms AC voltage. Under light load
conditions the DC voltage peak charges to 1.414 times the AC
voltage:

480 VAC*1.35=>648 VDC
480 VAC*1.414=>679 VDC

By these calculations, it can be seen that under load a 480
volt source will closely match the nominal battery voltage,
and under light load will approach the normal charging volt-
age. In order to provide the specified fast charge voltage the
AC voltage would need to be increased:

750 VDC/1.35=>555 VAC under load
750 VDC/1.414=>530 VAC at light load for finishing charge

This level of boost s readily provided by inverters 50A and
50B run with reverse power flow, so that those inverters can
serve double duty as battery chargers when operating from
shore power through shore power connections 15A and 15B.

Diesel engines 10A and 10B are similar units, each having
a minimum KW rating of 1800 KW. Diesel engines 10A and
10B are suitably designed to meet and/or exceed EPA Tier 2
emissions throughout the range of loaded conditions. Diesel
engines 10A and 10B are suitably rated to marine use as
stipulated by the American Bureau of Shipping (“ABS™)
requirements and suitably designed to utilize marine heat
exchangers for the primary method of cooling. Diesel fuel
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requirement is standard and thus, diesel engines 10A and 10B
can be fueled at any standard supplier of diesel fuels along the
coastal waterways.

Diesel engines 10A and 10B have local engine monitoring
functions complete with electronic capability to communi-
cate with the vessel Power Management System (“PMS”) via
serial connection.

Diesel engines 10A and 10B provide mechanical power to
rotate generators 20A and 20B, respectively, at a set speed.
Generators 20A and 20B convert the mechanical energy into
electrical energy usable by the vessels systems.

Generators 20A and 20B which are similar units are suit-
able designed for 460-690 VAC, 2500 kVA, 45-60 Hz elec-
trical requirements. They have winding and bearing tempera-
ture monitoring devices to satisfy American Bureau of
Shipping (“ABS”) marine propulsion power system require-
ment. These devices are 100 ohm platinum RTD’s.

Any commercially available diesel engines and generators
meeting the stated specifications may be used as diesel
engines 10A and 10B and generators 20A and 20B. A pre-
ferred diesel engine/generator package is the Marine Cater-
pillar Model 3516B DITA Direct Injection Turbocharged
which is after cooled with a separate circuit after cooling. The
preferred generator 20A and 20B is a Kato or equivalent 480
VAC, 60 Hz generator. This offshore electric diesel engine/
generator with a rating of 1825 KW @ 1800 RPM includes
the following standard attachments:

Air Inlet System (after cooler core (corrosion resistant), air
cleaner (regular duty with soot filter), service indicators)

Control System (Caterpillar ADEM II Electronic Engine
Control (left hand), requires 24V DC 10 Amp continuous, 20
AMP intermittent, clean electrical power).

Heat Exchanger Cooled Marine (Outlet controlled thermo-
stat and housing, jacket water pump gear driven, single outlet
with tubed heat exchanger, gear driven centrifugal after
cooler fresh water cooling pump (SCAC), SCAC pump cir-
cuit contains a thermostat to keep the after cooler coolant
from falling below 30 deg C. (85 F)).

Exhaust System (standard stroke exhaust fittings (flexible
203 mm (8 in)), standard stroke exhaust flange (weldable 356
mm (14 in), dry gas tight exhaust manifolds with thermo-
laminated heat shields, dual turbochargers and thermo-lami-
nated heat shields).

Flywheels and Flywheel Housings (flywheel (SAE No. 00
with 183 teeth), flywheel housing (SAE No. 00), SAE stan-
dard rotation).

Fuel System (fuel filter (left hand), fuel transfer pump,
flexible fuel lines, fuel priming pump (left hand), electroni-
cally controlled unit injectors).

Instrumentation (electronic instrument panel (left hand);
analog gauges with digital display data for engine oil pressure
gauge, engine water temperature gauge, fuel pressure gauge,
system DC voltage gauge, air inlet restriction gauge, exhaust
temperature (prior to turbochargers) gauge, fuel filter differ-
ential pressure gauge, oil filter differential pressure gauge,
service meter (digital display only), tachometer (digital dis-
play only), instantaneous fuel consumption (digital display
only), total fuel consumed (digital display only), and engine
start-stop (off, auto start, manual start, cool down timer))

Lube System (crankcase breather, oil cooler, oil filter (left
hand), deep oil pan, oil pan drain valve (2" NPT female
connection), lubricating oil (SAE 10W30, Caterpillar DEO
(CG4)813 L)).

Mounting System (rails, mounting, floor type, 254 mm (10

in)).
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Power Take-offs (accessory drives, upper right hand, lower
lefthand Front (available for PTO usage), front housing (two-
sided)).

Starting System (air pre lube pump, air starting motor
(right hand, 620 to 1034 kPa (90 to 150 psi), left hand con-
trol), air silencer).

General (paint (caterpillar yellow), vibration damper and
guard, lifting eyes).

Fuel Cooler. One Young Touchstone Remote vertical fuel
cooler with horizontal discharge is installed. Radiator is sized
to cool up to five 3516B engines manifolded together or
standard marine heat exchangers may be used as room per-
mits. It Includes Heresite coated core and hot dipped galva-
nized steel parts, 5 HP TEXP motor (3 ph/230/460 volt) and
core and fan guards.

Protection System. ADEM II or any other equivalent moni-
toring system provides engine de-ration, alarm, or shutdown
strategies to protect against adverse operating conditions.
Selected parameters are customer programmable. Status
available on engine mounted instrument panel and can be
broadcast through the optional customer communications
module or programmable relay control modules(s)). Initially
it is set as follows:

Safety Shutoff Protection, Electrical (oil pressure, water
temperature, overspeed, crankcase pressure, after cooler tem-
perature; includes air inlet shutoff, activated on overspend or
emergency stop).

Alarms, Electrical (ECM voltage, oil pressure, water tem-
perature (low and high), overspend, crankcase pressure, after
cooler temperature low water level (sensor is optional attach-
ment), air inlet restriction, exhaust stack temperature, filter
differential pressure (oil and fuel)).

Derate, electrical (high water temperature, crankcase pres-
sure, after cooler temperature, air inlet restriction, altitude,
exhaust temperature; emergency stop push button, located on
instrument panel; alarm switches (oil pressure and water tem-
perature), for connection to alarm panel).

Each diesel engine 10A/generator 20A and diesel engine
10A/generator 20B set includes a control cubicle for load
sharing control. Each control cubicle includes the following:

3200 amp rack out main breaker with LSI adjustable trip,
under voltage trip and trip indicator; 3x4500:5 current trans-
formers; 1 RHCC load sharing speed control unit for active
KW and KVAR load sharing control of the engine and gen-
erator set (controller includes protections for under voltage,
over voltage, over frequency, under frequency and reverse
power; AC module control transformer; sync control trans-
former and Auto Sync controls; excitation power transformer;
engine OFF/IDLE/RUN switch; generator sync selector
switch; interlocked breaker close push button; digital screen
display power management meter (Siemens 9500) for display
of 3 phase voltage, 3 phase amperage, frequency, Kilowatts,
Kilovars, bus harmonics and voltage fluctuation and record
trending of up to 3 years accumulative engine/generator load
and fault data; RTD generator temperature display for wind-
ing 1, winding 2, winding 3, drive bearing and tail bearing;
power limit interface with AC drives and battery demand
monitor; hour meter indicating hours online; generator run
light; generator online light; emergency shutdown interface
relay; generator heater relay; no touch control fuses; marine
non conductive handrails; marine drip shield 1P20; engine/
generator field connection terminal block; AC Bus ground
fault indication

Still referring to FIGS. 1 and 2, each of inverters 50A, 50B,
52, 54A, 54B, 56A and 56 B and choppers 58A and 58B
consist of a plurality of modules, preferably, TeraTorq
Inverter Modules (TIM-200). Each module can drive 300 HP
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and can be configured in real-time for a number of different
modes of operation. The TIM-200 modules are 28 inches
deep 6 inches wide and 13 inches high. All of the high power
connections are blind-mate connectors in the back so the
modules can be replaced without handling dangerous bus
voltages. A TIM-200 module has blind mate power connec-
tions, AC & DC fuses, IGBT switches, 32 Bit DSP controls
and liquid cooling connections. Blind mate power connec-
tions are suitable for removing and replacing a particular
module without touching the power conductors. AC & DC
fuses are included in every power lead whereby any problem
that may occur in a particular module is isolated in the par-
ticular module without affecting the other modules. The
IGBT switches are 1700 volt switches that provide sufficient
margin for unexpected events. The 32 bit DSP controls is a
built in 32 bit 150 MHz digital signal processor that enables a
particular module to respond instantly and correctly to chang-
ing voltages, currents and temperatures. Liquid cooling con-
nections provide for the flow of high performance heat sink
liquid that removes heat form the IGBT switches of the mod-
ule. Each module has digital status readout.

A plurality of modules is inserted in a cabinet with the
cooling and CAN bus connections allowing for the easy
access, removal and insertion of each module.

Still referring to FIGS. 1 and 2, each of inverters 50A and
50B has 2 TIM-200 drive modules (4 modules total) and
provide 60 Hz 440 VAC power for distribution through a
motor control center. The power is 250 kW and the current is
400 A. Inverters 50A and 50B are also back driven to provide
DC power for battery charging when on shore power.

Inverter 52 has 1 TIM-200 module and provides four-
quadrant variable speed control to a 150 kW induction motor,
voltage 440 VAC and current 200 A. Other inverters may be
used as long as special modifications are made to the firmware
to ensure that the DC bus voltage can be operated at a large
differential (200 vdc-1000 vdc) without faulting.

Each of inverters 54A and 54B has 1 TIM-200 module (2
modules total) and provides four-quadrant variable speed
control to induction motors totaling 100 kW, current 150 A
and 440VAC.

Still referring to FIGS. 1 and 2, inverters 54 A and 54B have
15 TIM-200 modules each. They each provide four-quadrant
variable speed control to a 2500 kW induction motor, current
3000 A, 440VAC.

Each of choppers 58A and 58B (600 kW, 800 A, 750VDC,
2 TIM-200 modules each) handle excess electric power from
the thrusters and winch when they regenerate power. Each of
choppers 58A and 58B sends any unusable electric power to
external load resistors 68 A and 68B, respectively, to be dis-
sipated.

Drive system 10 includes two drive cabinets (one for the
port section and the other for the starboard section). Drive
cabinet contains the coolant, control, and power connections
for the system. It is arranged as a grid, with each the modules
for each subsystem typically installed side by side on a single
row, or multiple rows for higher power devices. Each of the
two cabinets requires 55 gallons per minute of liquid coolant
(110 GPM total).

Referring now to FIG. 1, AC bus 18A and AC bus 18B is
assembled as a singular bus system and it supplies power to
battery charging systems 92A and 92B, fire pump motors 72A
and 725 and the charging systems of DC Bus 18 A and DC bus
18B.

All power breakers connected to AC bus 18A and AC bus
18B have the capability for remote closure and remote dis-
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connect. The status of the breaker is also monitored by the
PMS automation and provides operating status and interlock
functionality.

The main bus and marine switchgear is designed with the
following standards: main bus rating of 5500 amps for ac bus
distribution; bus fault rating is 100 KIA @ 480 VAC; main bus
is plated copper; main bus hardware is stainless grade 8
hardware
Switchgear construction is welded steel frame with 12 gauge
hinged doors; all cubicles requiring forced air ventilation
have louvered vents with filtered suction; all breakers are rack
out marine type as per requirement; all breakers have Profibus
communications capability; all breakers with ratings greater
than 600 amps supplied with auto charging controls for stored
energy devices and remoter close solenoids; shore power
breaker is interlocked with the generator breakers; status of
main bus and interlock condition is indicated by visual indi-
cator (light); all breaker nomenclature to include breaker
setting information, load or source information and compo-
nent reference id; local and remote ground fault indications;
non conductive hand rails as per abs requirement; drip shields
as per ABS requirement; paint requirement is ASA 61 Polane
B or equivalent coating system; 15' color touch screen cen-
trally located in the switchgear for ease of monitoring system
status and/or alarm conditions; generator temperature rtds are
tied into pms alarm system with set points as per manufacture
specifications; engine—generator control system has auto/
off/manual mode selection for maintenance purposes; fire
pump controls to include soft start system to reduce magne-
tizing current throughput when starting motors. Soft starters
are complete with bypass contactors; and all status indication
lights located on front doors are 24 volt with exception of
generator status lights on generator control cubicle doors.

Still referring to FIG. 1, circuit breakers 76 A and 76B are
Siemens WL1000AF, rack out marine use (or equivalent);
600A rating plug, LSI electronic trip unit; 120VAC motor
charging unit; 120VAC remote close coil; 120VAC under
voltage trip unit, Profi Bus communications option; 3 sets NO
contacts; 3 sets NC contacts.

Circuit breakers 78A and 78B are Siemens WL3200AF,
rack out marine use (or equivalent); 3200A rating plug, L.SI
adjustable electronic trip unit; 120VAC motor charging unit;
120VAC remote close coil; 120VAC under voltage trip unit,
Profi Bus communications option; 3 sets NO contacts; 3 sets
NC contacts.

Circuit breakers 82A and 82B are Siemens WL1600AF,
rack out marine use (or equivalent); 1600A rating plug, L.SI
adjustable electronic trip unit; 120VAC motor charging unit;
120VAC remote close coil; 120VAC under voltage trip unit,
Profi Bus communications option; 3 sets NO contacts; 3 sets
NC contacts.

Circuit breakers 84A and 84B are Siemens WL3200AF,
rack out marine use (or equivalent); 2500A rating plug, L.SI
adjustable electronic trip unit; 120VAC motor charging unit;
120VAC remote close coil; 120VAC under voltage trip unit,
Profi Bus communications option; 3 sets NO contacts; 3 sets
NC contacts.

Referring now to FIG. 2, breakers 98A and 985 for charg-
ing systems 92A and 92B are shown. Breakers 98A and 98B
are Siemens WL1000AF, rack out marine use (or equivalent);
1000 A rating plug, LSI adjustable electronic trip unit;
120VAC motor charging unit; 120VAC remote close coil;
120VAC under voltage trip unit, Profi Bus communications
option; 3 sets NO contacts; 3 sets NC contacts.

Referring now to FIG. 3, there is shown system control 100
for controlling and monitoring drive system 10. Control sys-
tem 100 is comprised of two redundant systems, a pilot house
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controller 102 and a drive space controller 104. Both pilot
house controller 102 and drive space controller 104 are
capable of complete system control and monitoring indepen-
dent of each other. Each of pilot house controller 102 and
drive space controller 104 has a system control software that
resides in a National Instruments PXI-1042 chassis with a
real time operating system.

The controller chassis is configured with dual independent
profibus 106 A and 106B that provide separate control of the
port and starboard communication networks, respectively.
Profibus 106 A is the conduit of commands and data with local
subsystems in the port communications network including a
controller 108A for generator 20A, a monitor 110A for bat-
tery bank 30A, a controller 112A for a subsystem 113A for
inverters S0A, 52, 54 A and chopper 58A, a controller 114A
for a subsystem 115A for inverter 56A, a circuit breaker
116A, a motor starter 118A, a circuit breaker 120A and a
motor starter 122A. Some of the subsystems are simple moni-
tors that only report data (for example the battery voltage
monitors and circuit breaker status monitors). Other sub-
systems receive and execute commands as well as reporting
data (for example the motor controllers and the generator
controls). The inverter drive subsystems have an additional
level of control network. Commands and data are exchanged
with the system controller over Profibus, and the local con-
troller coordinates the operation of inverter modules using a
CAN bus.

Similarly, profibus 106B is the conduit of commands and
data with local subsystems in the starboard communications
network including a controller 108B for generator 20B, a
monitor 110B for battery bank 30B, a controller 112B for a
subsystem 113B for inverters 50B, 54B and chopper 58B, a
controller 114B for a subsystem 115B for inverter 56B, a
circuit breaker 116B, a motor starter 118B, a circuit breaker
120B and a motor starter 122B. Like in the port network,
some of the subsystems of the starboard network are simple
monitors that only report data (for example the battery volt-
age monitors and circuit breaker status monitors). Other sub-
systems receive and execute commands as well as reporting
data (for example the motor controllers and the generator
controls). The inverter drive subsystems have an additional
level of control network. Commands and data are exchanged
with the system controller over Profibus, and the local con-
troller coordinates the operation of inverter modules using a
CAN bus.

Control system 100 provides reliable and responsive
operation of all of the elements of the power system through
a simple and redundant operator interface. Primary control is
performed from the pilot house where pilot house controller
102 is controller using pilot house manual controls 130, such
as switches, knobs, levers, and joysticks, at the left edge of the
diagram. Clear visual feedback of propeller speed can be
provided on two dial gauges. Pilot house manual controls 130
are supplemented by a touch screen computer display 132.
Touch screen computer display 132 provides detailed oper-
ating status information. A graphical user interface lets the
operator select the data to be displayed, change operating
modes and limits, and acknowledge status messages. The
underlying philosophy is that time-critical and frequently
used controls have dedicated manual inputs, and the rest are
accessed through the touch screen.

Pilot house manual controls 130 and pilot house touch
screen monitor 132 are connected to pilot house control 102,
which is a modular controller chassis running a real time
operating system. This unit contains the control and interlock
programming that coordinates system operation. It commu-
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nicates with the power system components over the two sepa-
rate profibus networks profibus 106A and 106B.

The redundant set of controls drive space 104 is located in
the drive space of the vessel and is connected to drive space
manual controls 140 similar to pilot house manual control
130 and drive space touch screen monitor 142 similar to pilot
house touch screen monitor 132. Drive space controller 104
provides local monitoring and display of system status, but
only exerts control if assigned by the pilot house or if pilot
house controller 102 is offline. This architecture provides a
high degree of protection because each of the independent
communication networks can be independently controlled by
two physically separate control stations.

In a typical configuration, the control system and hardware
configuration has the safety features designed into the system.
The safety functions are broken into specific hardware and/or
operating function groups. Examples of such safety functions
include the following:

SAFETY FUNCTION ACTION

Reverse Power
Over Speed

Trip Breaker-Engine Shut down
Trip Breaker-Engine Shut down

Under Voltage Trip Breaker

Over Voltage Trip Breaker

Generator Over Temp Alarm

Synchronization Check Breaker Closure Control Permissive

Ground Fault Alarm

DC Bus 40A Fault Alarm - Shutdown

DC Bus 40B Fault Alarm - Shutdown

Charging Unit 92A Fault Alarm - Reduction output Battery Bank 30A

Charging Unit 92bB Fault ~ Alarm -
Propulsion Motor Overtemp Alarm -

Reduction output Battery Bank B
Shut Propulsion Motor

The control system and hardware configuration of drive
system 10 has several interlock functions suitable for the
operation of drive system 10. Such interlock functions
include the following:

Shore Power Breaker interlocked with Energized Bus Sen-

sor. Shore Power Breaker cannot be closed with AC Bus
18 energized or Generator 20A or Generator 20B
breaker closed.

Battery Banks 20A and 20B—Tie manual DC contactor
switches. Logic statement is as follows;

A=1,B=1,T=0

A=0,B=1,T=00R 1

A=1,B=0,T=00R 1

Fire Pumps Disabled unless FIRE FIGHTING Mode
selected.

Main Propulsion Drives not enabled unless permissive
received from aux function enable circuit (Shottel Sys-
tem or Equivalent).

AC/DC Converters 25A & 25B cannot be enabled if DC
Bus 40 fault exists.

Port MCC drive feed interlocked with backup 480 VAC
Bus feed breaker. Normal operation is from AC drive
inverter supply. Back emergency failure mode is fed
from 480-volt bus.

Starboard MCC drive feed interlocked with backup 480
VAC Bus feed breaker. Normal operation is from AC
drive inverter supply. Back emergency failure mode is
fed from 480-volt bus.

Drive system 10 and the vessel utilizing drive system 10 are
appropriately designed to operate in three different modes,
namely, the green mode, the tow mode and the firefighting
mode. Green mode is the default mode of operation. The
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operator can select either tow mode or firefighting mode to
override some of the automatic power management functions
of the control system.

In the green mode the vessel is supplied power only by the
batteries in battery banks 30A and 30B without utilizing the
diesel engines for ship propulsion and/or ship service. Con-
trol system 100 energizes diesel engines 10A and 10B and
generators only when needed to provide peak power or bat-
tery charging. The batteries in battery banks 30A and 30B
hold enough energy to sustain 300 Hp of incidental loads for
over 8 hours between charges; however battery life is
increased if more shallow discharge cycles are used. Genera-
tors 20A and 20B come on line automatically based on a
combination of the load and the battery state of charge. In the
green mode, the minimal use of diesel engines cause substan-
tial reduction in noise level, energy consumption and carbon
emissions. Green mode is designed for operating the tugboat
between locations when it is not towing another vessel and for
dockside operations.

The tow mode may be manually selected by the operator.
Selecting tow mode energizes diesel engines 10A and 10B
and generators 20A and 20B so that they will be available
immediately to support peak power demands. The voltage
from generators 20A and 20B maintains a float charge on
battery banks 30A and 30B except at very heavy loads, where
power is drawn from battery banks 30A and 30B to supple-
ment generators 20A and 20B.

The fire fighting mode may be manually selected by the
operator. Firefighting mode energizes both diesel engines
10A and 10B and generators 20A and 20B, and gives priority
to the fire pumps that are driven by fire pump motors 72A and
72B. The power available to nonessential systems is limited
in this mode. The fire pumps receive AC power directly from
generators 20A and 20B, and are not dependent on battery
banks 30A and 30B or power conversion electronics.

The drive system operating modes differ in the sources of
power and the path that the power takes to the load. Each of
the vessel operating modes may include several different
drive operating modes. In normal operation the control sys-
tem automatically selects the drive system operating mode;
however in some cases the operator may directly select the
operating mode for maintenance or emergency conditions.
For example, the maintenance schedule might call for battery
equalization to be run once every six months. The port and
starboard sides of the drive system may be in the same or
different modes at any time.

If the vessel is in green mode, there is sufficient charge in
battery banks 30A and 304, and the load is not too heavy, the
drive system will run on battery power. At no load and full
charge the battery voltage will be 675 volts DC. At 500
Horsepower total load the voltage will show a relatively mod-
est droop to 660 volts. The system could be run under this
condition for over five hours from fully charged batteries;
however starting diesel engines 10A and 10B and generators
20A and 20B periodically will increase the service life of
battery banks 30A and 30B by removing load (current draw)
from battery banks 30A and 30B and providing charging
current, which will be proportional to the overall system load.

An analysis determines the optimal generator starting sce-
narios. For example, at 90% state of charge the diesels might
be programmed to come on at a load equal to 25% of the
one-hour discharge current, and 10% current at 75% state of
charge. The goal of the optimization is to minimize pollution
and fuel use, while maximizing service life.

When operating from battery power there is no voltage on
the AC bus 18 coming in to rectifiers 25A and 25B. All AC
power for the MCCs and motor loads is synthesized from
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battery voltage from DC Bus 40A and DC bus 40B by the
inverters. The battery state of charge is calculated by measur-
ing the battery cell voltage, temperature, and load current
using networked integrated circuit boards attached to the
batteries.

When generators 20A and 20B are brought on line they
feed AC power to rectifiers 25A and 25B, which in turn
provide DC power to battery banks 30A and 30B and invert-
ers. [fthe AC voltage is low the rectifier output will be too low
to feed power into DC bus 40, and the system will continue to
run from battery power. As the AC voltage is increased, the
rectifier will start to take load off of the batteries, causing the
battery terminal voltage to increase. If the AC voltage is
increased further, the rectifier will provide all of the load
current to the inverters and will also provide current to
recharge the batteries. The power output of the generators and
the charging rate of the batteries can be controlled by varying
the generator voltage over a fairly narrow range. This concept
is unique in that the excitation level is varied due to the
charging rate needed for the battery bank. The excitation has
limits placed upon it so not to exceed the maximum limits of
the DC bus attached to the AC drive units.

Good control of the DC bus voltage is essential for maxi-
mum battery life. The applied charging voltage must be
adjusted for battery operating temperature, and the charging
current must be limited to avoid excess heating. Also, over-
charging must be avoided because it can lead to gas discharge
or thermal runaway. For this reason, it is very important that
the generator voltage be automatically adjusted by the auto-
mated power control system.

As in battery power mode, when generators 20A and 205
are on, all AC voltages for the MCCs and motor loads are
synthesized from DC voltage by the inverters. However, AC
power from generators 20A and 20B is available to the fire
pumps connected directly to the 480 volt Bus in this mode.
Generators 20A and 20B can be run separately to regulate
battery banks 30A and 30B independently, or the AC bus 40A
and AC bus 40B can be cross connected to charge both battery
banks from a single generator or a pair of synchronized gen-
erators. When operating in this mode the generator VAR
sharing circuits are synchronized to provide current from the
same amplitude of current from each generator.

When the vessel is connected to 480 volt shore power via
shore power connections 15A and 15B, battery banks 30A
and 30B can be charged and loads can be run without pow-
ering generators 20A and 20B. The preferred connection for
shore power is directly into the port and starboard MCCs.
With this configuration MCC loads can be run even if the
drive electronics or batteries are disabled for maintenance.

Battery charge regulation is provided by inverters 50A and
50B that normally synthesize MCC power from the battery
voltage. They operate as boost rectifiers to provide the proper
charging voltage for battery banks 30A and 30B. At room
temperature the battery voltage is regulated to 690 volts to
maintain a float charge, or 750 volts for a fast charge or charge
equalization. At higher temperature the voltages is reduced.

Shore power can also be connected to AC bus 18 at the
generators. This allows the fire pumps to be operated, and
allows charging of battery banks 30A and 30B through rec-
tifiers 25A and 25B. It should be noted, however, that only a
low level of charge is possible through this path unless the
incoming voltage exceeds 480 volts.

A variety of maintenance modes are available to deal with
unusual situations. For example, bypass circuits allow the
MCCs to be connected directly to the output of generators
20A and 20B, or allow the fire pumps to operate from the
MCCs. Both battery banks 30A and 30B can be charged from
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a single generator 20A or 20B. The port and starboard invert-
ers can be cross connected to operate from a single battery
bank 30A or 30B. By providing such designs, when a failure
occurs in the system, such failure causes only a partial and not
atotal disablement of the vessel thereby allowing the vessel to
operate.

The use of the combination of battery banks 30A and 30B
and generators 20A and 20B allows for reduction of use of
generators 20A and 20B in certain operating modes and, more
particularly, in the green mode. The battery output from bat-
tery banks 30A and 30B is connected to DC bus 40 that
provides power to the AC drives which are electronically
controlled and provide power to the thrusters and all ships
service. The tugboat has the ability to be mobilized without
the need to operate generators 20A and 20B and can operate
for prolonged periods on battery power alone. Generators
20A and 20B are only used in the towing mode, fire fighting
mode or when charging the batteries. As a result, fuel con-
sumption is reduced thereby reducing fuel costs and carbon
emissions from the vessel. It is estimated that carbon emis-
sions are reduced by as much as 90 percent as compared to the
previous designs of tugboats and operations.

In drive system 10, power may be drawn from generators
20A and 20B, shore power connections 15A and 15B, or
battery banks 30A and 30B. Power may be drawn by large
loads, such as the thrusters, steering, winch, and battery, or by
smaller loads attached to the motor control centers. System
efficiency is maximized by streamlining the paths among the
loads and sources, and by ensuring seamless transitions as
conditions change.

The control system of drive system 10 is configured to draw
energy from the most efficient source. In addition the system
supports re-generation to channel energy from the drive back
into battery banks 30A and 30B under certain conditions as
previously described.

The replacement of diesel engines and generators with
battery banks 30A and 30B reduces the size of the drive line
and the overall space required for it. It is estimated that the
space is about 50% smaller than that required for other com-
mercial drives.

The use of a set of identical modules TIM-200 allows for
their replacement at sea without an electrician and results in
reduction of down time and maintenance costs. Modules
TIM-200 are automatically re-programmed for the specific
application and can be swapped at sea. For example, the
winch drive requires a single module while each thruster uses
15 modules. If a winch drive module fails, it can be replaced
by one of the thruster modules and while the maximum
thruster power would be limited slightly, the winch would be
fully operational.

Drive system 10 is designed to comply with the design and
manufacture specifications of the American Bureau of Ship-
ping as found in the Rules for Steel Vessels 2007, and subse-
quent amended documents with regard to ABS manufactur-
ing rules for steel vessels of this class with special emphasis
on redundancy and emergency mode requirements referred to
in Part 4 Chapter 8.

The system is controlled by standard software that are
available with the components of the system. The software is
suitably programmed to control the operation as described
herein.

The operating system design of the marine hybrid propul-
sion system allows for the vessel to make way without the
need to operate any diesel engines. This is considered unique
as no other system has this ability. The unique design features
are described below.
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The control system allows for vessel to be under way
without the need for diesel engine power source to be online.
This is unique to the vessel operating system from all other
propulsion control systems. The result is a dramatic fuel
reduction usage due to the requirement that no prime movers
are needed for propulsion and ships service power, carbon
emissions are inherently reduced for the same reason plus a
dramatic reduction in baseline ambient noise of the vessel in
operations. All three of these areas are beneficial to harbor
operations for tug boats and ferries.

Battery system charge can be refreshed rapidly by precise
control of engine (prime mover) RPM and generator voltage
output (due to the variable excitation control system) without
affecting the power output control capability of the propul-
sion system or the vessel service supplies. During rapid
refresh the needed power output from the controlled power
output devices are constant and consistent with the power
needed for any specific purpose.

In any mode of operations, the vessel hull inertial stored
energy can be harvested with reduction of vessel speed com-
mands and returned to the energy storage system (battery
banks) by the automated electronic control system or the
energy can be placed into the vessel ships service system.
This maximizes overall power system efficiency by harvest-
ing ships hull inertial energy and subsequent conversion to a
usable source energy.

Power is supplied to the vessel by one of three most effi-
cient sources as defined by the vessel’s automated vessel
power management system. The three (3) sources of power
are:

(a) Stored energy battery supply power source, which
depending upon the system design is between 1.5 mega
watt to 10 megawatts;

(b) Diesel engine generator power source; and

(c) Shore power source when connected dockside.

In the latter case, the stored energy charging system and the
vessel’s service power used are transferred to the most effi-
cient source which is located at the power generation plant.
Typically power generation plants are regulated thereby lim-
iting the total amount of carbon emissions allowed per kilo-
watt hour of power generated.

Battery storage and power delivery system is managed on
a per cell and per group basis. This allows for very efficient
power management into and out of the battery stored energy
system.

The vessel control system is designed with a green mode of
vessel operations unique to the system operating system
design. As previously stated, this allows the vessel to make
way (propulsion systems and ships service systems active)
without the need to have diesel engines operating, resulting in
reduced carbon fuel consumption and the resultant reduced
carbon emissions. The green mode of operations also allows
for reduced sound decibel levels during operations, which
benefits local populations and the personnel operating the
vessel onboard. The power draw from the stored energy sys-
tem is electronically monitored and controlled by the unique
control system design in the following method and results:

(a) The stored energy is calculated and the energy draw-
down is electronically controlled based upon the total
available energy calculation of the stored energy battery
system,

(b) The AC propulsion drive current limits are continuously
monitored and adjusted and so the propulsion system
efficiency is considered during operation to maximize
total system efficiency. This is seamless to the vessel
operator and comparable to the fly by wire operation of
air craft and modern automobiles.
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(c) As stated above, by slowing the vessel down during
green mode the energy from the vessel is harvested by
the permanent magnetic propulsion motors and deliv-
ered back to the stored energy system or to the ships
service power system. Either way, there is a reduction of
energy draw from the stored energy system thus maxi-
mizing efficiency of the overall power system.

Vessel automated power management allows for dramatic
drop in DC bus voltage in emergency vessel operating con-
ditions. These conditions are defined as the vessel being
underway and the use of diesel engine power generating
plants are lost (for whatever reason, mechanical problems,
loss of fuel supply, etc.). The AC drive operating algorithms
allow for a wide range of DC bus fluctuations which allow for
large draw down in power from the energy storage battery
banks in emergency operating states as defined. This is unique
to the system operating design.

Sufficient warnings to the operator by the vessel control
automation system are provided to alert the operator to
adverse equipment conditions. These include the cell by cell
monitoring of the stored energy system (batteries), therefore
the operating system provides advance notice of any potential
adverse equipment condition. The battery cell monitor pro-
duces an alarm condition if the cells have a differential volt-
age in excess of 1 volt DC. The battery monitoring system
senses, displays and records the temperature of each indi-
vidual battery cell. The operating system is programmed to
predict a cell failure in advance.

While a preferred embodiment of the present invention has
been illustrated and described, various changes and modifi-
cations can be made by one skilled in the art without departing
from the spirit and scope of the invention and it is intended to
cover in the appended claims all such changes and modifica-
tions that are within the scope of this invention.

What is claimed is:

1. A system for balancing power between electrical devices
on a vessel using a digital signal processor that enables a
particular module to respond instantly and correctly to chang-
ing voltages, currents and temperatures on the vessel, the
system comprising:

a. a rectifier, for converting AC current to DC current;

b. a generator connected to the rectifier;

c. an AC bus in communication with shore power or a

charging system and the rectifier,

d. a DC bus in communication with the rectifier;

e. a battery bank in bi-directional communication with the
DC bus;

f. an inverter in communication with the DC bus;

g. a prime mover;

h. a load regenerating device connected to the inverter,
wherein the rectifier is configured to provide regener-
ated power from the prime mover, load regenerating
device, or combinations thereof to the battery bank; and

i. a control and monitor system in communication with the
battery bank and the generator, wherein the control and
monitor system has predefined battery specification
stored therein and wherein the control and monitor sys-
tem is adapted to:

1. monitor the battery bank and to automatically start the
generator, prime mover, or combinations thereof;,

2. automatically close the DC bus, when one or more
batteries in the battery bank falls below a predeter-
mined load, or the charge level of one or more of the
batteries is depleted past 60 percent of the charge level
thereof;

3. relieve a current draw from the battery bank;

4. provide charging current to the battery bank;
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5. control the generator to ensure one or more batteries
of the battery bank are not overcharged; and

6. draw power from the generator, shore power, charging
source, load regenerating device, prime mover, or
combinations thereof, and redirect energy from the
generator, the prime mover, the load regenerating
device, or combinations thereof to the battery bank.

2. The system of claim 1, wherein the battery bank com-
prises a voltage sensor for scaled voltage feedback of the
monitored batteries when voltage is reduced below preset
levels.

3. The system of claim 2, wherein the control monitor unit
reads full cell voltage, voltage sensor, and local ambient
temperature.

4. The system of claim 1, wherein the control and monitor
system is configured to monitor and control generator exci-
tation level to control a charging rate of the battery bank.

5. The system of 1, wherein the load regenerating device is
a winch motor, steering motors, thruster motors, fire pump
motors, motor control centers, or combinations thereof.
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6. The system of claim 4, wherein the control and monitor
system prevents generator excitation levels from exceeding a
maximum excitation level of the DC bus.

7. The system of claim 1, wherein the DC bus in commu-
nication with the rectifier is a split DC bus.

8. The system of claim 1, further comprising a resistive
dissipation system for dissipating excess power.

9. The system of claim 8, wherein the resistive dissipation
system comprises a chopper and a grid resistor.

10. The system of claim 1, further comprising from 1
inverter to 10 inverters.

11. The system of 1, wherein the control and monitor
system comprises dual independent profibus that provide
separate control of port and starboard communication net-
works.

12. The system of claim 1, wherein the generator and the
prime mover are variable speed, and wherein the generator is
variable voltage to control charge and discharge rates of the
battery bank.



