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HYBRID BATTERY/GAS TURBINE LOCOMOTIVE

Technical Field

The invention relates to the field of locomotives and more
particularly to locomotives powered by electric motors in which electric power

is supplied by batteries charged by a fuel-powered generator.

Backeround Art

Existing railroad locomotives are typically powered by diesel
electric engines in which a diesel motor drives an electric generator to produce
electric power to drive electric motors which in turn drive the drive wheels of
the locomotive. The present inventor has disclosed the use of gas turbine
engines fuelled by compressed natural gas in substitution for the traditional
diesel engine in his United States patent no. 5,129,328 issued July 14, 1992,
and as a booster unit for the diesel engine in his United States patent no.
4,900,944 issued February 13, 1990.

The use of electric batteries in combination with a heat engine is
known for automobiles, buses and other road and highway vehicles. Such |
hybrid engines for vehicles are advantageous due to their increased fuel
efficiency and reduced pollution. In those applications, it is important to
minimize the weight of the batteries to maintain fuel efficiency. Electric
batteries have been used to store electric power to drive electric locomotives.
See Manns United States patent no. 1,377,087 issued May 3, 1921. In Manns,
three standard diesel engines are used to drive generators to charge the storage
batteries. Such a system has not achieved commercial acceptance over existing
diesel electric locomotives due to the added cost and complexity of providing
multiple diesel engines in addition to the storage batteries.

There is therefore a need for a fuel-efficient locomotive which

uses a hybrid combination of storage batteries and a fuel-powered generator.
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Disclosure of Invention

The present invention provides a locomotive in which a gas
microturbine generator provides recharging for the batteries. More particularly,
the invention provides a locomotive comprising: i) a plurality of traction motors
for driving a plurality of axles; ii) a traction power controller for controlling the
traction motors; iii) battery storage means for storing electric energy and
supplying the electric energy to the traction motors, having an energy capacity;
iv) a generator electrically connected to the battery storage means for
maintaining the battery storage means in a charged state; v) means for
controlling the operation of the generator by monitoring the state of charge of
the battery, initiating the operation of the generator when the state of charge is
below a certain limit and terminating the operation of the generator when the
state of charge is above a certain limit; wherein the ratio of the charging power
of the generator to the energy storage capacity is between 4 and 40 hours.
Preferably the energy storage capacity is between 500 and 2000 kW hours; and
the charging power of the generator is between 25 and 250 kW. Preferably the
generator is one or more gas microturbines or a fuel cell/microturbine
combination.

The invention also provides amethod of operating a locomotive
which comprises: 1) a plurality of traction motors for driving a plurality of
axles; ii) a traction power controller for controlling the traction motors; iii)
battery storage means for storing electric energy and supplying the electric
energy to the traction motors, having an energy capacity; iv) a generator
electrically connected to the battery storage means for maintaining the battery
storage means in a charged state; and v) means for controlling the operation of
the generator by monitoring the state of charge of the battery, initiating the

operation of the generator when the state of charge is below a certain limit and
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terminating the operation of the generator when the state of charge is above a
certain limit; and wherein the ratio of the charging power of the generator to
the energy storage capacity is between 4 and 40 hours, the method comprising
running the generator under a constant load at its maximum power output for a

sustained'period of time.

Brief Description of Drawings

In drawings which disclose a preferred embodiment of the
invention:

Fig. 1 is a longitudinal cross-sectional view of the locomotive

according to the invention; and

Fig. 2 is a schematic block diagram illustrating the elements of

the invention.

Best Mode(s) For Carrying Out the Invention

With reference to the drawings, a locomotive 10 has wheels 12
driven by electric traction motors 14. Electric power for the traction motors is
supplied by storage battery 16, which preferably has a 1,000 kWh storage
capacity and may, for example, be constructed of a collection of commercially
available lead acid batteries of the flooded type. Due to the needs of
locomotives it is not necessary to limit the weighf of the storage battery. Indeed
the weight of the storage battery assists in providing the traction necessary for
the locomotive function. Power for the traction motors 14 is controlled by
traction power controller 18 which may use a chopper or more than one
chopper. Controller 18 also controls traction motor rotation direction, wheel
slip detection and correction. It is provided with a signal 20 from the

locomotive cab 22 indicating throttle and direction information. Preferably it is
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a 1500 kW traction power controller using PWM (pulse width modulated
chopper) to control both voltage and current to the traction motors. The
controller 18 also contains reverser and traction motor isolation capability.

Battery 16 is charged by a microturbine generator 22 which
comprises a gas microturbine 24 which drives alternator 26 to provide a 600
volt DC power supply to battery 16. By "microturbine" is meant a small gas
turbine fuelled by natural gas, diesel fuel or other gaseous or liquid fuel, which
operates at between 25 and 400 kW. The generator 22 keeps the battery in a
range of charge states that maximizes energy efficiency and only provides, as
needed, an equalizing cycle. Since batteries operate less efficiently when
highly charged, a high charge state is only obtained to equalize the batteries at
periodic maintenance periods. Preferably the microturbine generator is a 70
kW or 80 kW microturbine such as the POWERWORKS™ microturbines
manufactured by Northern Research and Engineering Corp. division of
Ingersoll Rand, or those made by Capstone, Elliott Magnetek and others. It has
a rectified and regulated output. Because of the relative size of the microturbine
generator it will be fully loaded at maximum efficiency for the microturbine
and the generator voltage will rise in tandem with the battery voltage giving a
modest charge rate for the maximum charge efficiency. The fuel supply for the
natural gas turbine may be compressed gas cylinders as disclosed in United
States patent no. 5,129,328. Other gaseous or liquid fuels may also be used.
Also, more than one microturbine may be used. For example, two Capstone
microturbines each generating 30 kW could be used instead of a single
microturbine. In such applications the multiple microturbines can function as a
single unit or be phased in or stepped in independently as needed.

Furfher, the generator may comprise a dual cycle arrangement
consisting of a microturbine/fuel cell combination. In such combinations, a
high temperature fuel cell serves as a combustor or high temperature source for

the microturbine. An example is the hybrid generating plant developed jointly
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by northern Research and Engineering Corp. and Siemens Westinghouse Power
Corp. which integrates a pressurized 200 kW solid oxide fuel cell with a 50 kW
POWERWORKS™ microturbine. The microturbine compressor pressurizes
the fuel cell and exhaust gas at 1,500 degrees F. from the fuel cell is supplied to
the turbine's gasifier and free power turbines, driving the compressor and an
electric generator respectively. This results in a very fuel efficient generating
plant.

The control of the microturbine generator is handled by an
onboard PLC 30 (programmable logic controller) which monitors the state of
the battery charge, the ambienf temperature and has a clock/calendar for battery
equalization. As the battery approaches its gassing voltage, which represents a
high state of charge, the microturbine generator shuts down. Conversely, as the
charge of battery 16 drops below a certain level the microturbine is started. A
high state of charge will occur only for battery equalization maintenance when
all the cells are brought up to full charge. Thus the microturbine prime mover
is sized so that it will run under a constant load at the maximum power output
for a sustained period of time. |

Auxiliary loads draw from the battery charge source at a nominal
600 V DC which is converted by an inverter 32 to 480 V AC to run the
locomotive's air compressor 34, traction motor blowers 36 and a 75 V battery
charger 38, which is used to charge a 64V battery for powering the control and
lighting. Inverter 32 is preferably a 50 kW plus inverter. Air compressor 34 is
preferably 30 horsepower, traction motor cooling blowers 36 are preferably 20
horsepower and battery charger 38 is 5 kW.

The present invention is particularly suited to the yard switcher
locomotives which do not require a long term of sustained power but rather
short term power requirements which permits the continual recharging to be
done by a relatively small generator. The ratio of the energy storage capacity

of the storage battery 16 to the charging power source is important to achieve
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the goals of the invention, which is to minimize the cost, fuel consumption and
emission of pollutants of the microturbine generator. The ratio of energy
storage kwH to the charging power kW can be expressed as a number of hours.
The optimum performance of the invention has been found to be an 8 hour
charging rate period or longer, representing a maximum of 125 kW of charging
power per 1000 kwH of battery storage, although down to a 4 hour charging
period will be practical. Ideally the microturbine in these situations will be
operating continuously for a period of at least 1/2 hour, and preferably without
stopping (i.e. continuously for 100 hours or more). A battery energy capacity
between 500 and 2000 kwH is practical depending on the space and weight
constraints of the locomotive and the locomotive life-cycle cost considerations.
As will be apparent to those skilled in the art in the light of the
foregoing disclosure, many alterations and modifications are possible in the
practice of this invention without departing from the spirit or scope thereof.
Accordingly, the scope of the invention is to be construed in accordance with

the substance defined by the following claims.
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WHAT IS CLAIMED IS:
1. A locomotive comprising:

1) a plurality of traction motors for driving a plurality of
axles; ‘

5 it) a traction power controller for controlling said traction
motors;

iii)  battery storage means for storing electric energy and
supplying said electric energy to said traction motors, having an energy
storage capacity;

10 iv)  a generator having a charging power and electrically
connected to said battery storage means for maintaining said battery
storage means in a charged state;

V) means for controlling the operation of said generator by
monitoring the state of charge of said battery, initiating the operation of

15 said generator when said state of charge is below a certain limit and
terminating the operation of said generator when said state of charge is
above a certain limit;

wherein the rétio of the total charging power of said

generator to said energy storage capacity is between 4 and 40 hours.

20
2. The locomotive of claim 1 wherein the ratio of the total charging power
of said generator to said energy storage capacity is greater than or equal
to 8 hours.
25 3. The locomotive of claim 1 wherein said energy storage capacity is

between 500 and 2000 kW hours.

4. The locomotive of claim 1 wherein said energy storage capacity is 1000

kW hours.
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The locomotive of claim 1 wherein the total charging power of said

generator is between 25 and 250 kW.

The locomotive of claim 1 wherein the total charging power of said

generator is between 70 and 125 kW.
The locomotive of claim 1 wherein said generator is a microturbine.

The locomotive of claim 1 wherein said generator comprises two or

more microturbines.

The locomotive of claim 1 wherein said generator is a combination

microturbine/ fuel cell.

The locomotive of claim 1 wherein said battery comprises a lead acid

battery.
The locomotive of claim 1 which is used as a switcher locomotive.

The locomotive of claim 1 wherein said traction power controller

controls voltage and current to the traction motors.

The locomotive of claim 1 wherein said means for controlling the

operation of said generator comprises a PLC.

The locomotive of claim 1 wherein said means for controlling the

operation of said generator comprises electronic or relay logic.
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A method of operating a locomotive which comprises: i) a plurality of
traction motors for driving a plurality of axles; ii) a traction power
controller for controlling said traction motors; iii) battery storage means
for storing electric energy and supplying said electric energy to said
traction motors, having an energy capacity; 1v) a generator electrically
connected to said battery storage means for maintaining said battery
storage means in a charged state; and v) means for controlling the
operation of said generator by monitoring the state of charge of said
battery, initiating the operation of said generator when said state of
charge is below a certain limit and terminating the operation of said
generator when said state of charge is above a certain limit; and wherein
the ratio of the charging power of said generator to said energy storage
capacity is between 4 and 40 hours, said method comprising: running
said generator under a constant load at its maximum power output for a

sustained period of time.

The method of claim 15 wherein said operation is modified only during

a period of battery equalization.
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