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METHOD FOR MONITORING AND
CONTROLLING TRACTION MOTORS IN
LOCOMOTIVES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part
under 35 U.S.C.§ 120 of copending U.S. Application Serial
No. 10,083,587 filed on Feb. 26, 2002, entitled “Sequenced
Pulse Width Modulation Method and Apparatus for Con-
trolling and Powering a Plurality of Direct Current Motors™,
to Donley, which is incorporated herein by this reference.

[0002] Cross-reference is made to copending U.S. appli-
cation Ser. No. , filed Aug. 26, 2003, entitled “A
Method for Monitoring and Controlling Locomotives,” to
Donley, et al., which contains related subject matter and is
incorporated herein by this reference.

FIELD OF INVENTION

[0003] The present invention relates generally to a method
and system for optimizing the performance and maintenance
profile of a locomotive by exercising control over various
aspects of the drive train including control over individual
drive axles.

BACKGROUND OF THE INVENTION

[0004] Existing railroad locomotives are typically pow-
ered 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 a
gas turbine engine fueled by compressed natural gas in
substitution for the traditional diesel engine in his U.S. Pat.
No. 5,129,328 issued Jul. 14, 1992, and as a booster unit for
the diesel engine in his U.S. Pat. No. 4,900,944 issued Feb.
13, 1990, both of which are incorporated herein by refer-
ence.

[0005] The use of energy storage batteries in combination
with a generator 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 effi-
ciency. Electric batteries have been used to store electric
power to drive electric locomotives as, for example, dis-
closed by Manns in U.S. Pat. No. 1,377,087 issued May 3,
1921 which is incorporated herein by reference. 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 loco-
motives due to the added cost and complexity of providing
multiple diesel engines in addition to the storage batteries.

[0006] The present inventor has also disclosed the use of
a battery powered locomotive which has a ratio of energy
storage capacity to charging power in the range of 6 to 40
hours in his U.S. Pat. No. 6,308,639 issued Oct. 30, 2001
which is also incorporated herein by reference.

[0007] The present inventor has also disclosed the use of
individual chopper circuits associated with individual drive
axles in his copending U.S. patent application Ser. No.
10/083,587 filed on Feb. 26, 2002.
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[0008] There remains a need for a fuel-efficient locomo-
tive which uses a combination of a small fuel-powered
generator, a substantial energy storage capacity, and control
systems that regulates and maintains the power train at
maximum fuel efficiency and minimizes maintenance. Such
control systems would also allow greater command over
individual drive axles to help alleviate undesirable condi-
tions such as non-synchronous wheel slippage and wheel
locking.

SUMMARY OF THE INVENTION

[0009] These and other needs are addressed by the various
embodiments and configurations of the present invention.
The present invention is directed generally to an integrated
method for monitoring, controlling, and/or optimizing an
electrically powered locomotive.

[0010] Ina first embodiment, each axle assembly, which is
typically an axle, a traction motor, and two wheels, is
monitored and controlled independently using one or more
sensors and a control feedback loop. The locomotive typi-
cally includes a plurality of axle assemblies, a primary
energy source, an energy storage unit, and an energy con-
version device to convert the energy output by the primary
energy source into a form suitable for storage in the energy
storage unit.

[0011] For example, in one configuration an individual
chopper circuit is provided for each traction motor. Each
chopper circuit typically includes a drive switch, a free-
wheeling bypass, which further includes a free-wheeling
gate, and a filter to absorb voltage transients and smooth
motor current ripples during switching. During any selected
time interval, each chopper circuit is either in the driven or
free-wheeling mode. In the driven mode, the drive switch is
conducting and a power pulse is provided to the traction
motor. In the free-wheeling mode, the drive switch is
non-conducting and the power pulse circulates through the
free-wheeling bypass circuit. By time sequencing the power
pulses to individual traction motors, the current draw on the
energy storage system can be minimized over a significant
portion of the operating range since instantaneous current
requirements from individual motors are not additive. This
independence of individual current requirements can have
the positive effect of reducing both the impedance seen by
the energy storage unit and the internal resistive losses
sustained in the energy storage unit. The flexibility of
individually controlling power to the traction motors can be
an efficient and effective approach to correcting non-syn-
chronous wheel slip. The simplified circuit affords a straight-
forward means of smoothly removing and then restoring
power to a slipping wheel while maintaining the pre-slip
level of power to the wheels not experiencing slip. This can
have the advantage of significantly reducing the power
requirements and tread wear typically experienced with
incidents of non-synchronous wheel slip.

[0012] In yet another example, the revolutions per minute
of each axle are monitored to detect wheel slip during
locomotive acceleration or wheel lock during braking. As
will be appreciated, wheel lock can occur when brakes are
applied and are either slow or unable to release upon
command. When the revolutions per minute exceed a
selected threshold, the controller assumes that the wheels on
the axle are slipping and controls power to the respective
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traction motor as set forth above. When the revolutions per
minute are at or near zero when the brakes have been applied
or after brakes have been released, the controller assumes, if
other motion detectors such as, for example, a doppler radar
system indicates locomotive movement, that the brakes are
locked and selectively applies a pressurized fluid, such as
air, to a fluid-activated brake release. The pressurized fluid
is forced through ports in the brake shoe (or pad in the case
of disc brakes) and against the braking surface to forcibly
release the brake shoe or pad from the braking surface.

[0013] In yet another embodiment, a controller controls an
excitation circuit to the energy conversion device to control
the load on the primary energy source. There are two
methodologies for controlling the excitation circuit. First,
when a first predetermined set point is exceeded by a first
monitored parameter, the excitation current is increased and,
when a second predetermined set point exceeds the first
monitored parameter, the excitation current is decreased.
The first monitored parameter is revolutions per minute of a
mechanical component of the prime energy source. Second,
when the first predetermined set point is exceeded by a
second monitored parameter, the excitation current is
decreased and, when the second predetermined set point
exceeds the second monitored parameter, the excitation
current is increased. The second monitored parameter is the
output power of the energy conversion device. In this
manner, the primary energy source, when operating, can be
reliably maintained at or near a peak fuel efficiency, maxi-
mum torque, maximum power or any other desired engine
operating condition.

[0014] In yet another embodiment, a controller is config-
ured to provide reliable speed control for the locomotive.
The velocity of the locomotive may be controlled by two
primary techniques. In a first technique, a substantially
constant power is maintained across each of the plurality of
traction motors. As will be appreciated, the power is related
to the specified velocity. In a second technique, the revolu-
tions per minute of each of the plurality of axles are
maintained at a rate related to the specified velocity. In these
technique, the individual monitoring of the power and/or
revolutions per minute of each axle assembly can permit
different powers pulses to be applied across each traction
motor. Such selective power pulse application can take into
account operational differences among the axle assemblies,
such as differently sized wheels, traction motors of differing
efficiencies, and the like.

[0015] In another embodiment, the energy storage unit of
the locomotive is configured as a bank of capacitors which
store at least most of the electrical energy. A pulse forming
network can be provided to convert the output of the
capacitors to a form acceptable to the traction motors. This
embodiment would be preferred if a bank of capacitors have
a higher energy density than a battery pack of comparable
storage capacity.

[0016] In a preferred embodiment, a controller unit and
system of sensors is used to monitor, synchronize and
optimize the operation of the locomotive drive train as well
as the individual drive axles especially during acceleration
and braking. The controller also provides the locomotive
operator with information through a system of performance
data and warnings that allow the operator to manually
override various functions in an emergency. The information
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and warnings may be provided by conventional means such
as warning lights and bells and the like, or by these con-
ventional means supplemented by and by a computer con-
sole that can access a variety of control and informational
screens.

[0017] These and other advantages will be apparent from
the disclosure of the invention(s) contained herein.

[0018] The above-described embodiments and configura-
tions are neither complete nor exhaustive. As will be appre-
ciated, other embodiments of the invention are possible
utilizing, alone or in combination, one or more of the
features set forth above or described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows the principal elements of the pre-
ferred embodiment.

[0020] FIG. 2 shows a schematic representation of sensor
locations for monitoring the power, charging and braking
systems of a battery-powered locomotive.

[0021] FIG. 3 shows an electrical schematic of a motor
generator with exciter field control.

[0022] FIG. 4 is a schematic representation of the ele-
ments of an energy storage battery pack.

[0023] FIG. 5 shows a schematic of a battery pack with all
racks connected in a series configuration.

[0024] FIG. 6 shows a schematic of a battery pack with
some of the racks connected in a parallel and some in series.

[0025] FIG. 7 shows a schematic of a battery pack with
some of the racks connected in a parallel and some in series
and reconfigurable for adding more output power.

[0026] FIG. 8 shows a schematic of a typical chopper
circuit illustrating the free-wheeling current path.

[0027] FIG. 9 shows an electrical schematic of a battery
energy storage system powering four DC traction motors.

[0028] FIG. 10 shows a sequence of non-overlapping
short power pulses as might be provided by the circuit of
FIG. 9.

[0029] FIG. 11 shows a sequence of power pulses that do
not overlap but also do not have any intervening space as
might be provided by the circuit of FIG. 9.

[0030] FIG. 12 shows a sequence of power pulses that
have some overlap as might be provided by the circuit of
FIG. 9.

[0031] FIG. 13 shows a sequence of power pulses that
have substantial overlap as might be provided by the circuit
of FIG. 9.

[0032] FIG. 14 shows a sequence of power pulses that
have continuous overlap as might be provided by the circuit
of FIG. 9.

[0033] FIG. 15 shows an electrical schematic of a capaci-
tor energy storage system powering four DC traction motors.

[0034] FIG. 16 shows a schematic of a rail truck assembly
illustrating the location of air brake cylinders.

[0035] FIG. 17 shows an isometric view of a typical rail
air brake system.
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[0036] FIG. 18 shows a schematic drawing of a brake
shoe with provisions for an air-actuated release mechanism.

[0037] FIG. 19 shows a schematic of how an air brake
release system might operate with a wheel tread brake.

[0038] FIG. 20 shows a schematic of how an air brake
release system might operate with a disc brake.

[0039] FIG. 21 shows a flow diagram for the logic for
main power control of a battery-powered locomotive.

[0040] FIG. 22 shows a flow diagram for the logic for a
fuel-efficient charging control for the charging apparatus of
a battery-powered locomotive.

[0041] FIG. 23 shows a flow diagram for the logic for an
air-braking and wheel lock release system for use on rail cars
and locomotives.

[0042] FIG. 24 shows a flow diagram for the touch screen
information and control system.

[0043]

[0044] FIG. 26 shows an example of a traction motor
summary screen.

[0045] FIG. 27 shows an example of an individual trac-
tion motor screen.

[0046]

screen.

FIG. 25 shows an example of a main menu screen.

FIG. 28 shows an example of a battery status

[0047] FIG. 29 shows an example of a battery monitoring
system screen.

[0048] FIG. 30 shows an example of a control tools
screen.

[0049] FIG. 31 shows an example of an alarm history
screen.

[0050] FIG. 32 shows an example of a digital input
monitor screen.

[0051] FIG. 33 shows an example of an output monitor
screen.

[0052] FIG. 34 shows an example of a warnings screen.
[0053] FIG. 35 shows an example of a derate and shut-

down screen.

DETAILED DESCRIPTION OF THE DRAWINGS

[0054] The present invention discloses an integrated
method for monitoring, controlling and optimizing an elec-
trically powered locomotive using a combination of sensors
and software to provide feedback that optimizes power train
efficiency and individual drive axle performance for a loco-
motive that utilizes one of several possible electrical energy
storage systems to provide the tractive power. A drive axle
is comprised of a DC traction motor, an axle and two wheels.
The locomotive includes at least two drive axles and can
typically include as many as 8 drive axles. In addition to
utilizing an electrical energy storage system and individual
chopper circuits for each of a subset of drive axles (which
typically is an individual chopper circuit for each drive
axle), the present invention incorporates a comprehensive
logic and software system to monitor, control and optimize
the flow of power in the locomotive. This system includes a
method of load control for the prime energy source; a
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method of releasing locked wheels; and a method of accu-
rately controlling the speed of the locomotive in the low
speed range. The net result is a locomotive that has an
integrated system of control over all aspects of the locomo-
tive power train including control over individual drive
axles, especially during acceleration and braking.

[0055] The locomotive power train generally includes the
following principal elements as shown in FIG. 1. A prime
energy source 1001 provides the basic energy to the system.
The prime energy source 1001 drives an apparatus or device
1002 for converting mechanical energy of the prime energy
source to a direct current (“DC”) output charging source. A
prime energy storage unit or device 1003 stores electrical
energy delivered by the conversion apparatus 1002 and
provides most of the power for the traction motors. The
locomotive may also include a number of auxiliary systems
represented here as a single element 1004. These include, for
example, auxiliary compressors (not shown), auxiliary
power supplies (not shown) of various voltages, heating and
cooling systems (not shown), and lighting and auxiliary
control equipment (not shown). In the present invention,
power is supplied to these auxiliary systems 1004, as
required, by the main energy storage system 1003 since the
charging source 1002 may or may not be operating.

[0056] The locomotive may have a plurality of axle
assemblies 1005, each of which is comprised of an axle
1006, wheels 1007, a traction motor 1008 and an air-brake
1009. The air-brake 1009 may be a conventional disc or
tread type rail braking system or it may be a conventional
braking system that includes an air-activated brake release
system used in wheel-lock situations, such as described in
FIG. 18. In the present invention, each axle assembly 1005
with a traction motor 1008 has a chopper circuit 1010
associated with it. Each chopper circuit 1010 derives its
power from the energy storage device 1003 and allocates
and configures the power flow from the energy storage unit
1003 to at least two of, and typically each of, the DC traction
motors 1008.

[0057] Inthe present invention, a locomotive master chop-
per control system 1015 and individual axle chopper circuits
1010 provide a method of controlling power provided from
the energy storage unit 1003 to the direct current traction
motors 1008. This method generally includes the steps of: a)
determining the power requirement for each motor 1008 at
each of a number of discrete, successive time intervals; b)
determining the necessary effective power pulse width,
amplitude and spacing to achieve the desired power for each
motor 1008 during a selected time interval; ¢) sequentially
pulsing power to at least some of the motors 1008 during the
selected or a subsequent time interval for a duration (or
length of time) necessary to achieve the power requirement
at each time interval.

[0058] The individual chopper circuits 1010 receive tim-
ing and power instructions from the locomotive master
chopper control system 1015 which includes a master clock
1051 (an integrated circuit that generates a series of pulses)
and pulse sequencer 1052 (an integrated circuit that
sequences the pulses into uniform periods for purposes of
the pulse width regions for each motor). Each chopper
circuit 1010 includes at least its own: pulse width modulator
1053 (provides “clipped’ triangular waveforms that result in
the creation of a series of pulses, which is used essentially
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to toggle the power switch devices on and off according to
the pulses); and drive switch 1054 (insulated gate bipolar
transistors, abbreviated as IGBTs, that are switching devices
capable of sequentially ‘pulsing’ the power source to the
different motors at a very fast rate). A latching circuit (not
shown), can also be provided that is set so that after the
IGBT has failed to fully saturate or a fault current has been
detected, it will interrupt the drive to the IGBT. This forces
the IGBT off and prevents the IGBT from operating into a
short circuit. The latching circuit can be provided by an
electronic circuit board or by software logic associated with
logic unit 1011 described below.

[0059] All of the principal elements of the locomotive are
monitored, co-ordinated and controlled by a such as, for
example, a Programmable Logic Circuit (“PLC”), a micro-
controller, or an industrial computer. The logic unit 1011
includes: a ramping function 1061 (logic to ramp requested
throttle level at a rate that is reasonable for the locomotive);
a power dispatch logic 1062 (central logic that evaluates any
pertinent derate conditions, any wheel slip, as well as the
requested throttle level, to determine the appropriate power
level to be sent to the pulse width modulation module 1053);
an detection scaling function 1063 (logic for determining
non-optimal performance, such as wheel slip. Power reduc-
tion to individual motors can be put in place in the case of
differential wheel slip and overall power is reduced in the
case of synchronous wheel slip); a derate evaluation logic
1064 (logic to reduce the power demand below that
requested by the operator for protection of equipment. This
could include reducing power in case equipment is at risk of
overheating or currents climb close to equipment design
limits); a brake control logic 1065 (control of the air brake
system including individual axle wheel lock release); and a
generator 1002 load control logic 1066 (control of the
generator 1002 excitation field to maintain the prime energy
source 1001 at approximately peak fuel efficiency or other
desired condition). The logic unit 1011 receives the infor-
mation from an operator input device 1071 which includes
a throttle setting 1072 and a speed setting 1073. The throttle
1072 is typically a throttle notch between idle and eight
positions but also could be an electronic device, such as an
infinitely variable control or a touch screen. The speed
setting 1073 is typically a rheostat motor voltage control but
also could be an electronic device, such as an infinitely
variable control or a touch screen. The logic unit 1011 also
receives the input information on the status of various
components of the system from several sensing devices
described below in FIG. 2. As discussed above, the logic
device 1011 processes all the input information and sends
out instructions to co-ordinate the operation of: the prime
energy source; the DC conversion apparatus; the charging
and discharging of the energy storage unit; the DC traction
motor electrical controllers; the DC traction motors; and the
braking system on the individual axle assemblies 1005. The
continuous lines 1081 connecting various elements repre-
sent physical connections and the dashed lines 1082 con-
necting various elements represent simplified electrical con-
trol and informational linkages. It should be noted that the
control and informational linkages shown apply to all the
axle assemblies 1005, even though the connections are
shown only to the first assembly.

[0060] The prime energy source can be any suitable power
or energy source such as for example a reciprocating diesel
engine, a gas turbine engine, a small diesel reciprocating
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engine, a microturbine, a fuel cell. Alternately, prime energy
can be provided by an external source such as overhead
electrical trolley wires or directly plugging into a utility grid.
The prime energy source 1001 is preferably a high-efficiency
reciprocating diesel engine with a preferred power rating
approximately in the range of about 25 to 250 kW. With
reference to the energy storage unit 1003, the preferred
range of the ratio of energy storage capacity to charging
power of the generator is in the range of about 6 hours to 40
hours. When charging is required, it is more preferable for
the prime energy source 1001 to be operated at or near its
peak fuel efficiency rating which is preferably in the range
of approximately 12 to 16 kwh per gallon of fuel for a small
diesel engine. It may also be preferable for the prime energy
source 1001 to be operated at or near its peak torque or
power rating under certain circumstances and these operat-
ing regimes would require different set points. Otherwise,
when the energy of the energy storage unit 1003 is at its full
rated storage capacity (as determined, for example, by an
upper voltage set point in the case of a battery pack), the
prime energy source 1001 is preferably turned off. The prime
energy source 1001 may also be turned off when, for
example, the locomotive is operating in a confined space,
such, as for example, a locomotive maintenance shed.

[0061] The conversion apparatus 1002 typically converts
mechanical energy form the prime energy source 1001 to
direct current (DC) electrical energy and the conversion is
preferably effected by an alternator which outputs rectified
DC power to an energy storage device 1003. The alternator
is preferably driven by the prime energy source. The charg-
ing generator 1002 is preferably an alternator that operates
in the approximate the range of about 50 to 75 Hertz. The
alternator is driven by the prime energy source and may
contain a means for converting alternating (“AC”) electrical
power to direct current (“DC”) electrical power. The alter-
nator power output is preferably controlled by varying the
excitation current to the alternator field coils.

[0062] The control of the power output of the DC charging
system 1002 to the energy storage unit 1003 can be accom-
plished, for example, by varying the excitation current
provided to the alternator 1002 to maintain an at least
substantially constant power output to the energy storage
unit 1003, while appearing as an approximately constant
load to the prime energy source 1001. There are typically at
least two techniques of controlling the output of the charging
generator 1002 to effect load control for the diesel engine. In
a first technique, the RPMs of the diesel engine are moni-
tored such as, for example, by a tachometer and the RPMs
are maintained within a range which is defined by upper and
lower RPM set points. This range is selected for maximum
fuel efficiency of the prime energy source. If the RPMs fall
below the selected range (indicating a heavy load on the
engine), then the excitation current to the alternator can be
reduced to reduce the power output of the alternator until the
engine RPMs are restored to within the desired range. If the
RPMs rise above the selected range (indicating a light load
on the engine), then the excitation current to the alternator
can be increased to increase the power output of the alter-
nator until the engine RPMs are restored to within the
desired range. In a second technique, the DC output power
of the alternator is monitored as determined by the product
of the measured output volts and amperes. If the output
power falls below the lower set point of the selected output
power range, then the excitation current to the alternator can
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be increased to restore the power output to within the desired
range. If the output power rises above the upper set point of
the selected range (presenting a heavy load to the engine),
then the excitation current to the alternator can be decreased
to reduce the power output to within the desired range. In
this technique, the RPMs of the engine can also be moni-
tored to ensure that the RPMs stay within the range selected
for maximum fuel efficiency. If they fall outside the selected
range, then the excitation current to the alternator can be
further modified to bring the engine RPMs back into the
desired range.

[0063] In the event that prime energy is provided by an
external source such as overhead trolley wires or plugging
into a utility grid, the charging system 1002 would be
replaced by a voltage step-up or step-down apparatus and, if
required, a converter from AC to DC power so as to provide
the proper driving voltage to charge the energy storage unit
1003.

[0064] The electrical controller 1010 for each DC traction
motor 1008 is preferably a chopper circuit such as disclosed
in copending U.S. patent application Ser. No. 10/083,587,
which is incorporated herein by this reference. The chopper
circuit and control system, as applied in the present inven-
tion, are discussed more fully in FIGS. 8 and 9.

[0065] The energy storage unit 1003 may be any other
suitable electrical storage device, such as for example an
energy storage capacitor bank, a flywheel generator system
of which a homopolar generator is an example. The energy
storage unit is typically composed of a plurality of subunits,
such as batteries and/or storage capacitors. The energy
storage unit 1003 is preferably an electrical energy storage
battery pack. The electrical generator 1002 provides DC
power to the energy storage unit 1003 at an at least sub-
stantially constant power, with the output voltage being
higher than the maximum voltage of the battery pack. The
battery pack typically has a maximum voltage, usually input
as an upper set point to avoid gas generation or other damage
to the battery cells and a minimum voltage usually input as
a lower set point to avoid seriously diminishing the recharge
capacity of the battery plates. The upper and lower set points
define the operational range of the battery voltage. The
charging generator is preferably always in operation when
the battery voltage is below the lower set point. The charging
generator is usually in operation when the battery voltage is
below the upper set point. An exception might be when the
locomotive is operating in, for example, a confined space,
where emissions from the prime energy source would be
undesirable. The charging generator is most preferably not
in operation when the battery voltage is above the upper set
point.

[0066] A new method of setting the upper and lower set
points that define the operational range of the energy storage
unit is disclosed. Typically, the upper and lower voltage set
points of the energy storage unit are selected by picking an
upper voltage and a lower voltage based on experience. In
the new method, the quantity of charge in the energy storage
unit is accounted for by continuously (by analogue or digital
sampling) measuring the current flow to and from the energy
storage unit and integrating the current time history to
determine the state of charge in the energy storage unit. The
location of the current sensor used to apply this method is
shown in FIG. 9. Using this technique, if the total charge in
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the energy storage device falls below the upper set point of
the selected range, then the charging generator is turned on.
If the total charge rises above the upper set point of the
selected range, then the charging generator is turned off. In
the accounting of charge in the energy storage unit, a small
amount of charge (typically 1 or 2% of the total charge) is
lost to the system through various inefficiencies and this loss
is estimated and added to the charge total to maintain an
accurate accounting. Either of the above methods may be
used separately or in combination to obtain better control
over the charging process for the energy storage device to
maintain it within its optimum operating range. The same
techniques may be used if the energy storage device is a
battery pack or a capacitor bank.

[0067] As part of its air-braking system, the locomotive
may also include a system 1009 for releasing wheels that
become locked during air braking. This wheel release sys-
tem is discussed more fully in FIG. 18.

[0068] To provide the information necessary to synchro-
nize the operation of the various components of the loco-
motive drive train, including, if necessary, the operation of
individual axles, an appropriate placement of sensors moni-
tors and measures a plurality of parameters as illustrated by
FIG. 2. Here, voltage sensors are represented by solid
circles; current sensors by a solid square “C” symbol;
temperature sensors by a solid rectangle; rotary speed sen-
sors by a solid triangle with vertex pointing up; and pressure
sensors by a solid triangle with vertex pointing down.
Voltage sensors include voltmeters, other common voltage
transducers or voltage sensing devices; current sensors
include current-sensing resistors, Hall current sensors, cur-
rent-sensing transformers, current transducers, Rogowski
coils or other common current measuring devices; rotary
speed sensors include tachometers, axle alternators and the
like; temperature sensors include thermocouples, ther-
mistors, semi-conductors or other common temperature
measuring devices and; pressure sensors include pressure
transducers, pressure gages or other common pressure mea-
suring devices. With reference to FIG. 2, the operating
characteristics of the prime energy source 2001 such as, for
example, the revolutions per minute (RPMs) of an internal
combustion engine are measured by a first rotary speed
sensor 2012; engine temperature by a first temperature
sensor 2022 and engine oil pressure by first pressure sensor
2023. The RPMs of the prime energy source 2001 can also
be determined from monitoring the power frequency of the
conversion device 2002 (as indicated in FIG. 28). The field
excitation current for the conversion device 2002 is sensed
by a first current sensor 2024 and the temperature of the
conversion device 2002 is measured by a second tempera-
ture sensor 2025. The DC output voltage and current are
measured for the conversion device 2002, by a first voltage
sensor 2026 and second current sensor 2027. The voltage at
several locations of the energy storage unit 2003 may be
measured using additional voltage sensors 2031 and the
temperature at several locations of the energy storage unit
2003 may be measured using additional temperature sensors
2032. In addition, the output voltage and current are mea-
sured for the energy storage unit 2003 by a second voltage
sensor 2033 and third current sensor 2034. The current to
each IGBT 2028 on the individual chopper circuits 2007 are
measured by additional current sensors 2035. The current to
each traction motor 2004 is measured by additional current
sensors 2041; the voltage across all or a portion of each
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traction motor 2004 may be measured by additional voltage
sensors 2042; and the temperature the voltage representative
of each each traction motor 2004 may be measured by
additional temperature sensors 2043. The rotational speed of
a plurality of, and typically each, drive axle 2005 of the
locomotive is measured by additional rotary speed sensors
2051. The air pressure in various locations of the locomotive
braking system 2006, including locations where wheel
release devices may be used, are monitored by additional
pressure sensors 2061 and the temperature representative of
the brake shoes 2009 may be measured by additional tem-
perature sensors 2062. The locomotive will typically also
have a doppler radar detector (not shown) that can indepen-
dently determine locomotive speed. This system provides an
indication of locomotive speed independent of the axle
rotary speed sensors 2051 which cannot properly indicate
locomotive speed when there is a synchronous wheel slip or
synchronous wheel locking condition.

[0069] An example of a charging generator circuit is
shown in FIG. 3 which shows an exciter coil that can be
independently controlled. A stator 3001 generates an alter-
nating current which is rectified by power diodes 3002. The
rectified power is then fed to the prime energy storage source
3003 shown here as a storage battery. The rectified power is
also provided to various auxiliary systems (not shown) such
as for example blower and fan motors, lighting and com-
pressors and the like. The output of the stator 3001 is
controlled by an independently controlled exciter coil 3004.
The output power to the energy storage source 3003 is
monitored by a current transducer 3005 and a voltage sensor
3006. The generator excitation board 3007 receives its
inputs from a computer control system via path 3008 or, in
an emergency (such as from detection of an anomalously
high voltage output from the generator, for example), from
path 3009 originating from the voltage sensed across the
stator 3001. In the case of such an emergency, the excitation
board 3007 has the ability to override the control of the main
logic controller and directly reduce the current to the exci-
tation field coil 3004.

[0070] Referring to FIG. 1, the preferred energy storage
unit 1003 is a battery pack. The battery pack may be divided
into a plurality of racks. The racks mechanically and remov-
ably house the individual battery units to facilitate mainte-
nance and replacement. The racks contain a plurality of
individual battery units or other types of energy storage
subunits, such as capacitors. The battery units are each
comprised of a set number of cells. The preferred cells are
those of a lead-acid type which has an electrochemical
potential of about 2.13 volts, the highest currently available
in rechargeable battery chemistry. The definition of these
divisions are illustrated in FIGS. 44, b and ¢ which are a
schematic representation of the elements of an energy stor-
age battery pack. In FIG. 4a, a battery unit 4001 is com-
prised of individual cells 4002, a positive terminal 4003 and
a negative terminal 4004. The number of cells 4002 is
preferably in the range of 1 to 10 and most preferably in the
range of 1 to 6. The fewer cells 4002, the easier it may be
to replace battery units that become degraded or fail. As
shown in FIG. 4b, battery units 4006 may be assembled
together in a battery rack 4005. The battery rack 4005 is
typically an assemblage of a convenient number of battery
units 4006 that allow for easy maintenance or assembly into
groups that are connected in series or in parallel. The number
of battery units 4006 in a battery rack 4005 is preferably in

Dec. 1, 2005

the range of 2 to 50 and more preferably in the range of 4
to 16. Referring to FIG. 4c, battery racks 4008 may be
assembled to form a battery pack 4007 which is largest
division considered in the present invention. The number of
battery racks 4008 in a battery pack 4007 is preferably in the
range of 4 to 100 and more preferably in the range of 10 to
60. The entire battery pack 4007 has a a positive terminal
4009 and a negative terminal 4010. If a high energy capaci-
tor bank is used as the energy storage method, the same
definitions may be used with battery units replaced by
capacitors, the battery rack by a capacitor rack and the
battery pack by a capacitor bank.

[0071] In a preferred embodiment, all of the battery units
are connected electrically in series so that the capacity rating
of the battery pack, expressed in ampere-hours, is the same
as the rating of each battery unit. In this embodiment, the
voltage output of the battery pack is the sum of the terminal
voltages of all the battery units. This embodiment, shown in
FIG. 5, illustrates a schematic of a battery pack in series
configuration. A battery pack 5001 is shown with sixteen
battery racks 5002 where all the battery units (not shown) in
each rack 5002 are connected in series and all the battery
racks are connected in series. In this configuration, all the
battery units are in series and the battery pack 5001 has a
positive output terminal 5003 and a negative output terminal
5004. The same configuration may be used with battery units
replaced by capacitors.

[0072] In another embodiment, a number of rack group-
ings may be connected in parallel. A rack assembly may
contain one or more racks. Preferably, the rack groupings
contain the same number of total battery units electrically
connected in series, so that the voltage output of each rack
assembly is the same. The preferred number of rack group-
ings in parallel is in the range of 2 to 6. This configuration
increases the capacity rating of the battery pack to be equal
to the rating of each battery unit times the number of rack
groupings electrically connected in parallel. In this embodi-
ment, the voltage output of the battery pack is the sum of the
terminal voltages of all the battery units in any of the rack
groupings. In this embodiment, the power of the locomotive
may be derived from one or several or all of the rack
groupings connected into the drive system. It is also pos-
sible, in this embodiment, to use individual rack groupings
to control individual or groups of drive axles. In other words,
each individual or subgrouping of drive axles may have one
or more dedicated individual rack groupings, whereby elec-
trical energy is provided to each individual or subgrouping
of drive axles only by a corresponding subset of one or more
rack groupings. This embodiment is shown in FIG. 6. The
charging system can be configured to charge some or all of
the parallel racks. FIG. 6 shows a schematic of a battery
pack with some of the racks connected in a parallel and some
in series. Each rack assembly 6001 is comprised of 4 battery
racks 6002 and each rack assembly has a positive output
terminal 6003 and a negative output terminal 6004. Each
rack assembly 6001 can be used to drive one or more
traction motors (not shown). Alternately, the rack groupings
6001 can be connected in parallel to drive all the traction
motors. In this case the output terminals of the battery pack
are a positive output terminal 6005 and a negative terminal
6006. When all the racks groupings 6001 have approxi-
mately the same open circuit output voltage at terminals
6004 and 6005 and that voltage is sufficient to power the
traction motors, an advantage of parallel racks is to provide
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greater ampere-hour capacity for the locomotive. Another
advantage is to provide backup power by only operating
from one rack of the battery pack. The same configurations
may be used with battery units replaced by capacitors.

[0073] In yet another embodiment, a number of rack
groupings may be connected in parallel with the additional
capability of providing for some or all of the rack groupings
to be electrically switched to be in series with other rack
groupings. The purpose of dividing the battery pack in this
way is to provide the ability to rapidly increase the power
available to drive the locomotive by, for example, switching
automatically or manually some or all of the rack groupings
from parallel to series so as to increase the output voltage of
the battery pack. FIGS. 7a and b shows a schematic of a
reconfigurable battery pack for adding more output power.
FIG. 7a shows 3 battery rack groupings 7001, 7002 and
7003 connected in parallel with positive output terminal
7004 and negative output terminal 7005. The voltage output
of this battery pack configuration is approximately the
voltage output of each of the rack groupings. The ampere-
hour capacity of this battery pack configuration is the sum of
the ampere-hour capacity of each of the rack groupings in
parallel. FIG. 7b shows 2 battery rack groupings 7011 and
7012 connected in parallel with positive output terminal
7014 and negative output terminal 7015. The third rack
grouping 7003 of FIG. 7a has been divided in two. One half
has been switched in series to rack grouping 7001 to make
rack grouping 7011 and the other half has been switched in
series to rack grouping 7002 to make rack grouping 7012.
The voltage output of this battery pack configuration is
approximately the voltage output of each of the racks and is
33% higher than the output voltage of the battery pack of
FIG. 7a. The ampere-hour capacity of this battery pack
configuration is the sum of the ampere-hour capacity of the
two new rack groupings in parallel. The battery pack con-
figuration of FIG. 7b can provide 50% more voltage and
therefore 50% more power than the battery pack configu-
ration of FIG. 7a. However, the battery pack configuration
of FIG. 7b has 50% less ampere-hour capacity than the
battery pack configuration of FIG. 7a. Switching from the
configuration of FIG. 7a to the configuration of FIG. 7b has
the advantage of providing a power boost such as may be
required, for example, in an emergency or starting up a hill.
The voltage of the battery pack is the voltage of 2 rack
groupings and the capacity rating of the battery pack is the
capacity rating of 3 times the rating of individual battery
units.

[0074] When an additional surge of power is required, one
rack module can be switched automatically or manually
from parallel to having half its racks in series with each of
the other two rack modules as shown in FIGS. 7a and 7b.
The switching can be done under manual or automatic
control and heavy duty, high current switches known to
those in the art, such as, for example, a solenoid- or
relay-operated contact switch or switches which can be
operated manually or by logic control. The measured param-
eter for switching from series mode to parallel mode and
from parallel mode to series mode can be the power output
from the battery pack. When the measured power output is
lower than a selected threshold, the mode is switched from
parallel to series and, when the power output is less than the
selected threshold, the mode is switched from series to
parallel.
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[0075] The strategy of switching racks of energy storage
units from parallel to series configurations, as described
above, can also be readily carried out when the energy
storage unit is a bank of energy storage capacitors.

[0076] This invention most preferably utilizes individual
chopper circuits to control direct current to each DC traction
motors. DC motors have performed as the motive force in a
variety of applications including locomotives where, typi-
cally, multiple direct current motors are used. For example,
locomotives may employ 2 to 8 driving axles, each driving
axle having one DC traction motor.

[0077] T1tisknown in the art to control the speed of a direct
current series motor by using a chopper circuit which
includes a main switch device in series with the motor and
a bypass current path. This is a more efficient form of power
control for locomotives than using resistance control sys-
tems. With a chopper circuit, the control of the speed of the
traction motor is achieved by varying the power pulses
supplied to the motor so that average power supplied is what
is required and power is not wasted by dissipation in
resistance control systems. A thyristor is one type of main
switch device used in early chopper circuits. It has since
been replaced by the more versatile Insulated Gate Bipolar
Transistors (“IGBTs”).

[0078] The main elements of a typical chopper circuit, as
used in the present invention, are shown in FIG. 8. The
chopper circuit has input terminals 8001 through which
current flows into the circuit. The main current flow is along
path 8004 which passes through an IGBT switch 8003 and
a traction motor 8002. The main current path 8004 is active
when the input power source (not shown) is powering the
traction motor 8002. When the IGBT 8003 is switched to its
off position, current is forced to flow through the free-
wheeling path 8006 by the free-wheeling gate 8005, which
is shown as being a diode. The chopper circuit thus controls
the speed of the motor by switching the input voltage on and
off depending on what average output power is required; the
longer the chopper is switched on, the higher the average
output power. The time interval during which the chopper is
switched on is known as the on-time; the interval during
which the chopper is switched off is known as the off-time.
The ratio of the on-time of the power pulse to the off-time
of the power pulse is often referred to as the-mark-to-space
ratio or chopper ratio. The elements comprising a typical
chopper circuit are discussed above as part of the detailed
description of FIG. 1.

[0079] In the present invention, there is preferably a
chopper circuit, including its free-wheeling gate, associated
with each traction motor. In other words, each motor typi-
cally has, in addition to a corresponding main current path
and main drive (or chopper) switch, a corresponding free-
wheeling path and free-wheeling gate. This is illustrated in
FIG. 9 which shows four traction motors, each having an
individual chopper circuit. The main drive switches are
shown here as Insulated Gate Bipolar Transistors (“IGBTs”)
that are switching devices that do not require commutating
and are capable of sequentially pulsing the power source to
the different motors at a very fast rate. FIG. 9 shows an
example of an electrical schematic for a battery energy
storage system providing power for four DC traction motors.
The battery pack 9001 is shown in two sections separated by
an emergency manual disconnect 9002. The battery pack is
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connected to the traction motor system 9005 by disconnect
switches 9003 which are controlled by the locomotive
computer system. A large bank of surge capacitors 9004 are
connected across the battery pack. The battery pack voltage
is monitored by voltage sensor 9021 and the battery pack
output current is measured by current sensor 9022. The
current sensor 9022 is used in the determination of the state
of charge of the battery pack as discussed above with
reference to FIG. 1 which discusses this method of setting
the upper and lower set points that define the operational
range of the energy storage unit.

[0080] The four traction motor systems 9005 are shown
here connected in parallel with the battery pack 9001. Four
DC traction motors 9006 are shown, each associated with its
own individual chopper circuit 9007. Each of the traction
motors 9006 are comprised of a field coil 9011 which is
connected to a reverser switch 9012 and an armature 9021;
a main circuit path 9009 controlled by an IGBT 9020; a free
wheeling circuit path 9008 and free-wheeling gate 9010. The
IGBT 9020 is controlled by the locomotive computer sys-
tem. Each chopper circuit 9007 is protected by a fuse 9013
and a scrubber filter capacitor 9014. Together, the fuse 9013
and filter 9014 act to control the voltage transients as the
chopper circuit 9007 switches from pulse or driven mode to
free-wheeling mode or visa versa, thus reducing the risk of
overheating and extending the lifetime of the IGBT 9020.
The filter 9014 also acts to smooth any rapid current
fluctuations through the traction motors 9005 as the chopper
circuit 9007 switches from pulse or driven mode to free-
wheeling mode or visa versa. The main current through each
traction motor 9006 is monitored by a current transducer
9015.

[0081] As will be appreciated, in the driven mode, the
chopper switch is activated such that the at least most of the
current passes along the main current path and through the
traction motor while in the free wheeling mode the chopper
switch is deactivated such that at least most of the current
passes along the free-wheeling or bypass path and through
the traction motor. FIG. 9 also shows a configuration to
effect the switching necessary to reverse the motor direction
by reversing the current flow through the field coils.

[0082] In prior applications, a single chopper circuit has
been used to control the speed of all of the DC traction
motors. This has a number of disadvantages. For example, if
one of the wheels is slipping (non-synchronous wheel slip),
the chopper reduces power to all of the motors which risks
further exacerbation of the problem.

[0083] Typically, pulses are applied to different motors
during discrete (nonoverlapping) time periods. In other
words, during a selected first time period (which is a subset
of a time interval) a first electrical pulse is applied to a first
traction motor but not to a second (different) traction motor,
and, during a selected second time period, a second electri-
cal pulse is applied to a second traction motor and not to the
first traction motor. Thus, during the selected first time
period the first traction motor is in the driven mode while the
second traction motor is in the free-wheeling mode and
during the selected second time period the first traction
motor is in the free-wheeling mode while the second traction
motor is in the driven mode.

[0084] The advantages of individual chopper circuits with
each traction motor are illustrated in FIGS. 10 through 14
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which show an example of sequencing power pulses to four
individual motors and the resultant net draw on the energy
storage battery, for a number of cases.

[0085] FIGS. 10q, b, ¢, d and e show a time sequence of
short pulses 10001 to each motor typical of locomotive start
up at a low throttle condition. The pulses 10001 in each
sequence are shown along a time axis 10002 which is a
common time axis for each sequence. Since the voltage
amplitude of the pulses 10001 is approximately constant for
a large energy storage battery pack, the pulse amplitudes
10003 may be considered current or power pulses. Each
motor receives a power pulse 10001 at a different time. FIG.
10a represents the pulses provided to a first traction motor;
FIG. 10b to a second traction motor; FIG. 10c to a third
traction motor; and FIG. 10d to a fourth traction motor.
FIG. 10e shows the sum of the individual motor sequences
10004 which is also the net power draw from the battery
pack. In this case, the battery discharge is intermittent and
the battery current draw is equal to the current through each
individual motor. In the prior art where all motors are pulsed
at the same time, the battery current draw is equal to the sum
of the currents through each individual motor. Since battery
internal heating is proportional to I°R where I is the battery
current and R is the battery internal resistance, an advantage
of the present invention is to minimize battery heating by
time spacing the power pulses to each motor. Also, each
motor receives a power pulse which is the same amplitude
as the output power of the battery pack. As an example, each
traction motor has peak power pulses of 1,120 kW and an
average power of 140 kW (pulse width is s of the time
between pulses). The battery pack likewise would have peak
power pulses of 1,120 kW and an average power output of
560 kW (four motors averaging 140 kW).

[0086] FIGS. 114, b, ¢, d and e show a time sequence of
pulses to each motor where the pulses 11001 are spaced
11002 such that there is zero time between any two pulses
form the four sequences. FIG. 11a represents the pulses
provided to a first traction motor; FIG. 115 to a second
traction motor; FIG. 1lc to a third traction motor; and FIG.
1d to a fourth traction motor. FIG. 1e shows the sum 11003
of the individual motor sequences which is again is the net
power draw from the battery pack. For a four motor loco-
motive such as shown in FIG. 9, this corresponds to pulse
widths that are 25% of the time between pulses in an
individual sequence. In this case, the battery is operating
continuously as shown by its power output 11003. Also for
this case, each motor receives a power pulse which is the
same amplitude 11004 as the output power 11005 of the
battery pack. Assuming the same battery pack and traction
motors as used in FIG. 10, in the example of FIG. 11, each
traction motor has peak power pulses of 1,120 kW and an
average power of 280 kW (pulse width is % of the time
between pulses). The battery pack now has peak power
pulses of 1,120 kW which is the same as its average power
output of 1,120 kW.

[0087] In the cases illustrated by FIGS. 10 and 11, only
one of the traction motors is in driven mode while the others
are all in free-wheeling mode.

[0088] FIGS. 124, b, ¢, d and e show a time sequence of
power pulses 12001 that have some overlap in time as might
be the case for higher locomotive speed or throttle power
setting. FIG. 12a represents the pulses provided to a first
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traction motor; FIG. 125 to a second traction motor; FIG.
12¢ to a third traction motor; and FIG. 12d to a fourth
traction motor. FIG. 12¢ shows the sum of the individual
motor sequences 12003 which is again is the net power draw
from the battery pack. In this case, the battery is operating
continuously. Each motor receives a power pulse 12001
which has a constant amplitude 12002. The power draw
12003 on the battery pack is variable, reflecting the overlap
in individual motor power pulses. In actual practice, the
battery filtering capacitor tends to smooth out the power
pulse from that shown. Assuming the same battery pack and
traction motors as used in FIG. 10, in the example of FIG.
12, each traction motor has peak power pulses of 840 kW
and an average power of 315 kW (pulse width is ¥s of the
time between pulses). The battery pack now would have
peak power pulses of 1,680 kW and an average power output
of 1,260 kW.

[0089] FIGS. 134, b, ¢, d and e show a time sequence of
power pulses 13001 that have substantial overlap in time. In
this case, the battery is operating continuously. FIG. 13a
represents the pulses provided to a first traction motor; FIG.
13b to a second traction motor; FIG. 13c to a third traction
motor; and FIG. 13d to a fourth traction motor. FIG. 13¢
shows the sum 13003 of the individual motor sequences
which is again is the net power draw from the battery pack.
Each motor receives a power pulse 13001 which has a
constant amplitude 1300. The power draw 13003 on the
battery pack is has increased and remains variable, reflecting
even greater overlap in individual motor power pulses. In
actual practice, the battery filtering capacitor tends to
smooth out the power pulse from that shown. Assuming the
same battery pack and traction motors as used in FIG. 10,
in the example of FIG. 13, each traction motor has peak
power pulses of 630 kW and an average power of 394 kW
(pulse width is ¥ of the time between pulses). The battery
pack now would have peak power pulses of 1,890 kW and
an average power output of 1,575 kW.

[0090] FIGS. 14q, b, ¢, d and e show a time sequence of
power pulses 14001 that are continuous and the battery is
also operating continuously. FIG. 144 represents adjoining
pulses provided to a first traction motor; FIG. 14b to a
second traction motor; FIG. 14¢ to a third traction motor;
and FIG. 144 to a fourth traction motor. FIG. 14e shows the
sum 14003 of the individual motor sequences which is again
is the net power draw from the battery pack. In this final
case, the battery is operating continuously and each motor
receives a power pulse 14002 which is approximately one
quarter the amplitude of the output power 14003 of the
battery pack. Assuming the same battery pack and traction
motors as used in FIG. 10, in the example of FIG. 14, each
traction motor has continuous power of 560 kW and the
battery pack has a continuous power draw of 2,240 kW
which is four times that of each motor.

[0091] In most locomotive operations, the engineer
applies power by selecting a throttle setting (usually a notch
setting from 1 to 8). The throttle setting causes the logic
controller to apply the required power to the traction motors
using a preset logic. In some cases, the engineer may want
to set a particular locomotive speed, usually a low speed
such as, for example, might be required by a switching
locomotive. A particular speed setting may be accomplished
by the engineer using a rheostat to control power to the
traction motors, rather than by selecting one of the throttle
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notch settings. A more preferred method is for the engineer
to set the desired speed by the use of a touch screen or other
type of computer input. In the latter case, the speed setting
may be accomplished by the logic controller which would
prescribe a preset power pulse width setting for the chopper
circuits. The power pulse widths would be set, typically to
a very short pulse widths, to provide a low average power to
the traction motors that is known to result in the desired
locomotive speed. More preferably, the logic controller
would utilize the tachometers on the drive axles to control
the speed of the locomotive to the desired value. This latter
approach would result in the desired locomotive speed being
more accurately achieved.

[0092] If an energy storage capacitor bank is used in place
of a battery pack, then the output of the capacitor bank may
require additional conditioning to match the voltage-current
requirements of DC traction motors. This is because a
battery pack provides an approximately constant voltage
output over most of its discharge range, whereas a capacitor
bank discharges as a decaying voltage waveform. The
additional conditioning may be accomplished with yet
another chopper circuit, such as for example a buck-boost
chopper circuit, or any of a number of well-known pulse
forming networks utilized in the high energy capacitor bank
industry. FIG. 15 shows a general electrical schematic of a
capacitor based propulsion circuit which includes the posi-
tioning of additional power conditioning and pulse shaping
elements. The capacitor bank 15001 is shown in two sec-
tions and is connected to a power conditioning/pulse shaping
unit 15002 which includes inductors and other reactive
elements, as will be known to one of ordinary skill in the art,
to maintain the output power pulses of the capacitor bank
15001 at least substantially constant in amplitude. In other
words, the waveform representing the amplitude of the
output as a function of time is at least substantially linear.
The output of the power conditioning section 15002 drives
a series of four traction motors 15003 which may be
configured identically to those shown in FIG. 9.

[0093] A truck assembly in the railroad industry is a frame
to which one or more axle and wheel assemblies are
mounted. The truck assembly also includes suspension and
brake system elements. In addition, there are provisions for
mounting AC or DC traction motors. The present invention
generally utilizes truck assemblies with only DC traction
motors.

[0094] The primary specifications for DC traction motors
used in the present invention are typically: (a) a power in the
range of about 300 to 1,200 horsepower;

[0095] (b) a tractive force in the range of up to about
25,000 Ibs;

[0096] (c) a maximum voltage rating of about 1,300
volts; and

[0097] (d) a maximum current rating of about 1,800
amperes for short periods, typically less than 3
minutes, depending on the level of air cooling avail-
able.

[0098] The braking system on a locomotive is typically an
air brake system in which the charging generator or energy
storage unit are utilized to operate an auxiliary compressor
to pressurize an air reservoir. The air reservoir provides air
pressure to the brake cylinders such as shown in FIGS. 16
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and 17. FIGS. 16a and b shows a top view FIG. 16a and
side view FIG. 16b of a 3 axle truck assembly 16001 with
a tread brake configuration. When activated, air brake cyl-
inders 16003 engage brake shoes 16004 against the wheel
treads 16005. The air brake cylinders 16003 are pressurized
by compressed air by a system of air brake lines 16006.

[0099] FIG. 17 shows an isometric schematic of a typical
rail air-brake system. Compressed air is maintained in the
main air reservoirs 17001 which are replenished by the main
air-compressor 17005 through air-line 17002. A system of
control valves 17006 direct compressed air via air-brake
lines 17007 to the various brake cylinders 17008 which in
turn operate the brake shoes 17004. In a long train, the air
pressure at various locations in the system will not be
exactly equal during application or release of the brakes
because of the time required for air to flow long distances
through the air lines.

[0100] As a result of the time delay for air-pressure to be
released after the command for brake release is given by the
engineer, one or more of the air brakes on a locomotive
wheel can become locked, causing flat spots to be developed
on the affected wheel treads. If these flat spots are severe, the
wheels must be removed, and turned down by machining or
replaced. It is therefore a part of the present invention to
include the option of an air-actuated brake release system
that can rapidly unlock the brakes on a wheel.

[0101] In the present invention, the brake shoes are
designed as shown in FIG. 18 so that air pressure may be
applied to the brake shoe to force it to unlock. FIG. 18
shows a schematic view of a possible brake release con-
figuration. Compressed air is fed via an air line 18002 a
plenum 18001. The plenum 18001 is formed inside the brake
shoe housing 18003 and on the rear side of the brake show
18004. When activated, the brake release system operates by
forcing high pressure air through holes 18006 installed in
and passing through the brake shoe 18004. This high pres-
sure air is forced between the brake shoe friction surface
18007 and the braking surface of the wheel 18008, as
indicated by arrows 18005, to effect immediate release of the
brake shoe 18004 from the wheel 18008. The diameter and
location of the holes 18006 are designed so that the air
pressure applied between the brake shoe 18004 and the
wheel braking surface 18008 exerts a substantially greater
force to disengage the brake shoe 18004 than the force
exerted by the air-brake cylinder 18009 which is engaging
the brake shoe 18004. The release force is preferably
between about 10% and 30% greater than the applied
braking force. The pressurized air in the brake release
plenum 18001 is applied on command by control valves
18010 which may be positioned as shown in FIG. 18. The
pressure in the air-actuated brake release system may be the
same or higher than the air pressure in the brake system.
Developing a higher pressure locally can be accomplished
by any number of well-known means such as, for example,
a cylinder with a variable area piston. The above air-brake
release system may be installed using either a tread brake or
disc brake configuration.

[0102] FIG. 19 shows an air release plenum 19001
installed in a typical tread brake shoe 19002. The air-brake
mechanism 19003 operates in the normal manner to engage
the shoe 19002 with the tread of the wheel 19004 to effect
braking. The air-brake release system is shown operating off
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a pressurized air-line 19005 which may be connected to the
air brake system directly or by a variable area piston (not
shown).

[0103] FIG. 20 shows an air release plenum 20001
installed in typical disc brake pads 20002. The air-brake
mechanism 20003 operates in the normal manner to engage
the pads 20002 with the sides of the wheels 20004 to effect
braking. The air-brake release system is shown operating off
a pressurized air-line 20005 which may be connected to the
air brake system directly or by a variable area piston (not
shown).

[0104] Although not incorporated in the current embodi-
ment, regenerative braking can be incorporated into the
locomotive system, especially for locomotives operating at
speeds greater than approximately 50 km/hr. If incorporated,
regenerative braking systems would be installed using indi-
vidual circuits associated with each axle such as is being
done by applying individual chopper circuits to each axle in
the current preferred embodiment.

[0105] When each drive axle on the locomotive has its
own chopper circuit, the power to the axle whose wheels are
detected to be non-synchronously slipping, can be reduced
in until the slipping is eliminated. This individual power
control to each drive axle is a primary feature of the present
invention. As will be discussed in more detail below, the
traction motor electrical current and temperature and the
axle rotational speed and temperature can be individually
monitored and controlled by a computer monitoring system.

[0106] The logic controller is divided into three elements.
These are:

[0107] (a) control of the power to the traction motors;

[0108] (b) control of the charging unit that charges
the main energy storage apparatus; and

[0109] (c) control of the wheel braking function.

[0110] The main power control logic is discussed below
with reference to flow diagram of FIG. 21.

[0111] 1. To begin the cycle, the engineer gives total
tractive power command 21001 (specifies total
power requested)

[0112] 2. Measure battery volts or the state of charge
of the battery or both 21002 to determine if charging
generator needs to be on or off

[0113]

[0114] i. indicate a warning 21031 when the
battery voltage or state of charge or both are
below the lower set point and leave the charger
on 21004

[0115] ii. take no action when the battery volt-
age or state of charge or both are in the normal
range between the upper and lower set points
21005

[0116] iii. shut the charging generator off when
the battery voltage or state of charge or both are
above upper set point 21006

a. when the charging generator is on 21003
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[0117] b. when the charging generator is off 21007

[0118] 1i. turn on the generator when the battery
voltage or state of charge or both are below
upper set point 21008.

[0119] ii. leave the generator off when the bat-
tery voltage or state of charge or both are above
the upper set point 21009

[0120] 3. Apply required amount of power to all DC
traction motors by phasing power output to each DC
traction motor according to predetermined algorithm
21010

[0121] 4. Measure average battery output volts and
current to determine battery output power and state
of charge 21011. When the battery output power or
state of charge is below its lower set point, indicate
a warning on the warning screen 21012. Otherwise
indicate the operational battery condition on the
battery monitor and battery status screens 21013.

[0122] 5. Loop through all axles with DC traction
motors. Do this preferably simultaneously or less
preferably in sequence. For each DC traction motor
(such as 21014 for example):

[0123] a. sense rotational speed (locked, normal or
slip) 21015

[0124] i. when the brakes are not applied and
any wheels are locked 21016, apply air release
to the locked wheels 21017

[0125] (1) take no further action when brake
release is confirmed

[0126] (2) when brake release is not con-
firmed, reapply air release and indicate a
warning

[0127] ii. take no action when no wheel slippage
and no wheels locked 21019

[0128] iii. when a wheel is indicated to be slip-
ping 21020, reduce the power to the axle by a
specified amount 21021

[0129] (1) if the wheel continues to slip,
reduce power again, and continue to do so in

prescribe increments until slipping stops
21022

[0130] (2) take no action when slipping is not
occurring

[0131] b. measure axle traction motor current
21023

[0132] c. adjust power as required by modifying
power algorithm 21024

[0133] 6. To end the cycle, optionally measure all
motor, wheel and brake temperatures and adjust
algorithms 21025. As will be appreciated, the various
set points for controlling the prime energy source,
the conversion apparatus, the energy storage units,
the chopper circuits and the brake release systems
may be somewhat temperature sensitive and this
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sensitivity can be accounted for by algorithms that
reflect known change in set points as a function of
temperature.

[0134] The charging unit control logic is discussed below
in further detail with reference to flow diagram of FIGS. 224
and 22b. This logic applies when the charging generator is
on. There are at least two methods for controlling the
charging power so that the alternator presents a constant load
to the prime energy source.

[0135] One method is to control the charging unit by
monitoring engine rotary speed (RPMs). With reference to
FIG. 22a:

[0136] 1. Begin the cycle by monitoring the engine (prime
energy source) revolutions per minute (RPMs) 22001

[0137] a. take no action when the RPMs are within
the range set for maximum fuel efficiency 22002

[0138] b. when the RPMs are below the lower set
point for RPMs, reduce the excitation current to the
alternator until the RPMs increase to within their set
range for maximum fuel efficiency 22003

[0139] c. when the RPMs are above the upper point
of RPMs, increase the excitation current to the
alternator until the RPMs decrease to within their set
range for maximum fuel efficiency 22004

[0140] 2. End the cycle by repeating the monitoring pro-
cess

[0141] The second method is to control the charging unit
by monitoring DC charging power. With reference to FIG.
22b:

[0142] 1. Begin the cycle by monitoring the engine (prime
energy source) revolutions per minute (RPMs) 22011

[0143] 2. Monitor the DC output volts and current of the
charging system 22012. This determines output charging
power (voltsxamperes=watts).

[0144] a. take no action when the output power is
within the range set for maximum fuel efficiency
22013

[0145] b. when the output power is below the lower
set point of output power, increase the excitation
current to the alternator until the output power
increases to within its set range for constant load
presented to the prime energy source so that the fuel
efficiency can be maintained at or close to its maxi-
mum 22014

[0146] c. when the output power is above the upper
set point of output power, reduce the excitation
current to the alternator until the output power
decreases to within its set range for constant load
presented to the prime energy source 22015

[0147] 3. Monitor the engine rpms to ensure that they are
within the set operating range

[0148] a. when the RPMs are within the range set for
maximum fuel efficiency, take no action 22017

[0149] b. when the RPMs are below the lower set
range of RPMs, reduce the excitation current to the
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alternator until the RPMs increase to within their set
range for maximum fuel efficiency 22018

[0150] c. when the RPMs are above the upper set
range of RPMs, increase the excitation current to the
alternator until the RPMs decrease to within their set
range for maximum fuel efficiency 22019

[0151] 4. End the cycle by repeating the monitoring pro-
cess (steps 22011, et seq)

[0152] Yet another method for monitoring engine RPMs is
to measure the power frequency of the generator conversion
apparatus. The logic flow using this method is identical to
that of FIG. 22b with “generator power output” replaced by
“generator power frequency”.

[0153] The control logic for the braking system is dis-
cussed below in further detail with reference to flow diagram
of FIGS. 234 and 23b. FIG. 234a applies when the brakes are
applied or activated while FIG. 23b applies when the brakes
are released or deactivated.

[0154] With reference to FIG. 234 for brakes on:

[0155] 1. To begin the cycle, the engineer gives the
command to apply the brakes 23001:

[0156] 2. The true ground speed of the locomotive is
determined 23090 by a doppler radar system or other
independent motion detector in the locomotive. This is
necessary if there is synchronous wheel slip or synchronous
wheel locking. In either case, the axle rotary speed sensors
would not correctly indicate locomotive ground speed:

[0157] 3. Loop through all axles with air brake systems.
Do this preferably simultaneously or less preferably in
sequence. For each axle (such as 23002 for example):

[0158] a. sense rotational speed (locked, normal
braking, no braking) 23003

[0159] i. when the brakes are on and the wheels are
indicated to be locked, apply air release 23004

[0160] (1) when wheel release is confirmed, take
no further action 23005

[0161] (2) when wheel release is not confirmed,
reapply air release and indicate a warning
23006

[0162] ii. when braking is indicated to be normal,
take no further action 23007

[0163] iii when no braking is sensed, indicate a
warning 23020

[0164] 4. End the cycle by optionally measuring all tem-
peratures 23008. With reference to FIG. 23b for brakes off:

[0165] 1. To begin the cycle, the engineer gives the
command to release the brakes 23011:

[0166] 2. The true ground speed of the locomotive is
determined 23091 by a doppler radar system or other
independent motion detector in the locomotive:

[0167] 3. Loop through all axles with air brake sys-
tems. Do this preferably simultaneously or less pref-
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erably in sequence. For each axle (such as 23012 for
example):

[0168] a. sense axle rotational speed (locked, nor-
mal braking, brakes released) 23013

[0169] 1i. apply air release when brakes are on or
the wheels are locked 23014

[0170] (1) continue when wheel release is
confirmed 23015

[0171] (2) when release is not confirmed,
reapply air release and indicate a warning
23016

[0172] ii. take no further action when braking is
indicated to be off 23017

[0173] 4. To end the cycle, optionally measure brake
temperatures 23018

[0174] In operation, the PLC determines the power
requirement for each motor at each time interval based on
inputs from the input device, ramping, derate evaluation
logic and detection scaling. Based on such inputs the PL.C
calculates the necessary pulse width for each motor. The
selected pulse widths are then provided to the switch drives
which sequentially provide the desired pulse widths of
power to the DC motors. When the locomotive is starting for
example, a high voltage difference exists between the battery
and the motor so a high current can be applied to the motor,
which only requires a short pulse duration to meet the power
requirement specified. This makes available the full supply
voltage for starting in either direction. As the motor speed
increases, a back voltage is created which reduces the
effective voltage or voltage difference between tho battery
and the motor, thus necessitating a longer pulse to achieve
the same power. If wheel slippage is detected, power can be
shut off or reduced appropriately to the relevant motor.

[0175] As will be appreciated, the control system for the
various components of the locomotive requires a Graphical
User Interface display (“GUI”) to provide a user interface
for viewing the various monitored parameters and the opera-
tional states of the various components and providing opera-
tional commands to the various components. This GUI is
preferably implemented using a series of related display
screens which are configured to receive touch screen com-
mands. This system of screens allows the operator and
maintenance crew to monitor and control, for example, the
state of the charging generator, the battery pack, the indi-
vidual drive axles and other functions.

[0176] The flow chart shown in FIG. 24 shows an
example of a touch screen system. Not shown are examples
of an air brake system monitor screen and individual axle
brake status screens which can be included in the screen
system of the present invention. The individual screens
shown in flow chart of FIG. 24 are a Main Menu Screen
24001 which controls a number of secondary screens. The
secondary (or child) screens include: a Battery Monitor
Screen 24002; a Battery Status Screen 24003; a Traction
Motor Summary Screen 24004; a Warnings Screen 24005; a
Control Tools Screen 24006; and a Derate and Shutdown
Screen 24007. The Traction Motor Summary Screen 24004
controls individual Traction Motor Screens 24011, the num-
ber of Traction Motor Screens 24011 being equal to the
number of drive axles on the locomotive. The individual
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Traction Motor Screens 24011 are therefore grandchildren
of the Main Menu Screen 24001 and children of the Traction
Motor Summary Screen 24004. The Control Tools Screen
24006 controls three informational screens which include:
an Alarm History Screen 24021; a Digital Input Monitor
Screen 24022; and an Output Monitor Screen 24023. The
informational screens 24021, 24022 and 24023 are therefore
grandchildren of the Main Menu Screen 24001 and children
of the Control Tools Screen 24006.

[0177] As shown in FIG. 25, the Main Menu Screen
accesses the following secondary screens:

[0178] (a) the Traction Motor Summary Screen
25001 (shown in FIG. 26);

[0179] (b) the individual Traction Motor Screens
25002 (shown in FIG. 27);

[0180] (c) the Battery Monitor Screen 25003 (shown
in FIG. 29);

[0181] (d) the Battery Status Screen 25004 (shown in
FIG. 28);

[0182] (e) the Control Tools Screen 25005 (shown in
FIG. 30);

[0183] () the Warnings Screen 25006 (shown in
FIG. 34); and

[0184] (g) the Derate and Shutdown Screen 25007
(shown in FIG. 35).

[0185] In addition, several functions are monitored and
controlled from the Main Menu Screen. The functions
monitored include:

[0186] (a) the locomotive status 25010, which reports
on the state of the locomotive, including for
example: throttle positions; battery and other elec-
trical conditions; forward, neutral or reverse status;
wheel slip;

[0187] (b) the charger status 25011, which reports on
the state of the charger including for example:
charger electrical conditions; temperatures; and sta-
tus such as running or shutting down;

[0188] (c) the locomotive speed 25012, which dis-
plays the speed in miles per hour (mph) or other units
such, as for example, kilometers per hour (kph);

[0189] (d) the throttle notch position 25013, which
displays the throttle notch position (from 1 to 8) set
manually by the locomotive engineer;

[0190] (e) the battery pack voltage 25014, which
displays the voltage at the output terminals of the
battery pack;

[0191] (D) a traction motor status field 25015, with a
change in field color indicating that there is a change
in status of one or more of the DC traction motors;

[0192] (g) a warning field 25016, with change in field
color indicating that there is a change in status of one
or more of the system warnings; and

[0193] (h) a derate or shutdown field 25017, with a
change in field color indicating that there is a change
in status of derate (going to or remaining in idle) or
shutdown (emergency locomotive shutdown).
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[0194] The functions controlled include a charger manual
control 25018, with this button being used to manually start
and stop the battery charging generator.

[0195] A child screen off of the Main Menu Screen is the
Traction Motor Summary Screen depicted in FIG. 26 which
accesses the individual Traction Motor Screens 26001. The
Traction Motor Summary Screen shows, for each traction
motor 26002, the position of the various contactors 26003,
the current going through each traction motor 26004, the
reverser status 26005, the ground fault conditions 26006 and
the wheel slip indicator 21007.

[0196] The Traction Motor Summary Screen also allows
the operator to read and select instantaneous or average
current reading 26008 from any of the traction motors. The
Traction Motor Summary Screen allows the operator to go
back to the Main Menu Screen 26009 or to the Warnings
Screen 26010 or to any of the Traction Motor Screens
26002.

[0197] A typical Traction Motor Screen, shown in FIG.
27, provides more detail about the status of each traction
motor including contactor status 27001, motor status 27002,
reverser status 27003, wheel slip status 27004 and motor
current 27005. This screen also allows the operator to open
contactors 27011, monitor the motor cutout status 27012, cut
out the traction motor 27013 and de-energize the reverser
27014. Field 27021 of each of the Traction Motor Screens
allows the operator to go back to the main menu screen.

[0198] The Battery Status Screen, shown in FIG. 28,
displays details about the electrical state of the energy
storage unit (e.g., battery) and the status of the mechanical-
to-electrical conversion device (e.g., charging generator).
The displayed fields include:

[0199] (a) B-Contactor Status 28001, which reports
whether the Battery contactors are open or closed;

[0200] (b) Battery Power 28002, which displays the
current power being delivered by the energy storage
unit to the drive system;

[0201] (c) Battery voltage 28030
[0202] (d) Battery current 28031

[0203] (e) Battery Energy Delivered to Date 28003,
which provides the total amount of kWh the energy
storage unit has delivered to the drive system;

[0204] (f) Battery State of Charge 28004, which
depicts, in a bar graph format, the state of charge of
the energy storage unit by measuring the amp-hours
in and the amp-hours out;

[0205] (g) Charger Status 28005, which reports what
the mechanical-to-electrical conversion device (e.g.,
charging generator) is currently doing such as, for
example, mode of operation (warming up etc); cur-
rent charge, load charge, cooling status;

[0206] (h) Charger Power 28006, which reports the
power being produced by the mechanical-to-electri-
cal conversion device (e.g., charging generator) for
charging the energy storage unit. When the conver-
sion apparatus is not running, this field will provide
a negative value to reflect the power draw out of the
storage unit by the auxiliary systems; and
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[0207] (i) Charger Energy Produced to Date 28006,
which reports the power that the conversion device
has produced for replacing the energy drawn from
the energy storage unit by the drive system but does
not include the draw of the auxiliaries.

[0208] (j) Charger frequency 28032
[0209] (k) Charger current 28033

[0210] In addition, the Battery Status Screen allows con-
trol of the mechanical-to-electrical conversion device (e.g.,
charging generator) through:

[0211] (a) the Charger Manual Control Button 28011,
which can be used to manually start and stop the
conversion device; and

[0212] (b) the Charger Disabler Button 28012, which
allows the operator to disable the charge scheme for
the conversion device, preventing it from starting
automatically or through the manual charger control
button 28011.

[0213] The Battery Status Screen is a child of the Main
Menu Screen, is accessed from the the Main Menu Screen
and, using field 28013, allows the operator to return to the
Main Menu Screen.

[0214] The Battery Monitor Screen, shown in FIG. 29,
relays the signals from the battery monitoring system to the
operator. The three squares 29001 on the left correspond to
the three left-most LEDs in the battery monitoring system
box, which correspond to temperature faults in the energy
storage unit. The field 29003 directly below the three
squares 29001 provide more detail about the fault detected.
The two squares 29004 on the right correspond to the right
most LEDs in the battery monitoring system box, which
correspond to voltage faults. The field 29006 below the two
squares 29004 give more detail about the fault condition
detected. This screen is a child of the Main Menu Screen, is
accessed from the Main Menu Screen and, using field
29008, allows the operator to return to the Main Menu
Screen.

[0215] The Control Tools Screen, shown in FIG. 30, is a
child of the Main Menu Screen and, in turn, accesses the
various informational screens, such as the Alarm History
Screen of FIG. 31, the Digital Input Monitor Screen of FIG.
32 and the Output Monitor Screen of FIG. 33.

[0216] The Control Tools Screen shows the following
fields:

[0217] (a) a 600 V ground fault indicator 30001,

[0218] (b) ground leakages 30002 detected on each
traction motor;

[0219] (c) battery power set point 30003;
[0220] (d) battery current 30004;
[0221] (e) horsepower being developed 30005; and

[0222] (f) traction motor leakage detected during last
test 30006.

[0223] The Control Tools Screen also has a ground fault
detection control button 30011, which turns color when a
ground fault has been detected. Pushing the ground fault
detection control button 30011 starts a ground fault detection

14

Dec. 1, 2005

process. This screen is a child of the Main Menu Screen, is
accessed from the Main Menu Screen and, using field
30012, allows the operator to return to the Main Menu
Screen. This screen allows the operator to access the Alarm
History Screen via field 30013, the Digital Input Monitor
Screen via field 30014 and the Output Monitor Screen via
field 30015.

[0224] The Alarms History Screen, shown in FIG. 31,
keeps a record of all of the alarms and warnings 31001
reported on the touch-screen. The Alarm History Screen is a
child of the Control Tools Screen and allows the operator to
go back to the Main Menu Screen via field 31002, to the
Warnings Screen via field 31012 or to the Derate and
Shutdown Screen via field 31013. The Alarm History Screen
also has a button 31014 that allows the operator to clear the
list 31001 of past alarms and warnings.

[0225] A Digital Input Monitor Screen, shown in FIG. 32,
indicates the various inputs to the control computer monitors
and shows the status of that input. If there is no signal seen
by the control computer, the square 32001 will be black, and
if a signal is present, square 31001 will be green. The various
input boards are given an address 32002, such, as for
example, “1” means input board. The first number 32003
designates which board (3, 4, or 5), and the second number
32004 designates which tab on the board (0 to 15). This
screen also has a button 32011 to reset the pulse width board
signal. The Digital Input Monitor Screen allows the operator
to go back to the Main Menu Screen via field 32012, the
Control Tools Screen via field 32013, or to the Output
Monitor Screen via field 32014.

[0226] An Output Monitor Screen, shown in FIG. 33,
shows the various output the control computer uses, and the
status of the outputs. If there is no signal, the square 33001
will be blue, if there is a signal going out, then the square
33001 is red. The Output Monitor Screen also has an output
control button 33011, which allows the operator to override
the logic of the control computer and to enable any of the
outputs manually. The Output Monitor Screen is a child of
the Control Tools Screen and allows the operator to go back
to the Control Tools Screen via field 33012 or to the Digital
Input Monitor Screen via field 33013.

[0227] A Warnings Screen, shown in FIG. 34, displays
minor alarms that have been detected.

[0228] The warnings contains information on:

[0229] (a) an improper reverser condition or mis-
match field 34001,

[0230] (b) a throttle mismatch field 34002;

[0231] (c) a B-contactor mismatches field 34003 and
P-contactor mismatches fiecld 34004;

[0232] (d) a high or low current warnings field 34005
indicating an unacceptably high or low current on
any of the traction motors 34006;

[0233] (e) a low voltage warning field 34007 indi-
cating a low voltage on the energy storage unit;

[0234] (f) a ground leakage field 34008; and

[0235] (g) a high temperature warning field 34009
indicating an unacceptably high temperature on the
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any of the traction motors, in the energy storage unit,
or on the chopper board heat sinks.

[0236] The Warnings Screen is a child of the Main Menu
Screen and allows the operator to go back to the Main Menu
Screen via field 34011, the Battery Warning Screen via field
34012 or the Derate and Shutdown Screen via field 34013.

[0237] A Derate and Shutdown Screen, shown in FIG. 35,
displays alarms that caused the locomotive to unload and/or
prevent it from loading to full power. Some functions
flagged on this screen may be controlled manually and some
are controlled automatically. An example of the latter is an
automatic reduction in power to a motor whose IGBT has
exceeded its preset temperature limit. This screen includes
information on:

[0238] (a) an off/shutdown alarms field 35001 indi-
cating an alarm that caused the locomotive to do an
emergency shutdown where the B-Contactors
opened up;

[0239] (b) an emergency fuel shutoff indicator button
35002, a stop command button 35003, a pneumatic
control switch button 35004, an emergency sanding
switch button 35005, an isolation switch condition
button 35006, an engine run switch indicator 35007,
a 600 VDC ground fault detection button 35008, at
least one of the electrical cabinet doors has been
opened indicator 35009, excessive battery current
detected 35010, low battery voltage indicator 35011,
thermal fuse on the filter board short indicator
35012, and excessive locomotive speed indicator
35013,

[0240] (c) an idle derate alarm field 35014 indicating
an alarm that have caused the locomotive to go to or
remain in idle, but the B-Contactors have remained
closed. This includes conditions where the generator
field switch is off, one or more P-Contactor has not
aligned correctly, or the battery current is being
detected when it should not be;

[0241] (d) a traction motor high current derate field
35015 indicating that the locomotive is not devel-
oping full power because of high current in the
traction motors;

[0242] (e) an RVR MM Cut-Out field 35016 indicat-
ing that the locomotive is not developing full power
because a reverser will not align in the given direc-
tion, or full power is not being developed because a
traction motor was manually cut out; and

[0243] (f) a ground derate field 35016 indicating that
the locomotive will not load because there is a 600
V ground fault condition, or the locomotive will not
load because it is in the process of a ground fault
detection test.

[0244] The Derate and Shutdown Screen also has a button
35021 that can be pushed to acknowledge an alarm and clear
it from the system. The Derate and Shutdown Screen is a
child of the Main Menu Screen and allows the operator to go
back to the Main Menu Screen via field 35022.

[0245] A number of variations and modifications of the
invention can be used. As will be appreciated, it would be
possible to provide for some features of the invention
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without providing others. For example in one alternative
embodiment, the various inventive features are applied to
vehicles other than locomotives, such as cars, railroad cars,
and trucks. The control logic set forth above may be
implemented as a logic circuit, software, or as a combination
of the two.

[0246] The present invention, in various embodiments,
includes components, methods, processes, systems and/or
apparatus substantially as depicted and described herein,
including various embodiments, subcombinations, and sub-
sets thereof. Those of skill in the art will understand how to
make and use the present invention after understanding the
present disclosure. The present invention, in various
embodiments, includes providing devices and processes in
the absence of items not depicted and/or described herein or
in various embodiments hereof, including in the absence of
such items as may have been used in previous devices or
processes, for example for improving performance, achiev-
ing ease and\or reducing cost of implementation.

[0247] The foregoing discussion of the invention has been
presented for purposes of illustration and description. The
foregoing is not intended to limit the invention to the form
or forms disclosed herein. In the foregoing Detailed Descrip-
tion for example, various features of the invention are
grouped together in one or more embodiments for the
purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted as reflecting an intention
that the claimed invention requires more features than are
expressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all features
of a single foregoing disclosed embodiment. Thus, the
following claims are hereby incorporated into this Detailed
Description, with each claim standing on its own as a
separate preferred embodiment of the invention.

[0248] Moreover though the description of the invention
has included description of one or more embodiments and
certain variations and modifications, other variations and
modifications are within the scope of the invention, e.g. as
may be within the skill and knowledge of those in the art,
after understanding the present disclosure. It is intended to
obtain rights which include alternative embodiments to the
extent permitted, including alternate, interchangeable and/or
equivalent structures, functions, ranges or steps to those
claimed, whether or not such alternate, interchangeable
and/or equivalent structures, functions, ranges or steps are
disclosed herein, and without intending to publicly dedicate
any patentable subject matter.

1-20. (canceled)
21. A method for addressing non-synchronous wheel
slippage, comprising:

providing a plurality of traction motors, each of the
plurality of traction motors being independently
coupled to and driving at least one wheel;

detecting an operating characteristic of each of the plu-
rality of traction motors;

determining that the at least one wheel corresponding to
a first traction motor is experiencing wheel slippage;
and

in response to the determining step, reducing power
supplied to the first traction motor for a selected period
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of time while continuing to provide power in excess of
the reduced power to the remaining traction motors.
22. The method of claim 21, wherein the determining step
comprises:

determining that the operating characteristic of the first
traction motor has a predetermined relationship with an
operating characteristic setpoint.

23. The method of claim 22, wherein the operating
characteristic is at least one of a corresponding operating
speed of each of the plurality of traction motors and a
corresponding electrical current supplied to each of the
plurality of traction motors and further comprising:

comparing a detected operating characteristic detected for
each of the traction motors to the operating character-
istic setpoint and wherein, when the detected operating
speed has the predetermined relationship with the oper-
ating characteristic setpoint, the at least one wheel of
the corresponding traction motor is determined to be
experiencing wheel slippage.

24. The method of claim 22, wherein the reducing step is
performed until the detected operating characteristic for the
first traction motor no longer has the predetermined rela-
tionship with the operating characteristic setpoint.

25. A controller operable to perform the steps of claim 21.

26. A system for addressing non-synchronous wheel slip-
page, comprising:

a plurality of traction motors, each of the plurality of
traction motors being independently coupled to and
driving at least one wheel;

a plurality of sensors operable to sense an operating
characteristic of each of the plurality of traction motors,
wherein each of the sensors corresponds to a traction
motor; and

Dec. 1, 2005

a controller operable to determine that the at least one
wheel corresponding to a first traction motor is expe-
riencing wheel slippage and, in response thereto,
reduce a level of power supplied to the first traction
motor for a selected period of time while continuing to
provide levels of power in excess of the reduced power
to the remaining traction motors.

27. The system of claim 26, wherein the controller is
further operable to determine that the operating character-
istic of the first traction motor has a predetermined relation-
ship with a speed set point.

28. The system of claim 27, wherein the controller is
further operable to compare a detected operating character-
istic detected for each of the traction motors to the operating
characteristic set point and, when the detected operating
characteristic exceeds the operating characteristic set point,
determine that the at least one wheel of the corresponding
traction motor is experiencing wheel slippage.

29. The system of claim 26, wherein the controller is
operable to reduce the level of power supplied to the first
traction motor until the at least one wheel of the first traction
motor is no longer experiencing slippage.

30. The system of claim 26, wherein the controller is
operable to increase the level of power supplied to the first
traction motor when the at least one wheel of the first
traction motor has a detected operating speed in excess of
the speed set point.

31. The system of claim 26, wherein the operating char-
acteristic is a corresponding electrical current supplied to
each of the traction motors.



