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ABSTRACT 

The present invention is directed to a hybrid locomotive that 
can operate in a multitude of operational modes, including 
a slug operating mode, an energy storage operating mode, a 
B-locomotive operating mode, an independent operating 
mode, and a poWer source operating mode, and/or can 
provide electrical energy to an external poWer distribution 
system, such as a poWer grid, catenary, and third rail. 
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CABLESS HYBRID LOCOMOTIVE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims the bene?ts, under 
35 U.S.C.§119(e), of US. Provisional Application Ser. Nos. 
60/549,327, ?led Mar. 1, 2004, and 60/552,932, ?led Mar. 
12, 2004, of the same title and both to Maier et al., each of 
Which is incorporated herein by this reference. 

FIELD 

[0002] The present invention relates generally to a cabless 
hybrid locomotive Which is suitable for augmenting other 
locomotives as part of a locomotive consist or acting as an 
independent locomotive in a variety of other applications. 

BACKGROUND 

[0003] Conventional stand-alone locomotives have output 
poWer typically ranging from approximately 300 horse 
poWer (for eXample, locomotives used in mining and tun 
neling) to 6,000 horsepoWer (for eXample, locomotives for 
long haul cross-country freight trains). In many applications, 
especially if there are signi?cant grades along the route, a 
number of conventional locomotives may be used in a 
consist to haul a large train of a feW to over a hundred cars. 

[0004] Alternately, a consist may be composed of B-unit 
locomotives (a conventional locomotive Without a func 
tional cab) controlled by the creW of the lead or A-unit 
locomotive. Another multi-locomotive con?guration might 
be comprised of conventional diesel locomotives and one or 
more slugs. A slug is a cabless locomotive that contains 
traction motors but has no integral prime poWer supply, 
receiving its poWer from another locomotive called the 
mother. Slugs are usually constructed from old conventional 
locomotives Which have their cabs removed. The deacti 
vated diesel engines may be left in place or replaced by inert 
ballast to maintain sufficient Weight over the Wheels for 
proper traction. 

[0005] Conventional railroad locomotives are typically 
poWered by diesel-electric systems or by diesel-hydraulic 
systems. It is knoWn that a hybrid locomotive or a hybrid 
locomotive/tender car combination can be used to capture 
and store energy that is otherWise Wasted by incorporating 
an energy storage system (battery pack, capacitor bank, 
?yWheel assemblies or combinations of these systems). The 
energy storage system maybe charged by an on-board 
engine, by another hybrid or conventional locomotive in the 
consist, by a regenerative braking system or by an eXternal 
source. The stored energy may be used to poWer the traction 
motors of the energy storage car or the traction motors of 
other operative members of the consist. 

[0006] US. Pat. No. 6,408,766 discloses an auXiliary 
tender car for locomotives Which stores signi?cant quantities 
of fuel and delivers the fuel to the locomotives While 
underWay. The tender also includes traction motor drive 
aXles but does not have its oWn poWer source. The traction 
motors of the tender car are poWered by the locomotive and 
may also capable of providing dynamic braking. The auX 
iliary tender operates much like a road slug eXcept that it 
carries useful materials such as fuel instead of ballast. 

[0007] One of the present inventors has disclosed the use 
of a battery-dominant hybrid locomotive in US. Pat. No. 
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6,308,639 Which is also incorporated herein by reference. 
The same inventor has also disclosed a method and appa 
ratus for controlling poWer provided to DC traction motors 
by furnishing an individual chopper circuit for each traction 
motor in US. Pat. No. 6,812,656 Which is incorporated 
herein by reference. 

[0008] There remains a need for a hybrid locomotive 
Which is capable of remote operation either in concert With 
other locomotives or as an independently operable locomo 
tive. Such a hybrid locomotive must be able to ef?ciently 
control available energy and effectively allocate poWer and 
tractive effort. 

SUMMARY 

[0009] These and other needs are addressed by the various 
embodiments and con?gurations of the present invention 
Which is directed generally to a hybrid locomotive that can 
function in various operating modes and/or provide electri 
cal energy to other eXternal electrical devices. 

[0010] In a ?rst embodiment or the present invention, the 
hybrid locomotive can operate in a plurality of the folloWing 
operating modes: 

[0011] a road or yard slug 

[0012] an energy storage unit for a locomotive con 
sist 

[0013] 
[0014] an independent, remotely operated hybrid 

yard sWitching locomotive 

[0015] an independent, mobile poWer supply for a 
poWer grid 

a hybrid B-unit in a locomotive consist 

[0016] In one con?guration, the hybrid locomotive is a 
cabless locomotive comprised of at least an energy storage 
unit, a prime poWer generator, an energy conversion device 
to convert the energy output by the primary energy source 
into a form suitable for storage or propulsion, a supply of 
fuel for the prime energy source and appropriate controls, all 
mounted on a frame Which includes tWo or more truck 

assemblies, each truck assembly being further comprised of 
AC or DC traction motors each of Which may be controlled 
by its oWn inverters and/or chopper circuits. 

[0017] In another con?guration, the cabless hybrid loco 
motive is additionally provided With a dynamic braking 
system. The dynamic braking system may also be eXtended 
to include a regeneration system for routing some or all of 
the energy recovered from braking to the energy storage 
system. 

[0018] In a preferred con?guration, a single cabless loco 
motive is con?gured to provide a variety of functions by 
manually sWitching betWeen control algorithms. Under a 
?rst control algorithm, the cabless locomotive can then 
automatically function as a slug by draWing poWer from 
adjacent locomotives to poWer the traction motors on the 
cabless locomotive. Under a second control algorithm, the 
cabless locomotive can automatically function as an energy 
storage unit by receiving poWer from a regenerative braking 
system, it oWn charging poWer supply and/or from other 
members of the consist. Under a third control algorithm, the 
cabless locomotive can automatically function as a B-loco 
motive using a combination of prime movers and energy 
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storage units to provide propulsion and braking through its 
traction motors. Under a fourth control algorithm, the 
cabless locomotive can automatically function as a indepen 
dent locomotive using a combination of prime movers and 
energy storage units to provide propulsion through its trac 
tion motors and to receive poWer from a regenerative 
braking system. In this con?guration, the locomotive may be 
remotely controlled or controlled from a temporary cab on 
the locomotive. Under a ?fth control algorithm, the cabless 
locomotive can automatically function as a poWer supply or 
poWer regulator for a poWer grid, catenary or third rail using 
a combination of prime movers and energy storage units to 
provide or receive poWer through a poWer conditioning 
apparatus. 

[0019] In another embodiment, a number of cabless hybrid 
locomotives can form a part of a locomotive consist Where 
the operation of each cabless hybrid locomotive has one or 
more independently controllable features. These indepen 
dently controllable features may include, for eXample, the 
total amount of tractive effort applied, the operation of the 
prime poWer sources, the amount of stored energy used, the 
amount of poWer applied by either or both of the prime 
poWer sources and energy storage systems, control of Wheel 
slip, control of Wheel skid, amount of regenerative braking 
energy stored and amount of energy transferred to other 
locomotives in the consist. Independent control of features 
such as described above can be effected by predetermined or 
programmable logic in an on-board programmable logic 
controller, a microcomputer, an industrial computer or the 
like. Control may also be accomplished for each cabless 
hybrid locomotive in the consist from the Aunit locomotive, 
or from the A unit locomotive to the adjacent B unit 
locomotive and then daisy-chained from each neighboring B 
unit locomotive to the neXt utiliZing predetermined or pro 
grammable logic in on-board programmable logic control 
lers, microcomputers, industrial computers or the like. Con 
trol may be by any number of communication methods such 
as for eXample, by hard Wire from locomotive to locomotive, 
radio telemetry, other forms of Wireless communication, 
and/or audio and/or video linkage telemetry. If energy is 
transferred from locomotive to locomotive in the consist, the 
locomotives Will require hard Wire connections. 

[0020] In another embodiment, the appropriate controls 
can be operated remotely by an operator Who is located on 
the locomotive itself or on any of the cars that form the train; 
or, more typically, the operator can be located externally to 
the cabless hybrid locomotive and the cars that form the train 
propelled by one or more cabless locomotives. In this case, 
the cabless hybrid locomotive can be independently oper 
able by an operator on foot, in a vehicle not connected to the 
train being pulled by the cabless hybrid locomotive, or in a 
building. In these instances, the operator could control the 
cabless hybrid locomotive of the present invention by any 
number of remote control techniques, such as for eXample, 
a belt controller, radio telemetry, other forms of Wireless 
communication, and/or audio and/or video linkage. In 
another embodiment, the cabless hybrid locomotive can be 
operated in fully automated mode using a computer pro 
gram. Such operation is preferred in operations that are 
repetitive and/or in dangerous areas such as radioactive 
mining or Waste storage. 

[0021] In yet another embodiment, a method is provided 
for managing the energy states of members of a consist. The 
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consist members can be any energy consuming and/or 
providing vehicles, such as a hybrid locomotive, a conven 
tional diesel locomotive, a slug, a tender car, a B-locomo 
tive, an A-locomotive, and the like. In one con?guration, one 
of the members is a hybrid locomotive including an energy 
storage unit for storing electrical energy, and a generator for 
providing electrical energy to the energy storage unit or its 
traction motors. 

[0022] In another con?guration, one of the members is a 
hybrid locomotive including an energy storage unit for 
storing electrical energy, a generator for providing electrical 
energy to the energy storage unit or its traction motors and 
a regenerative braking system for some or all of its electrical 
energy to the energy storage unit. The consist members are 
interconnected by a direct current poWer bus for exchanging 
electrical energy. 

[0023] The method for controlling the hybrid locomotive 
includes the steps: 

[0024] (a) for the locomotive, monitoring the voltages and 
currents associated With the energy storage unit, genera 
tor(s), and one or more of the traction motors, as Well as 
monitoring the revolutions-per-minute of the generator(s) 
and one or more of the traction motors; and 

[0025] (b) for the locomotive, using the results of the 
monitoring step to select from among at least the folloWing 
discrete operational modes or energy states: 

[0026] in a ?rst operational mode, poWering the 
plurality of traction motors of the locomotive using 
predominantly electrical energy from one or more 
other members of the consist. In this ?rst operational 
mode, the locomotive stores more energy in the 
energy storage unit than is being removed from the 
energy storage unit. In this mode, electrical energy is 
not being provided by the locomotive to another 
consist member; 

[0027] (ii) in a second operational mode, poWering 
the plurality of traction motors of the locomotive 
using predominantly electrical energy from the loco 
motive’s oWn energy storage unit and/or generator. 
In this second operational mode, the amount of 
electrical energy stored in the locomotive’s electrical 
storage unit is less than the amount of electrical 
energy removed from the locomotive’s energy stor 
age unit. In this mode, the electrical energy is not 
being provided by the locomotive to another consist 
member; 

[0028] (iii) in a third operational mode, storing elec 
trical energy in the locomotive’s energy storage unit. 
In this third operational mode, most of the electrical 
energy being stored in the energy storage unit is 
received from one or more other consist members 
and the amount of electrical energy stored in the 
energy storage unit is greater than the amount of 
electrical energy removed from the energy storage 
unit. In this mode, electrical energy is not being 
provided by the locomotive to another consist mem 
ber; 

[0029] (iv) in a fourth operational mode, storing 
electrical energy in the locomotive’s energy storage 
unit. In this fourth operational mode, most of the 
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electrical energy being stored in the energy storage 
unit is received from the locomotive’s generator 
and/or regenerative braking of the locomotive’s plu 
rality of traction motors. The amount of electrical 
energy stored in the locomotive’s electrical storage 
unit is greater than the amount of electrical energy 
removed from the locomotive’s energy storage unit, 
and electrical energy is not being provided by the 
locomotive to another consist member; 

[0030] (v) in a ?fth operational mode, the locomotive 
dissipates electrical energy through its dynamic 
braking grid. In this ?fth operational mode, neither 
the generator nor energy storage unit poWers the 
traction motors and the energy storage unit does not 
receive and store additional electrical energy. In this 
mode, electrical energy is not being provided by the 
locomotive to another consist member; and 

[0031] (vi) in a siXth operational mode, providing 
energy from the locomotive’s electrical storage unit 
and/or generator and/or regenerative braking system 
to one or more other consist members. In this siXth 

operational mode, the selected locomotive is remov 
ing more energy from the selected locomotive’s 
energy storage unit than is being stored in the 
selected locomotive’s energy storage unit. As Will be 
appreciated, Where the consist includes a number of 
hybrid locomotives, the different locomotives can be 
simultaneously in a number of different operational 
modes. 

[0032] The ?rst operational mode is preferably selected 
When the amount of electrical energy internally available 
from a selected hybrid locomotive does not meet or eXceed 
the amount of electrical energy currently being and/or pro 
spectively to be consumed by the locomotive but eXcess 
energy (e. g., from a storage unit, a generator, a motor, and/or 
a regenerative braking system) is available from another 
consist member. In other Words, the mode may be invoked 
When a state of charge in the electrical storage unit of the 
locomotive is less than a ?rst selected threshold (e.g., 
meaning that the unit has insuf?cient stored energy for 
current and/or future operations), a charge in the electrical 
storage unit of one or more other consist members is greater 
than a second selected threshold (e.g., meaning that the other 
member(s) has/have energy available to share because it has 
adequate energy available for current and/or future opera 
tions), and an amount of electrical energy being provided to 
the locomotive’s traction motors eXceeds an amount of 
electrical energy output by the selected locomotive’s gen 
erator. 

[0033] The second operational mode is preferably selected 
When the amount of electrical energy internally available 
from the selected hybrid locomotive (e.g., from a storage 
unit, a generator, a motor, and/or a regenerative braking 
system) meets or eXceeds the amount of electrical energy 
currently being and/or prospectively to be consumed by the 
locomotive. In other Words, the mode may be selected When 
a state-of-charge in the electrical storage unit of the loco 
motive is greater than a ?rst selected threshold (e.g., mean 
ing that the unit has suf?cient stored energy for current 
and/or future operations) and the electrical energy required 
by the locomotive’s traction motors is less than a selected 
electrical energy threshold (e.g., meaning that the locomo 
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tive has adequate available energy from internal source(s) to 
meet its current energy needs). The ?rst selected threshold is 
related to an available amount of electrical energy from the 
locomotive’s energy storage unit and generator. 

[0034] The third operational mode is preferably selected 
When the selected hybrid locomotive’s energy storage unit 
has insuf?cient state-of-charge based on current and/or 
anticipated future energy demands but eXcess energy is 
available from another consist member. In other Words, the 
mode may be selected When a state-of-charge in the elec 
trical storage unit of the locomotive is less than a ?rst 
selected threshold (e.g., meaning that the energy storage unit 
has less than a minimum level of stored charge deemed 
necessary for normal operations of the hybrid locomotive) 
and a state-of-charge in the electrical storage unit of one 
more other consist members is greater than a second selected 
threshold (e.g., meaning that the other consist member has 
adequate energy available for its oWn current and/or future 
operations and can provide energy to the hybrid locomo 
tive). 
[0035] The fourth operational mode is preferably selected 
When the selected hybrid locomotive’s energy storage unit 
has insuf?cient state-of-charge based on current and/or 
anticipated energy demands but sufficient energy is available 
from one or more sources internal to the hybrid locomotive. 
Insufficient state-of-charge is typically found to eXist When 
a state-of-charge in the electrical storage unit of the loco 
motive is less than a selected threshold (e.g., meaning that 
the storage unit has less than a minimum level of stored 
charge deemed necessary for normal operations). 

[0036] The ?fth operational mode is preferably selected 
When the selected hybrid locomotive’s energy storage unit is 
fully charged and no other consist member requires the 
energy for its current and/or future operational needs. Afully 
charged state is typically found to eXist When a state-of 
charge in the electrical storage unit of the locomotive is 
greater than a selected threshold (e.g., meaning that the 
storage unit is fully charged). 

[0037] The siXth operational mode is preferably selected 
When the selected hybrid locomotive has adequate available 
electrical energy for its current and/or prospective opera 
tions but another consist member requires energy to meet its 
current and/or prospective demands. In other Words, the 
mode may be selected When a state-of-charge in the elec 
trical storage unit of another consist member is less than a 
?rst selected threshold (e.g., meaning that the unit in the 
other members needs energy from an external source), a 
state-of-charge in the electrical storage unit of the selected 
hybrid locomotive is greater than a second selected thresh 
old (e.g., meaning that the unit is suf?ciently charged for 
current and/or prospective operations of the hybrid locomo 
tive), and an amount of electrical energy being provided to 
the other consist member’s traction motors eXceeds an 
amount of electrical energy output by the internal sources of 
the consist member. 

[0038] The above-described embodiments and con?gura 
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. 

[0039] As used herein, “at least one . . . and”, “at least one 

. or , one or more of . . . and”, “one or more of . . . or , 
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and “and/or” are open-ended expressions that are both 
conjunctive and disjunctive in operation. For example, each 
of the expressions “at least one of A, B and C”, “at least one 
ofA, B, or C”, “one or more ofA, B, and C”, “one or more 
ofA, B, or C” and “A, B, and/or C” meansA alone, B alone, 
C alone, A and B together, A and C together, B and C 
together, and A, B and C together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a schematic side vieW of a basic cabless 
hybrid locomotive according to an embodiment of the 
present invention. 

[0041] FIG. 2 is a schematic side vieW of an alternate 
cabless hybrid locomotive con?guration according to an 
embodiment of the present invention. 

[0042] FIG. 3 is a schematic side vieW of tWo cabless 
hybrid locomotives as part of a locomotive consist according 
to an embodiment of the present invention. 

[0043] FIG. 4 is a schematic side vieW of a cabless hybrid 
locomotive operating as an independent locomotive accord 
ing to an embodiment of the present invention. 

[0044] FIG. 5 is a schematic side vieW of a cabless hybrid 
locomotive connected to an external poWer grid according to 
an embodiment of the present invention. 

[0045] FIG. 6 is a schematic side vieW of several cabless 
hybrid locomotives connected to an external poWer grid 
according to an embodiment of the present invention. 

[0046] FIG. 7 illustrates a preferred embodiment of the 
cabless hybrid locomotive poWer supply in more detail 
according to an embodiment of the present invention. 

[0047] FIG. 8 shoWs a logic ?oW diagram of the various 
locomotive con?gurations according to an embodiment of 
the present invention. 

[0048] FIG. 9 shoWs a logic ?oW diagram of a slug 
con?guration according to an embodiment of the present 
invention. 

[0049] FIG. 10 shoWs a logic ?oW diagram of an energy 
storage con?guration according to an embodiment of the 
present invention. 

[0050] FIG. 11 shoWs a logic ?oW diagram of a B-loco 
motive con?guration according to an embodiment of the 
present invention. 

[0051] FIG. 12 shoWs a logic ?oW diagram of an inde 
pendently operable locomotive con?guration according to 
an embodiment of the present invention. 

[0052] FIG. 13 shoWs a logic ?oW diagram of a remotely 
controllable locomotive con?guration according to an 
embodiment of the present invention. 

[0053] FIG. 14 shoWs a logic ?oW diagram of a poWer 
grid connection con?guration according to air embodiment 
of the present invention. 

[0054] FIG. 15 is a logic ?oW diagram for determining 
energy allocation in a consist. 

DETAILED DESCRIPTION 

[0055] FIG. 1 is a schematic side vieW of the basic cabless 
hybrid locomotive of the present invention. The locomotive 
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700 does not have a control cab and is referred to as a cabless 
hybrid locomotive. Prime poWer is provided by a generator 
701 such as for example one or more diesel engines, micro 
turbines, Stirling engines or fuel cells. The generator 701 is 
used to charge an energy storage unit 703 through a poWer 
conversion unit 702. The poWer conversion unit 702 may be 
an alternator/recti?er for example. The energy storage unit 
703 may be, for example, a battery pack, a bank of capaci 
tors, a compressed air storage system, a ?yWheel, or a 
combination of these. The Wheels 705 of the locomotive 700 
are driven by traction motors 706 Which are poWered by the 
electrical output of the energy storage unit 703 or the 
generator 701 or both. The poWer conversion apparatus 702 
that converts mechanical energy from the prime energy 
source to direct current (DC) electrical energy is preferably 
an alternator/recti?er combination Which outputs recti?ed 
DC poWer suitable for charging an energy storage unit 
and/or driving DC traction motors through one or more 
chopper circuits. Alternately, the poWer conversion appara 
tus 702 is an alternator/recti?er combination Which outputs 
recti?ed DC poWer suitable for charging an energy storage 
unit and/or driving AC traction motors through one or more 
inverters. The generator 701 is large enough to provide a 
signi?cant portion of the output poWer of the locomotive 
700 and therefore requires a relatively large fuel tank 704. 
The fuel tank 704 can be located inside the locomotive or 
carried underneath as a belly tank or can be both. The poWer 
rating of the generator 701 is preferably in the range of 100 
to 2,500 kW. The storage capacity of the energy storage unit 
703 is preferably in the range of 500 to 2,500 kW-hrs. The 
capacity of the fuel tank 704 is preferably in the range of 500 
to 6,000 gallons. This is the one con?guration of the present 
invention. This locomotive con?guration 700 may be con 
trolled from a separate lead locomotive When used as part of 
a larger locomotive consist. It may also be used as a 
remotely controlled, independent locomotive as discussed 
later. 

[0056] One of the energy storage unit options mentioned 
above is a compressed air storage system. In this system, 
electrical energy is used to compress air Which is stored in 
cylinders at pressures typically up to a feW thousand psi. 
When needed, this energy can be reconverted to electrical 
energy using one or more air motors and associated poWer 
conversion apparatus. The compressed air can also be used 
for other applications on the locomotive or train for example 
as a supply of compressed air for the brake system or for use 
in bloWers used to provide cooling for traction motors. 

[0057] FIG. 2 is a schematic side vieW of an alternate 
cabless hybrid locomotive con?guration of the present 
invention. As With the cabless hybrid con?guration shoWn in 
FIG. 1, prime poWer is provided by a generator 801. The 
generator 801 is used to charge an energy storage unit 803 
through a poWer conversion unit 802. The Wheels 807 of the 
locomotive 800 are driven by traction motors 806 Which are 
poWered by the electrical output of the energy storage unit 
803 or the generator 801 or both by means of a common bus 
(not shoWn) connected to one or more chopper circuits or 
inverter circuits (also not shoWn). Fuel for the generator 801 
is obtained from a large fuel tank 804. This embodiment 
includes a dynamic and regenerative braking system. During 
braking, the traction motors 806 of the locomotive 800 can 
be sWitched to function as electrical generators to convert 
kinetic energy of braking to electric energy Which is then 
stored, using a regeneration system, in the energy storage 




















