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(57) ABSTRACT 

A propulsion system for a relatively large land-based 
vehicle, such as a locomotive or off-highway vehicle, is 
provided. The system may include a brushless dynamoelec 
tric machine made up of a main alternator having a main 
rotor and a main stator, and an auxiliary alternator having an 

auxiliary rotor and an auxiliary stator, Wherein the main 
rotor and the auxiliary rotor are disposed on a shaft for joint 
rotation With the shaft. The dynamoelectric machine is 
operable in a poWer generating mode, and in an engine 
cranking mode. A poWer source may be connected to pass 
current to one or more Windings in the auxiliary stator to 
induce an alternating current How in one or more Windings 
in the auxiliary rotor. A recti?er may be connected to receive 
the alternating current ?oW from the one or more Windings 
in the auxiliary rotor. The recti?er is further connected to 
supply a recti?ed current to one or more Windings in the 
main rotor to induce an alternating current How in one or 
more Windings in the main stator of the machine, Wherein 
the alternating current How in the one or more Windings in 
the main stator of the machine constitutes the current 
generated by the dynamoelectric machine during the poWer 
generating mode. The poWer source to be connected during 
the engine cranking mode may be ?rst and second inverters 
connected to provide an AC conversion to a DC input from 
an energy storage device to supply a respective alternating 
current having some desired characteristics. The one 
inverter may be connected to the one or more Windings in 
the main stator, and the other inverter may be connected to 
the one or more Windings in the auxiliary stator to produce 
a torque in the main rotor of the machine. The torque 
produced at the main rotor of the machine is mechanically 
coupled to a crankshaft of an internal combustion engine of 
the propulsion system to start the engine during the engine 
cranking mode. 
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SYSTEM AND METHOD FOR PROPELLING 
A LARGE LAND-BASED VEHICLE USING A 

DUAL FUNCTION BRUSHLESS 
DYNAMOELECTRIC MACHINE 

FIELD OF THE INVENTION 

[0001] The present invention is generally related to elec 
trical propulsion systems, and more particularly, to a system 
and techniques for propelling a relatively large land-based 
vehicle, such as a locomotive or an off-highway vehicle, 
With a brushless dynamoelectric machine that provides dual 
functionality, i.e., as a traction alternator, or as a cranking 
motor for an internal combustion engine of the propulsion 
system. 

BACKGROUND OF THE INVENTION 

[0002] It is knoWn that dynamoelectric machines that may 
be used to provide dual functionality, (e.g., as a traction 
alternator, or as a cranking motor) in a propulsion system of 
a relatively large land-based vehicle, such as a locomotive or 
off-highway vehicle, often require connecting an excitation 
current to a rotating Winding to induce a rotating electro 
magnetic ?eld. This excitation current may be supplied to 
the rotating Winding through one or more slip rings or 
brushes. The use of brushes or slip rings to connect the 
excitation current may entail burdensome and costly main 
tenance, such as may be needed to replace the brushes that 
Wear out due to the frictional engagement that occurs at the 
slip rings. Moreover, the need of brushes or slip rings 
incrementally adds to the Weight and volume of the propul 
sion system and could detrimentally affect the operational 
reliability of the system. 
[0003] Although brushless dynamoelectric machines are 
Well knoWn in the art, such brushless machine may not have 
fully accommodated in a cost-effective and uncomplicated 
manner the various operational needs that may be required 
by dynamoelectric machines that are operable to provide 
dual functionality, e.g., as a traction alternator, or as a 
cranking motor, in a locomotive propulsion system. 
[0004] Accordingly, it is desirable to provide a cost 
elfective and straight-forWard propulsion system that alloWs 
operating the dynamoelectric machine as a brushless 
machine that provides dual functionality, i.e., as a traction 
alternator, or as a cranking motor for the engine. It is further 
desirable to eliminate costly and burdensome maintenance 
as generally required by a dynamoelectric machine that 
employs brushes and slip rings. It is also desirable to provide 
a brushless dynamoelectric machine that incrementally con 
tributes to the overall reliability of the propulsion system 
and leads to reductions in the siZe and Weight of the 
propulsion system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] These and other advantages of the invention Will be 
more apparent from the folloWing description in vieW of the 
draWings that shoW: 
[0006] FIG. 1 illustrates a block diagram representation of 
one example embodiment of a propulsion system that may 
bene?t from aspects of the present invention. 
[0007] FIG. 2 illustrates a schematic representation of a 
brushless dynamoelectric machine as may be connected in a 
propulsion system in accordance With aspects of the present 
invention for electric poWer generation. 
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[0008] FIG. 3 illustrates a schematic representation of the 
brushless dynamoelectric machine of FIG. 2 as may be 
connected in a propulsion system in accordance With further 
aspects of the present invention for cranking an engine. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] FIG. 1 illustrates one example embodiment of a 
propulsion system 10 that may bene?t from aspects of the 
present invention. Propulsion system 10 may be used in a 
relatively large land-based vehicle, such as a locomotive or 
an off-highway vehicle, Wherein an internal combustion 
engine or prime mover 16, such as a diesel engine, is 
mechanically coupled to a dynamoelectric machine 18 that 
may be operated as a traction alternator, or as a cranking 
starter motor for the engine. In vieW of the dual functionality 
of dynamoelectric machine 18, this component may be 
referred to as an alternator or as a motor. 

[0010] A recti?er 20 provides suitable recti?cation to the 
alternating current (AC) output from alternator 18 to poWer 
up a direct current (DC) poWer bus 22 having respective DC 
rails each carrying a voltage of opposite polarity With 
respect to one another. A plurality of traction inverters 24, 
Which in turn drive one or more of a plurality of traction 
motors (not shoWn), receives poWer through poWer bus 22. 
[0011] In one aspect of the propulsion system of FIG. 1, a 
cranking operation for engine 16 may be provided by using 
either a separate cranking inverter, or by electrically sWitch 
ing one of the traction inverters 24 (e.g., the traction inverter 
labeled as traction inverter #6) during the cranking opera 
tion. In the example con?guration shoWn in FIG. 1, a sWitch 
SW1 (e. g., a tWo-pole-double-throW sWitch) may be used to 
connect a poWer storage unit 26 for storing electrical poWer 
(e.g., a battery). The storage unit may be rated to provide a 
relatively loW voltage (e.g., a 64 V nominal battery voltage) 
to the DC input of the traction inverter, and a sWitch SW2 
(e.g., 3-phase slide sWitch) may be used to connect the 
traction inverter three phase output to the leads that Would 
normally provide the alternator 3-phase output to the main 
recti?er (but in this case receive a 3-phase input signal), to 
operate alternator 18 as a cranking motor for the diesel 
engine, While in the engine cranking mode of operation. 
[0012] In one example embodiment, With an alternator 
?eld Winding 27 in the load current path during engine 
cranking, dynamoelectric machine 18 Will operate With 
characteristics similar to that of a DC series motor. That is, 
relatively high starting current and hence desirably high 
starting torque at loW speeds. For readers Who desire addi 
tional background information regarding examples of loco 
motive cranking systems, reference is made to US. Pat. No. 
4,616,166 (Electric PoWer System for Starting a Large 
Rotatable Synchronous Machine, and US. Pat. No. 6,023, 
137 (Use of Traction Inverter for Supplying PoWer for 
Non-traction Applications), each assigned in common to the 
same assignee of the present invention and herein incorpo 
rated by reference. 
[0013] The inventor of the present invention has recog 
niZed an innovative combination of components in a pro 
pulsion system that alloWs operating the dynamoelectric 
machine 18 as a brushless machine that provides dual 
functionality, i.e., as a traction alternator, or as a cranking 
motor for the engine. The proposed combination is believed 
to be advantageous since it should result in eliminating 
costly and burdensome maintenance as generally required 
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by a dynamoelectric machine that employs brushes and slip 
rings. Moreover, a brushless dynamoelectric machine should 
incrementally contribute to the overall reliability of the 
propulsion system and should lead to reductions in the siZe 
and Weight of the propulsion system. 
[0014] As shoWn in FIG. 2, in accordance With aspects of 
the present invention, alternator 18 is arranged as a brushless 
dynamoelectric machine that comprises a ?rst (e.g., a main) 
alternator 50 and a second (e.g., auxiliary) alternator 52, 
operatively connected to function as an exciter to main 
alternator 50. FIG. 2 Will be used to describe an electric 
poWer generating mode of alternator 18 and FIG. 3 Will be 
used to describe a cranking mode of alternator 18. 
[0015] Referring to FIG. 2, the main alternator 50 includes 
a main rotor 54, and the auxiliary alternator 52 includes an 
auxiliary rotor 56. Rotors 54 and 56 are each mounted on a 
rotatable shaft 58 mechanically connected to the crankshaft 
of engine 16 (FIG. 1). In auxiliary alternator 52, a suitable 
current source 53, such as a DC current source, or a 

variable-frequency current source, so long as the signal 
frequency is different than the rotational frequency of the 
rotating Windings, provides current that ?oWs through the 
stationary Windings 60 of auxiliary stator 62 and generates 
an electromagnetic ?eld that induces an AC How in the 
rotating Windings 64 on the auxiliary rotor 56. 
[0016] The AC ?oW induced in Windings 64 is recti?ed by 
a recti?er 66 that is arranged to rotate With the rotatable shaft 
58 and the recti?ed current from recti?er 66 is connected to 
?eld Windings 70 on main rotor 54 of main generator 50, 
Which in the generating mode in turn induces the main 
alternating current generated by the Windings 72 of main 
stator 74. As described in the context of FIG. 1, recti?er 20 
provides suitable recti?cation to the main alternating current 
output from alternator 18 to poWer up the DC poWer bus 22. 
[0017] Since the Windings 64 in the auxiliary rotor 56 are 
connected to jointly rotate With the ?eld Windings 70 of the 
main alternator, this advantageously eliminates the need for 
brushes and slip rings for transmitting the excitation current 
to the ?eld Windings. In operation, alternator 18 generates 
alternating voltages at the line terminals of its main stator 
Windings. As Will be appreciated by those skilled in the art, 
the rms magnitude of the fundamental sinusoidal compo 
nents of these voltages depends on the angular velocity 
(rpm) of the rotatable shaft and on the amount of ?eld 
excitation, Which in turn depends on the excitation produced 
by the auxiliary stator 62. 
[0018] Referring to FIG. 3, in a cranking mode of opera 
tion, rotatable shaft 58 of brushless machine 18 mechani 
cally drives the crankshaft of engine 16. Electrical energy is 
supplied from battery 26 through a poWer source, such as a 
?rst inverter 24l (e.g., one of the traction inverters in FIG. 
1) to provide AC conversion to the DC input from the battery 
to the Windings 72 on the main stator of the machine 18. The 
signal applied to the Windings 72 by inverter 241 may be 
con?gured to have a desired set of characteristics, such as a 
signal varying in frequency in a manner proportional to 
engine speed, as the engine speed is ramped up during 
cranking. 
[0019] For the main rotor 54 to generate a sufficient level 
of torque to rotate the crankshaft and thereby crank the 
engine, requires ?eld excitation current ?oWing in Winding 
70. This excitation current may be provided in one example 
embodiment by applying a three phase signal to Winding 60 
from a suitable poWer source. For example, this poWer 
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source may be a second three phase inverter 242, such as 
another one of the traction inverters in FIG. 1. Inverter 242 
may be con?gured to produce three phase voltages during 
this mode of operation and may convert to function as a 
chopper (i.e., dc/dc converter) during a traction motoring 
mode of operation. It Will be appreciated that the use of ?rst 
and second inverters during the cranking mode of operation 
should not be construed in a limiting sense, since, as Will be 
appreciated by those skilled in the art, other type of devices 
may be used as poWer sources, e.g., cycloconverters, aux 
iliary poWer units (APUs), etc. 
[0020] It is noted that since the rotor may be stationary 
and/or may be at a relatively loW voltage during the initial 
conditions of the cranking mode, a dc voltage applied to 
Winding 60 Will generally not induce enough voltage in 
Winding 64 to produce the required excitation current in 
Winding 70. A relatively high frequency (e.g., 60 HZ) signal 
impressed on Winding 60 produces a rotating magnetic ?eld 
Which in turn induces an AC How in Winding 64 (as Will be 
appreciated by one skilled in the art, the value of the 
frequency should be chosen to maintain a separation in 
frequency betWeen the excitation frequency of Winding 60 
and the shaft speed). This induced AC How is recti?ed by the 
recti?er 66 and produces a current in the main alternator 
?eld 70. Since there is ?ux produced by this ?eld current in 
combination With the armature current produced in response 
to the signal applied by the ?rst traction inverter, the net 
effect is that the main alternator becomes su?iciently ener 
giZed to produce a sufficient amount of torque to rotate the 
engine. 
[0021] As the rotor accelerates from rest, both the fre 
quency and the rms magnitude of the fundamental altemat 
ing voltage Waveforms developed at the line terminals of the 
main stator Windings (i.e., the back emf) correspondingly 
increase. Accordingly, the second traction inverter may be 
con?gured to apply a signal With a different set of charac 
teristics than the characteristics of the signal applied by the 
?rst inverter. For example, this may involve controlling the 
frequency and/or the magnitude of the applied signal to 
supply enough poWer to the alternator. For example, a 
voltage magnitude and/or frequency applied to the Winding 
60 may be controlled to produce a desired level of excitation 
current in Winding 70. Once the rotor reaches a predeter 
mined rotor speed, such as 240 rpm, the engine is considered 
to be started and the motoring mode (i.e., engine cranking 
mode) of operation is discontinued. In an example case, 
Where machine 18 has ten poles, 240 rpm corresponds to a 
fundamental frequency of 20 Hertz. Accordingly, in this 
example the fundamental frequency of the alternating cur 
rent signal supplied by the ?rst inverter to the stator Wind 
ings of machine 18 should be ramped up from Zero to 
approximately 20 Hertz in order for the illustrated system to 
perform its engine cranking function. 
[0022] While the preferred embodiments of the present 
invention have been shoWn and described herein, it Will be 
obvious that such embodiments are provided by Way of 
example only. Numerous variations, changes and substitu 
tions Will occur to those of skill in the art Without departing 
from the invention herein. Accordingly, it is intended that the 
invention be limited only by the spirit and scope of the 
appended claims. 

1. A propulsion system for a relatively large land-based 
vehicle, the system comprising: 
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a brushless dynamoelectric machine comprising a main 
alternator having a main rotor and a main stator, and an 
auxiliary alternator having an auxiliary rotor and an 
auxiliary stator, Wherein the main rotor and the auxil 
iary rotor are disposed on a shaft for joint rotation With 
the shaft, Wherein said dynamoelectric machine is 
operable in a poWer generating mode, and in an engine 
cranking mode; 

a poWer source connected to at least pass current to one 

or more Windings in the auxiliary stator to induce an 
alternating current How in one or more Windings in the 
auxiliary rotor; and 

a recti?er connected to receive the alternating current ?oW 
from the one or more Windings in the auxiliary rotor, 
the recti?er further connected to supply a recti?ed 
current to one or more Windings in the main rotor to 
induce an alternating current How in one or more 

Windings in the main stator of the machine, Wherein the 
alternating current How in the one or more Windings in 
the main stator of the machine constitutes the current 
generated by said dynamoelectric machine during the 
poWer generating mode, 

Wherein the poWer source during the engine cranking 
mode comprises a ?rst poWer source connected to 
supply a ?rst alternating current signal having a ?rst set 
of characteristics, Wherein the alternating signal from 
the ?rst poWer source is connected to the one or more 

Windings in the main stator, the poWer source during 
the engine cranking mode further comprising a second 
poWer source connected to supply a second alternating 
current signal having a second set of characteristics 
different than the set of characteristics of the ?rst 
alternating signal, Wherein the alternating current sig 
nal from the second poWer source is connected to the 
one or more Windings in the auxiliary stator, a com 
bined effect of the alternating current signals from the 
?rst and second poWer sources con?gured to produce a 
torque in the main rotor of the machine, Wherein the 
torque being produced at the main rotor of the machine 
is mechanically coupled to a crankshaft of an internal 
combustion engine of the propulsion system to start the 
engine during the engine cranking mode. 

2. The propulsion system of claim 1 Wherein the poWer 
source When connected during the poWer generating mode to 
the one or more Windings in the auxiliary stator is a poWer 
source selected from the group consisting of a DC poWer 
source, and a variable frequency poWer source. 

3. The propulsion system of claim 1 Wherein the relatively 
large land-based vehicle comprises a locomotive. 

4. The propulsion system of claim 1 Wherein the relatively 
large land-based vehicle comprises an off-highway vehicle. 

5. The propulsion system of claim 1 Wherein the set of 
characteristics of the alternating current signal from the ?rst 
poWer source comprises a signal frequency that varies 
proportional to engine speed. 

6. The propulsion system of claim 1 Wherein the set of 
characteristics of the alternating current signal from the 
second poWer source comprises a signal having a magnitude 
and/or a frequency selected to obtain a desired level of 
current How in the one or more Windings in the auxiliary 
rotor. 

7. A relatively large land-based vehicle, comprising: 
a propulsion system comprising: 

an internal combustion engine; 
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a brushless dynamoelectric machine mechanically 
coupled to the internal combustion engine, the brush 
less dynamoelectric machine comprising a main 
alternator having a main rotor and a main stator, and 
an auxiliary alternator having an auxiliary rotor and 
an auxiliary stator, Wherein the main rotor and the 
auxiliary rotor are disposed on a shaft for joint 
rotation With the shaft, Wherein said dynamoelectric 
machine is operable in a poWer generating mode, and 
in an engine cranking mode; 

a poWer source connected to pass current to one or 

more Windings in the auxiliary stator to induce an 
alternating current How in one or more Windings in 
the auxiliary rotor; and 

a recti?er connected to receive the alternating current 
?oW from the one or more Windings in the auxiliary 
rotor, the recti?er further connected to supply a 
recti?ed current to one or more Windings in the main 
rotor to induce an alternating current How in one or 
more Windings in the main stator of the machine, 
Wherein the alternating current How in the one or 
more Windings in the main stator of the machine 
constitutes the current generated by said dynamo 
electric machine during the poWer generating mode, 

Wherein the poWer source during the engine cranking 
mode comprises a ?rst poWer source connected to 
supply a ?rst alternating current signal having a ?rst 
set of characteristics, Wherein the alternating signal 
from the ?rst poWer source is connected to the one or 
more Windings in the main stator, the poWer source 
during the engine cranking mode further comprising 
a second poWer source connected to supply an alter 
nating current signal having a second set of charac 
teristics different than the ?rst set of characteristics, 
Wherein the alternating current signal from the sec 
ond poWer source is connected to the one or more 

Windings in the auxiliary stator, a combined effect of 
the alternating current signals from the ?rst and 
second poWer sources con?gured to produce a torque 
in the main rotor of the machine, Wherein the torque 
being produced at the main rotor of the machine is 
mechanically coupled to a crankshaft of an internal 
combustion engine of the propulsion system to start 
the engine during the engine cranking mode. 

8. The vehicle of claim 7 Wherein the poWer source When 
connected during the poWer generating mode to the one or 
more Windings in the auxiliary stator is a poWer source 
selected from the group consisting of a DC poWer source, 
and a variable frequency poWer source. 

9. The vehicle of claim 7 Wherein the vehicle is selected 
from the group consisting of a locomotive and an off 
highWay vehicle. 

10. The vehicle of claim 7 Wherein the set of character 
istics of the alternating current signal from the ?rst poWer 
source comprises a signal frequency that varies proportional 
to engine speed. 

11. The vehicle of claim 7 Wherein the set of character 
istics of the alternating current signal from the second poWer 
source comprises a signal having a magnitude and/or a 
frequency selected to obtain a desired level of current How 
in the one or more Windings in the auxiliary rotor. 

12. A method for propelling a relatively large land-based 
vehicle, the method comprising: 
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operating a brushless dynamoelectric machine comprising 
a main alternator having a main rotor and a main stator, 
and an auxiliary alternator having an auxiliary rotor and 
an auxiliary stator, Wherein the main rotor and the 
auxiliary rotor are disposed on a shaft for joint rotation 
With the shaft, Wherein the operating of said dynamo 
electric machine comprises operating in a poWer gen 
erating mode, and in an engine cranking mode; 

connecting a poWer source to at least pass current to one 
or more Windings in the auxiliary stator to induce an 
alternating current How in one or more Windings in the 
auxiliary rotor; 

rectifying the alternating current ?oW from the one or 
more Windings in the auxiliary rotor to provide a 
recti?ed current; connecting the recti?ed current to one 
or more Windings in the main rotor to induce an 
alternating current How in one or more Windings in the 
main stator of the machine, Wherein the alternating 
current How in the one or more Windings in the main 
stator of the machine constitutes the current generated 
by said dynamoelectric machine during the poWer 
generating mode; 

during the engine cranking mode, connecting a ?rst poWer 
source to supply an alternating current signal having a 
?rst set of characteristics; 

connecting the alternating current signal from the ?rst 
poWer source to the one or more Windings in the main 

stator; 
during the engine cranking mode, connecting a second 
poWer source to supply an alternating current signal 
having a second set of characteristics different than the 
?rst set of characteristics, Wherein the ?rst and second 
poWer sources constitute the poWer source during the 
engine cranking mode; 

connecting the alternating current signal from the second 
poWer source to the one or more Windings in the 
auxiliary Winding; and 

mechanically coupling a torque, being produced at the 
main rotor of the machine in response to a combined 
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effect of the alternating current signals from the ?rst 
and second poWer sources, to a crankshaft of an internal 
combustion engine of the propulsion system to start the 
engine during the engine cranking mode. 

13. The propulsion system of claim 1 Wherein the ?rst 
poWer source comprises a ?rst inverter connected to provide 
an AC conversion to a DC input from an energy storage 
device to supply the ?rst alternating current signal having 
the ?rst set of characteristics. 

14. The propulsion system of claim 13 Wherein the second 
poWer source comprises a second inverter connected to 
provide an AC conversion to a DC input from the energy 
storage device to supply the second alternating current 
signal having the second set of characteristics. 

15. The vehicle of claim 7 Wherein the ?rst poWer source 
comprises a ?rst inverter connected to provide an AC 
conversion to a DC input from an energy storage device to 
supply the ?rst alternating current signal having the ?rst set 
of characteristics. 

16. The vehicle of claim 7 Wherein the second poWer 
source comprises a second inverter connected to provide an 
AC conversion to a DC input from an energy storage device 
to supply the second alternating current signal having the 
second set of characteristics. 

17. The method of claim 12 Wherein the step of connect 
ing the ?rst poWer source during the engine cranking mode 
comprises connecting a ?rst inverter to provide an AC 
conversion to a DC input from an energy storage device to 
supply the ?rst alternating current signal having the ?rst set 
of characteristics. 

18. The method of claim 17 Wherein the step of connect 
ing the second poWer source during the engine cranking 
mode comprises connecting a second inverter to provide an 
AC conversion to a DC input from the energy storage device 
to supply the second alternating current signal having the 
second set of characteristics. 


