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METHOD AND APPARATUS FOR PRODUCING
TRACTIVE EFFORT

BACKGROUND

The present invention relates generally to electric traction systems and more
specifically to the use of energy batteries and power batteries in combination for
producing tractive effort and for non-traction purposes. While this disclosure
emphasizes the use of electric traction systems in locomotives and oft-highway
vehicles, it will be obvious to one of ordinary skill in the art that the instant invention

is useful in other vehicular and non-vehicular applications as well.

In a wide variety of applications, electric traction systems include electric batteries to
improve system efficiency. These batteries are typically classified as either “energy
batteries” or “power batteries” depending on whether their designs are optimized for
energy density or power density, respectively. Some traction applications favor one
battery class over the other; other applications favor a combination of both energy and
power batteries. During motoring operation, the batteries are discharged through
electric motors to produce tractive effort. During braking operation, the motors are

operated as generators to re-charge the batteries.

In systems incorporating both energy and power batteries (dual battery systezms),
initial and supplemental charging of the energy batteries are typically achieved either
mechanically, by replacing parts of the battery, or electrically by coupling to the
power utility grid. An opportunity exists, to provide an alternative means of charging

energy batteries in dual battery systems.

In addition to providing power for the traction application, the traction system’s
electrical power production capability can be used for non-traction purposes.
Additional opportunities exist, therefore, to exploit the electrical power production

capability of electric traction systems for non-traction applications.
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SUMMARY

The opportunities described above are addressed, in one embodiment of the present
inventibn, by an apparatus for producing tractive effort, the apparatus comprising: an
energy source adapted for generatihg a high DC (direct current) voltage; a motor drive
adapted for generating a motor voltage from the high DC voltage; and a motor
adapted for producing the tractive effort from the motor voltage, the energy source
comprising: =a heat engine adapted for generating mechanical power by burning a fuel;
an alternator adapted for generating an alternating voltage from the mechanical
power; a rectifier adapted for rectifying the alternating voltage and producing a low
DC voltage; an energy battery adapted for storing and delivering energy derived from
the low DC voltage; and a traction boost converter adapted for boosting the low DC
voltage to produce the high DC voltage, the motor drive comprising: a power battery
adapted for storing energy and delivering power at the high DC voltage; and a traction
converter adapted for generating the motor voltage from the high DC voltage during
motoring operation and for generating the high DC voltage from the motor Voltagve

during braking operation.

The present invention is also embodied as a method comprising the acts of: generating
~a high DC voltage; generating a motor voltage from the high DC voltage; and :
producing the tractive effort from the motor voltage, the act of generating the high DC
voltage comprising: burning a fuel to generate mechanical power; generating an
alternating \?oltage from the mechanical power using an alternator; rectifying the
alternating voltage to produce a low DC voltage using a rectifier; storing and
delivering energy derived from the low DC voltage using an energy battery; and
boosting the low DC voltage to produce the high DC voltage, the act of generating a
motor voltage comprising: storing energy and delivering power at thﬁe high DC
voltage using a power battery; and generating the motor voltage from the high DC
voltage during motoring operation and generating the high DC voltage from the motor

voltage during braking operation.



CA 02545552 2006-05-11
WO 2005/053994 PCT/US2004/038666

DRAWINGS

These and other {features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

Figure 1 illustrates a block diagram of an apparatus for producing tractive etfort in

accordance with one embodiment of the present invention.

Figures 2-9 illustrate block diagrams of other embodiments in accordance with the

embodiment of Figure 1.

Figure 10 illustrates a block diagram of a locomotive in accordance with another

embodiment of the present invention.

Figure 11 illustrates a block diagram of an off-highway vehicle in accordance with

another embodiment of the present invention.
DETAILED DESCRIPTION

In accordance with one embodiment of the present invention, Figure 1 illustrates a
block diagram of an apparatus 100 for producing tractive effort. Apparatus 100
comprises an energy source 110, a motor drive 130, and a motor 150. In operd{ion,
energy source 110 generates a high DC voltage 120. Motor drive 130 generates a
motor voltage 140 from high DC voltage 120, and motor 150 produces tractive effort
from motor voltage 140. As used herein, motor 150 refers to any electrical apparatus
capable of producing mechanical power from electrical power including, without

limitation, single phase or multiple phase, AC (alternating current) or DC motors.

In the embodiment of Figure 1, energy source 110 comprises a heat engine 160, an
alternator 180, a rectifier 200, an energy battery 220, and a traction boost converter
230. In operation, heat engine 160 generates mechanical power 170 by burning a

fuel. Alternator 180 generates an alternating voltage 1 90 from mechanical power 170.
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Rectifier 200 then rectifies alternating voltage 190 to produce a low DC voltage 210.
Energy battery 220 stores and delivers energy derived from low DC voltage 210, and
traction boost converter 230 boosts low DC voltage 210 to produce high DC voltage
120. As used herein in reference to DC voltages, “low” and “high” are relative terms

only and imply no particular absolute voltage levels.

Motor drive 130 comprises a power battery 240 and a'traction converter 250. In.
operation, power battery 240 stores energy and delivers power at high DC voltage
120. Traction converter 250 generates motor voltage 140 from high DC voltage 120
during motoring operation and generates high DC voltage 120 from motor voltage

140 during braking operation.

In a more detailed embodiment in accordance with the embodiment of Figure 1, a
ratio of the energy storage capacity of motor drive 130 to the power delivered by

energy source 110 at high DC voltage 120 is between about 0.001 hours and about 60

hours.

In another more detailed embodiment in accordance with the embodiment of Figure 1,
a ratio of the energy storage capacity of motor drive 130 to the power delivered by

energy source 110 at high DC voltage 120 is between about 0.5 hours and about 20

hours.

In accordance with another embodiment of the present invention, Figure 2 illustrates a
block diagrafn wherein apparatus 100 further comprises a cranking inverter 260. In
operation, cranking inverter 260 generates a cranking voltage 265 from low DC
voltage 210 during cranking operation of alternator 180. “Cranking operation” refers
to the practice of using alternator 180 as a motor to apply torque for starting heat

engine 160.

In a more detailed embodiment in accordance with the embodiment of Figure 2,
cranking inverter 260 is bi-directional and further comprises a charging boost
converter 270. In operation, charging boost converter 270 boosts alternating voltage

190 to a higher voltage more suitable for charging energy battery 220.

-4 -
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In accordance with another embodiment of the present invention, Figure 3 illustrates a
block diagram wherein apparatus 100 further comprises a utility converter 280. In
| operation, utility converter 280 serves as an emergency genefator converting low DC
voltage 210 to a utility voltage 290 suitable for coupling to a utility grid 300. In s';)rne
embodiments, converter 280 is a bi-directional device selectively allowing charging

of energy battery 220 directly from utility grid 300.

In an alternative embodiment, shown in Figure 4, utility converter 280 is fed from
high DC voltage 120 instead of from low DC voltage 210. In some embodiments,
converter 280 is a bi-directional device selectively allowing charging of power battery

240 directly from utility grid 300.

In accordance with another embodiment of the present invention, Figure 5 illustrates a
block diagram wherein apparatus 100 further comprises’ a cranking inverter 260 and a
transfer switch 310. In operation, cranking inverter 260 selectively generates a
cranking voltage 265 or a utility voltage 290 from low DC voltage 210. Transter
switch 310 selectively couples cranking voltage 265 to alternator 180 or utility
voltage 290 to utility grid 300. |

In a more detailed embodiment in accordance with the embodiment of Figure 5,
cranking inverter 260 is bi-directional and comprises a charging boost converter 270.
In operation, charging boost converter 270 boosts alternating voltage 190 to a hi=ghér
voltage more suitable for charging energy battery 220. In an alternative embodiment,
shown in Figure 6, cranking inverter 260 is fed from high DC voltage 120 instead of
from low DC voltage 210 and may be used to charge power battery 240.

In another embodiment in accordance with the embodiment of Figure 1, Figure 7
| illustrates a block diagram wherein energy source 110 further comprises an
ultracapacitor bank 320. In operation, ultracapacitor bank 320 stores and delivers
electrical energy. In this embodiment, traction boost converter 230 performs the
additional function of controlling energy flows among rectifier 200, energy battery

220, and ultracapacitor bank 320.
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In another embodiment in accordance with Figure 7, energy source 110 turther
comprises a unidirectional coupler 330. In operation, unidirectional coupler 330
conducts current from energy battery 220 to ultracapacitor bank 320 when the voltage

of ultracapacitor barnk 320 is lower than the voltage of energy battery 220.

In another embodiment in accordance with Figure 1, Figure 8 illustrates a block
diagram wherein motor drive 130 further comprises a power ultracapacitor 340. In
operation, power ultracapacitor 340 stores and delivers energy derived from high DC

voltage 120.

In another more detailed embodiment in accordance with the embodiment of Figurel,

motor voltage 140 is a DC voltage and motor 150 comprises a DC motor.

In another more detailed embodiment in accordance with the embodiment of Figure 1,
Figure 9 illustrates a block diagram wherein alternator 180 and rectifier 200 are
further adapted for supplying power to auxiliary loads 350 and thus serve as an

auxiliary power unit.

In accordance with another embodiment of the present invention, Figuré 10 illustrates
a block diagram of a locomotive 400. In addition to the components of apparatus 100, |
~ locomotive 400 comprises a wheel 420. In this embodiment, motor 150 produces a
motor torque 410 from motor voltage 140. Wheel 420 produces tractive effort 430
from motor torque 410 and applies tractive effort 430 to a rail 440.

In accordance with another embodiment of the present invention, Figure 11 illustrates
a block diagram of an off-highway vehicle 500. In addition to the components of
locomotive 400, off-highway vehicle 500 comprises a tire 520. In this embodiment,
wheel 420 produces a wheel torque 510 from motor torque 410. Tire 520 produces
tractive effort 430 from wheel torque 510 and applies tractive effort 430 to an oft-
highway surface 540.

While only .certain features of the invention have been illustrated and described

herein, many modifications and changes will occur to those skilled in the art. It 1s,
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therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirt of the invention.
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WHAT IS CLAIMED IS:

1. An apparatus for producing tractive effort, said apparatus
comprising:

an energy source adapted for generating a high DC voltage;

a motor drive adapted for generating a motor voltage from said high DC
voltage; and

a motor adapted for producing said tractive effort from said motor voltage,

sald energy source comprising:

a heat engine adapted for generating mechanical power by burning a fuel;

an alternator adapted for generating an alternating voltage from said
mechanical power;

a rectifier adapted for rectifying said alternating voltage and producing a
low DC voltage;

an energy battery adapted for storing and delivering energy derived from
said low DC voltage; and

a traction boost converter adapted for boosting said low DC voltage to
produce said high DC voltage,

sald motor drive comprising:

a power battery adapted for storing energy and delivering power at said
high DC voltage; and

a traction converter adapted for generating said motor voltage from said
high DC voltage during motoring operation and for generating said high DC voltage
from said motor voltage during braking operation;

wherein a ratio of the energy storage capacity of said motor drive to the

power delivered by said energy source at said high DC voltage 1s between 0.001 hours

and 60 hours.

2. The apparatus of claim 1 wherein a ratio of the energy storage

capacity of said motor drive to the power delivered by said energy source at said high

DC voltage is between 0.5 hours and 20 hours.
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3. The apparatus of claim 1 further comprising a cranking inverter

adapted for generating a cranking voltage from said low DC voltage during cranking

operation of said alternator.

4, The apparatus of claim 3 wherein said cranking inverter is bi-
directional and further comprises a charging boost converter adapted for boosting said

alternating voltage.

. The apparatus of claim 1 further comprising a utility converter

adapted for converting said low DC voltage to a utility voltage.

0. The apparatus of claim 5 wherein said utility converter 1s further

adapted for selectively converting said utility voltage to said low DC voltage.

7. The apparatus of claim 1 further comprising a utility converter

adapted for converting said high DC voltage to a utility voltage.

8. The apparatus of claim 7 wherein said utility converter 1s further

adapted for selectively converting said utility voltage to said high DC voltage.

9. The apparatus of claim 1 further comprising:
a cranking inverter adapted for selectively generating a cranking voltage or
a utility voltage from said low DC voltage; and

a transfer switch adapted for selectively coupling said cranking voltage to

said alternator or said utility voltage to a utility grid.

10.  The apparatus of claim 9 wherein said cranking inverter is bi-

directional and further comprises a charging boost converter adapted for boosting said

alternating voltage.

11.  The apparatus of claim 1 further comprising:
a cranking inverter adapted for selectively generating a cranking voltage or

a utility voltage from said high DC voltage; and

a transfer switch adapted for selectively coupling said cranking voltage to

said alternator or said utility voltage to a utility grid.

-9
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12.  The apparatus of claim 1 wherein said energy source further
comprises an ultracapacitor bank adapted for storing and delivering electrical energy,
said traction boost converter being further adapted for controlling energy tlows among

said rectifier, said energy battery, and said ultracapacitor bank.

13.  The apparatus of claim 12 further comprising a unidirectional

coupler adapted for conducting current from said energy battery to said ultracapacitor

bank.

14.  The apparatus of claim 1 wherein said motor drive further comprises
a power ultracapacitor adapted for storing and delivering energy derived from said

high DC voltage.

15.  The apparatus of claim 1 wherein said motor voltage 1s a DC

voltage.

16.  The apparatus of claim 1 wherein said alternator and said rectifier

are further adapted for supplying power to auxiliary loads.

17. A method for producing tractive effort, said method comprising:
generating a high DC voltage;

generating a motor voltage from said high DC voltage; and

producing said tractive effort from said motor voltage,

said act of generating said high DC voltage comprising:

burning a fuel to generate mechanical power;

generating an alternating voltage from said mechanical power using an

alternator:

rectifying said alternating voltage to produce a low DC voltage using a

rectifier;

storing and delivering energy derived from said low DC voltage using an

energy battery; and
boosting said low DC voltage to produce said high DC voltage,

said act of generating a motor voltage comprising:

- 10 -
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storing energy and delivering power at said high DC voltage using a power
battery; and

generating said motor voltage from said high DC voltage during motoring
operation and generating said high DC voltage from said motor voltage during
braking operation;

wherein a ratio of the energy storage capacity of said motor drive to the

power delivered by said act of generating said high DC voltage i1s between 0.001

hours and 60 hours.

18.  The method of claim 17 wherein a ratio of the energy storage
capacity of said motor drive to the power delivered by said act of generating said high

DC voltage 1s between 0.5 hours and 20 hours.

19.  The method of claim 17 further comprising generating a cranking

voltage from said low DC voltage during cranking operation of said alternator.

20.  The method of claim 19 wherein said act of generating a cranking

voltage further comprises boosting said alternating voltage.

21.  The method of claim 17 further comprising converting said low DC

voltage to a utility voltage.

22.  The method of claim 21 further comprising selectively converting

said utility voltage to said low DC voltage.

23.  The method of claim 17 further comprising converting said high DC

voltage to a utility voltage.

24.  The method of claim 23 further comprising selectively converting

said utility voltage to said high DC voltage.

25.  The method of claim 17 further comprising:

selectively generating a cranking voltage or a utility voltage from said low

DC voltage; and

selectively coupling said cranking voltage to said alternator or said utility

voltage to a utility grid.
211 -
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26.  The method of claim 25 wherein said act of selectively generating a
cranking voltage or a utility voltage further comprises boosting said alternating

voltage.

27.  The method of claim 17 further comprising:

selectively generating a cranking voltage or a utility voltage from said high

DC voltage; and
selectively coupling said cranking voltage to said alternator or said utility

voltage to a utility grid.

28.  The method of claim 17 wherein said act of generating a high DC
voltage further comprises:

storing and delivering electrical energy derived from said low DC voltage

using an ultracapacitor bank; and
controlling energy flows among said rectifier, said energy battery, and said

ultracapacitor bank.

29.  The method of claim 28 further comprising conducting current

unidirectionally from said energy battery to said ultracapacitor bank.

30. The method of claim 17 wherein said act of producing said tractive
effort from said motor voltage further comprises storing and delivering energy derived

from said high DC voltage using a power ultracapacitor.
31.  The method of claim 17 wherein said motor voltage 1s a DC voltage.

32.  The method of claim 17 wherein said act of generating said high DC

voltage further comprises supplying power to auxiliary loads.

33.  An apparatus, comprising:

a first battery electrically coupled to an AC/DC rectitier and that 1s capable
of receiving, storing, or receiving and storing a first direct current at a first voltage;

a boost converter electrically coupled to the first battery and that 1s capable

of boosting the first voltage to a second voltage that is a relatively higher voltage than

the first voltage; and

_12 -
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a second battery electrically coupled to the boost converter, and that is
capable of receiving, storing, or receiving and storing the second voltage; and
further comprising an electric utility grid converter coupled to the first

battery and that i1s capable of charging at least one of the first battery or the second

battery from an electric utility grid.

34.  The apparatus as defined in claim 33, wherein the first battery has a

higher energy density than the second battery.

35.  The apparatus as defined in claim 33, wherein the first direct current

voltage 1s high voltage.

36. The apparatus as defined in claim 33, wherein the first mode of

operation is a motoring operation.

37.  The apparatus as defined in claim 33, wherein the second mode of

operation 1s a dynamic braking operation.

38.  An apparatus, comprising:

a first battery electrically coupled to an AC/DC rectifier and that i1s capable
of receiving, storing, or receiving and storing a first direct current at a first voltage;

a boost converter electrically coupled to the first battery and that 1s capable
of boosting the first voltage to a second voltage that 1s a relatively higher voltage than
the first voltage; and

a second battery electrically coupled to the boost converter, and that 1s
capable of receiving, storing, or recetving and storing the second voltage; and

further comprising an electric utility voltage converter coupled to the first

battery and that is capable of supplying electricity.

39. An apparatus for producing tractive effort, said apparatus
comprising:

an energy source adapted for generating a high DC voltage;

a motor drive adapted for generating a motor voltage from said high DC
voltage; and

a motor adapted for producing said tractive effort from said motor voltage,

- 13 -
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sald energy source comprising:
a heat engine adapted for generating mechanical power by burning a fuel;
an alternator adapted for generating an alternating voltage from said

mechanical power;

a rectifier adapted for rectifying said alternating voltage and producing a

low DC voltage;

an energy battery adapted for storing and delivering energy derived from
said low DC voltage; and

a traction boost converter adapted for boosting said low DC voltage to
produce said high DC voltage, said motor drive comprising:

a power battery adapted for storing energy and delivering power at said
high DC voltage; and

a traction converter adapted for generating said motor voltage from said
high DC voltage during motoring operation and for generating said high DC voltage
from said motor voltage during braking operation; said apparatus turther comprising:

a utility converter adapted for converting said low DC voltage or said high

DC voltage to a utility voltage.

40.  The apparatus of claim 39 wherein a ratio of the energy storage
capacity of said motor drive to the power delivered by said energy source at said high

DC voltage is between about 0.001 hours and about 60 hours.

41.  The apparatus of claim 39 wherein a ratio of the energy storage
capacity of said motor drive to the power delivered by said energy source at said high

DC voltage is between about 0.5 hours and about 20 hours.

42.  The apparatus of claim 39 further comprising a cranking inverter
adapted for generating a cranking voltage from said low DC voltage during cranking

operation of said alternator.

43.  The apparatus of claim 42 wherein said cranking inverter 1s bi-
directional and further comprises a charging boost converter adapted for boosting said

alternating voltage.
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44.  The apparatus of claim 39 wherein said utility converter i1s further

adapted for selectively converting said utility voltage to said low DC voltage.

45.  The apparatus of claim 39 wherein said utility converter i1s further

adapted for selectively converting said utility voltage to said high DC voltage.

46.  The apparatus of claim 39 further comprising:

a cranking inverter adapted for selectively generating a cranking voltage or
a utility voltage from said low DC voltage; and

a transfer switch adapted for selectively coupling said cranking voltage to

said alternator or said utility voltage to a utility grid.

47.  The apparatus of claim 46 wherein said cranking inverter is bi-
directional and further comprises a charging boost converter adapted for boosting said

alternating voltage.

48.  The apparatus of claim 39 further comprising:

a cranking inverter adapted for selectively generating a cranking voltage or
a utility voltage from said high DC voltage; and

a transfer switch adapted for selectively coupling said cranking voltage to

said alternator or said utility voltage to a utility grid.

49.  The apparatus of claim 39 wherein said energy source further
comprises an ultracapacitor bank adapted for storing and delivering electrical energy,
said traction boost converter being further adapted for controlling energy flows among

said rectifier, said energy battery, and said ultracapacitor bank.

50. The apparatus of claim 49 further comprising a unidirectional

coupler adapted for conducting current from said energy battery to said ultracapacitor

bank.

51. The apparatus of claim 39 wherein said motor drive further
comprises a power ultracapacitor adapted for storing and delivering energy derived

from said high DC voltage.
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52.  The apparatus of claim 39 wherein said motor voltage is a DC

voltage.

53.  The apparatus of claim 39 wherein said alternator and said rectifier

are further adapted for supplying power to auxiliary loads.

54. A method tor producing tractive effort, said method comprising:

generating a high DC voltage;

generating a motor voltage from said high DC voltage; and producing said
tractive effort from said motor voltage,

said act of generating said high DC voltage comprising:

burning a fuel to generate mechanical power;

generating an alternating voltage from said mechanical power using an
alternator:;

rectifying said alternating voltage to produce a low DC voltage using a
rectifier;

storing and delivering energy derived from said low DC voltage using an
energy battery; and

boosting said low DC voltage to produce said high DC voltage, said act of
generating a motor voltage comprising:

storing energy and delivering power at said high DC voltage using a power
battery;

generating said motor voltage from said high DC voltage during motoring
operation and generating said high DC voltage from said motor voltage during
braking operation; and

converting said low DC voltage or said high DC voltage to a utility voltage.

-16 -



CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

T NS S Ry fesitostely  pEpppe——  WVWSPIUED RN SENEERENED  ARE—
e S

0€1- OALIP 1010|\

SRR IRETTRRTTED  IINNNTNEEED DTNy ERERRERAEY bl ey UVYVVVED 0 US40 O NEERERER $Z Messsssssh $ 0O wmmppmsepel SUPVEFEPES $ 0O AVUEEEEEES $0 AN $ Wekiekhdd  ERkhidbendel

062 ore

_——_——_—ﬂﬂ_“ﬁ

Alaneq
1OMOJ

18149AU0D
uoijoes |

0sC
191I9AUQD

1S00Q
uoiloel |

ey @ Sassaasd Gebssssd Usiabaeed® ARG Svmmmvel PHAMNEE 0 ) $ Taafeah) $ AR A A A T T S AT $ 0 ey ATV A sheesessigy e e st dbeesssssssb 00 Gddesniibied S

0cc
Aloyieq

Abiau3

081
l01eUl8l|Y

091
auibus

1BOH

..le.m... 92.1n0s ABlsu3

0L}

“____““____—



CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

2/11

ovi

— e— i —— i — EE—

[ T

0EL SALIP 1010\

052 0z
18118AU0D Alalieq
uoioed | 19MO(
0cl

~A— J— T N Ssm_m—  N——— — bl ub— T AR Plub— SEp———— —

0cc
J9BAUOD

1S00(
uoiloel |

0Lc
19119AUO0D

1S00(
Bunjue.ln

— - 00¢
occ
e
Abisug -

09¢c
18118AU| -

punjue.tn

061

081
loleulal|y

G9¢

aulbus

ii!lllllili!l

0Ll 221no0s Abiau

091

1RO H

]

=

0L}

00

L

el $ 2 Bl $ $ GEEEEY $ GErAEYE 2 AenlaadRER 0 S $ WIS 0 AN 0 Ty e Aesesiefesdh @bl



CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

3/11

— = ————— —— = T - - - - = —= T Riall al
0L SALIP I010N 0L] 92In0S >9mcm__ _
002 ,_ __
- 061 aR
> 57 0ec — ﬂ — [}
1174 ove 022 FYYs 091 |
19usAu0d | | Aenieq R Alsneq 1€ 10 %M_w subus " |
uoiloel | 18MOd 15004 ABisu3 : Y 1R9H |
. uoijoeld | N " _

0L “

08z

18148AUQD
AN

00€
p1ib
Alnn

€ o1



CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

4/11

orl

0sc ovec
189119AU0D Alsileq
uoijoel 19MO04

!illllill‘lillliill‘l‘;i

AIEEEEEES $ ANy $ chhmsseedly AVEPRRTES kel AU p————

|
002 _
06} |
0€EC 091 |
18148AUO0D | 08l auIBUS |
150049 lioreuiByY . | |
- jeo |||
uonoelt| -
L
0LL " "
| |
IIIIIIIIIIIIIIIIIIIIIIIIIIIII g
e e o e e — — _ |

082 | 00€
18119AUO0D pLIb
AuN AUIBN

001 snieleddy




CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

5/11

mbuniiely SRS e CEE g mmnbuniilly P T ASErEreEy $ungesieild AeeE——yy e epepemnnd AT Srurr—_ R g el — A e APepe——— —— pepmmmmnind AERablNY A i 3 APY— ———a——

0Ll mo..:0m1>9mcm_

_ |
| | :
| | 002 “ _
| | 06} | “
| | — = - ||
0sc 0cc 091

| | 19118AU0D T 1 081 | |
_ | 48HeAU0D Al1o11eq 15009 Alenieq 1T lioteuwssiyy aulbus ¥
| | cozom\_._.l_ ool | >m._ocm. 1e8H || __
| | . . _
__ v} __ h 0Lt “ |
, | 042 |
| L N N 1 B iR
L o e — _ —_

| G9¢ |

_ f

0Lz — 0LE

| 19119AU0D 09¢ UJLMS

| 1S00q W_mtmé_ - |i9jsuedy

| Bupueln HPUELD

|

|

| 062

|

L R B I T I B B T B I I I e R SR B S I




CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

6/11

|
| |
| | 3
| _ 002 3
| | | |
| | . 06} | |
| | n Py 0¢c = —— |||
1274 ove occ . 091
" _ 18118AU0D Alsneq 191ISALOD Asoneq B _Osi oulbua !
| uoiloed lamod 15004 AB || liojeuteyy | ) |
" " 1106 | _ LUonoe.| lau3 — 1eoH K "
) |
om0 L] :
0L}
| | N | |
_ _ 0z} _
| L - - J
- n
_
|
_ 72 oiE
_ )44 ——
| 18118AU0D 09¢ UO1IMS
| ‘ 1S00( 191N lajsued|
| Bupuesn BUPRID
| _
| _
| 062
_ —_—
3 o 00L shieleddy

01 8ALIP 1010\

lllll!li!ll]lli!llllE




CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

7/11

0LL 821nos AB.isu

Océ

Occ
Alaneg
Abliauj

|

|

|

|

|

_ jyueq

: 07 loynoeded
| 19119AUO0D -2l

| 1S00( ]

| uoioes

|

"

| | 0€E
|

| I e

101ewIBYY|

aulbus
1B9H

0L}

51

S VI $2$Vepesspgsy $2$eeesssssd 0 beesdaiWERE 0O WU 020 PepPSpEEny 0 Aemmmmmmmy 0 O pesssss—— 0 desdesssdy 0 peessiesbis O eessssm——n 0 SelEERASE 0 Aemmmm—— O APVEEE 0 YUYy es—

L



CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

8/11

ovi

AR | RN Seniieedd  EEREERkd  pebcieiessd ABERERAE NN il SRR el el

_|9m.h SALIP 1010N

|
|
|
|
|
|
|
|
|

Nz

052 oz
18118AU0D f ._omm_mﬂmo Alaneq
| | uonoeuy H 19MOd
. 19Mod

L

r___“

‘Ililll!ii![lllll




CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

9/11

oz S

0&c

05 022

18118AUO0D ShEo Aser1eq
SO0
¥S004 Aleijxny Ablsu]
uoiloes | 1

14

R

0Ll

00¢
06}

081

l01eulal|y

| XA

091
aulbus

1e8H

011



CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

Semsbennll  Aeviessniiald  pessssswivsd evswivesssww Swbessesssw Ywwmmwwwbienlt | AuleliiciBid 0 Shsssssd$ Nwivhbeenld € pumsssssenldl$ O smmmmmmmmwnl 4 GRS GPUYWPEENY O WPV 0 UMD $ 32 Anbedesiesielk $ SABesdield

| 0L SALIP \_ouom/_.. - J_ “| iiiiiiii | Qh..m.. mogjowﬂmﬁmﬂm _

| L. || ] - 007 |

| | |

| | ] | ﬂ 061 |

| —= Py | 1[2A |
174 ovc 022 —_—

_ 18118AU0D Aisiieq I Alayeq 0 061 aulbus |

| 1S000 loleulal|y |

| uonoeuy 1oMod | | | oioey ABiau3 | | 1eoH | |

| | |

] R

b |

L |

_ |

il jesssssssssy —— ssssssiessds 0 GniecbAEES 1 AENVTVIITRRR  emmmmm—  p— et kielERRN W

||.N|L 0.1
04T o

|
|
|
|
|
_
|
|
|
|
|
|
|
|

00F ©AI10UI0007




CA 02545552 2006-05-11

PCT/US2004/038666

WO 2005/053994

11/11

orsg
a0eLINS

Aemybiy-10

1]!IIIiillllIi]II!]lI.

OEL oAUpIOlON |
| . |
| |
| |
| oez oz | |
B 18118AU0D Alalleq _
| | uonoes] lamod |
| o
| ] |
| N |
_ | 0c} |
_ - . |

<
e — g g— r— AP p—p————— ' S A EE— A— T T e —— j
]

0EC —

18118AUO0D | Oce
1500 Alaneq
uonoes| AbJaug

S ——— A A e PR SPPSE A bbbk Ap— Ampp————— A I— L S —— — — S P —a— P— A— e -

L b
 — Pt PP S A B —— febp— N S N  ——— Sb— —— E—_— N A N L A— A AT — ikl il e A O Es =N —




_________________________ 1 F——————————-
210 2 | 120 ?\
|
170 | 140
‘ Traction |
Heat _ Energy actio Power Traction
. Alternator boost |
engine 20 »l battery convertar battery converter
160 — 220 | 240 250
—_ @ e ———
190 5
200
Energy source 770 Motor drive -730




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

