
US007911079B2 

(12) Unlted States Patent (10) Patent No.: US 7,911,079 B2 
Hoff et al. (45) Date of Patent: Mar. 22, 2011 

(54) ELECTRICAL SYSTEM ARCHITECTURE 6,795,756 B1 9/2004 Zhang et a1. 
HAVING HIGH VOLTAGE BUS 7,119,454 B1 10/2006 Chiao 

2005/0271916 A1* 12/2005 Yang et a1. .................... .. 429/20 
. . 2006/0222910 A1* 10/2006 A0 a i et a1. ................ .. 429/12 

(75) Inventors: Brlan Douglas Hoff, East Peor1a, IL 2007/0080008 A1 4/2007 chzlog 
(Us); slvaprasad Akasam, Peorla, IL 2007/0103002 A1 5/2007 Chiao et al. 
(US) 2007/0273209 A1* 11/2007 Endou ........................... .. 307/45 

(73) Assignee: Caterpillar Inc, Peoria, IL (U S) FOREIGN PATENT DOCUMENTS 
GB 2 418 032 A 3/2006 

( * ) Notice: Subject to any disclaimer, the term of this * Cited by examiner 
patent is extended or adjusted under 35 
U-S-C- 154(1)) by 593 days- Primary Examiner * Jared J Fureman 

21 A 1 N _ 11/882 248 Assistant Examiner * Dru M Parries 
( ) pp ' O" ’ (74) Attorney, Agent, or Firm * Finnegan, Henderson, 

(22) Filed. Jul 31 2007 FaraboW, Garrett & Dunner LLC 
. . , 

(65) Prior Publication Data (57) ABSTRACT 

Us 2009/0033148 A1 Feb 5 2009 An electrical system architecture is disclosed. The architec 
’ ture has a poWer source con?gured to generate a ?rst poWer, 

(51) In‘; C]_ and a ?rst bus con?gured to receive the ?rst poWer from the 
B60L 1/00 (200601) poWer source. The architecture also has a converter con?g 

52 us. Cl. .................................................... .. 307/10.1 ured to receive the ?rst ower from the ?rst bus and convert ( ) P 
(58) Field of Classi?cation Search ................ .. 307/101 the ?rst Power to a Second Power, wherein a voltage Of the 

See application ?le for Complete Search history second poWer is greater than a voltage of the ?rst poWer, and 
a second bus con?gured to receive the second poWer from the 

(56) References Cited converter. The architecture further has a poWer storage device 

U.S. PATENT DOCUMENTS 
con?gured to receive the second poWer from the second bus 
and deliver the second poWer to the second bus, a propulsion 

5,398,506 A 3/1995 Martin motor con?gured to receive the second poWer from the sec 

? Q1 1 gtgcufzteifl' ond b(111s, and afn accissory mdotgir con?gured to receive the 
6,321,145 B1 * 11/2001 Rajashekara ................. .. 701/22 Sewn POW?r mm‘ 6 Sewn us~ 

6,771,045 B1 8/2004 Keller 
6,792,341 B2 9/2004 Hunt et a1. 18 Claims, 3 Drawing Sheets 

VMOEQIIJGME ACCESSORY 16 
LOAD MCQEOR 
Q _ 

INVERTER 
20 E 

POWER’IEOURCE (J DC/Dc I PROPULSION 
— CONVERTER INVERTER MOTOR 

2 (J a a 
26 

DC/DC 
CONVERTER 

3_4 
HIGH VOLTAGE 
POWER STORAGE 

LOW DEVICE 
VOLTAGE 136 Q 
LOAD 
Q 

LOW VOLTAGE 
POWER STORAGE 

DEVICE 
Q 



US. Patent Mar. 22, 2011 Sheet 1 013 US 7,911,079 B2 

F .GE 

mm @ 
NF 



US. Patent Mar. 22, 2011 Sheet 2 013 US 7,911,079 B2 

N .GE 

qw. MOhOE 205.5101“; 

wjk 
m mmPmmSZOO OQOO 

% 1052 >mowwmoo< 

wlF 

L mOmDOw mw>>On_ 





US 7,911,079 B2 
1 

ELECTRICAL SYSTEM ARCHITECTURE 
HAVING HIGH VOLTAGE BUS 

This invention Was made With Government support under 
DOE Contract No. DE-FC36-01G011095 awarded by the 
US. Department of Energy. Accordingly, the Government 
may have certain rights to this invention. 

TECHNICAL FIELD 

The present disclosure is directed to an electrical system 
architecture and, more particularly, to an electrical system 
architecture having a high voltage bus. 

BACKGROUND 

Internal combustion engines such as gasoline engines, die 
sel engines, and gaseous fuel-poWered engines exhaust a 
complex mixture of air pollutants. In an effort to reduce the 
potential negative effects of these pollutants on the environ 
ment, exhaust emission standards for these engine systems 
have become more stringent. In fact, many industrialiZed 
countries impose environmental regulations that limit the 
amount of pollutants emitted to the atmosphere from an 
engine, depending on the type, siZe, and/or class of engine. 

In an effort to reduce gaseous emissions, an emphasis has 
been placed on using electrical poWer to operate various 
components associated With a vehicle. Hybrid vehicles have 
been developed, for example, that rely on a combination of 
electrical energy and energy produced by a poWer source (eg 
an internal combustion engine or a fuel cell) to poWer certain 
electrical accessories such as, for example, traction motors 
for maneuvering the hybrid vehicle. Another example of such 
an electrical accessory includes a hydraulic motor for use 
With heavy duty equipment such as, for example, an imple 
ment. Further, hybrid vehicles typically include one or more 
poWer storage devices (e. g. batteries) to receive and store 
excess electrical poWer from the poWer source and/ or electri 
cal poWer from regenerative dynamic braking of traction 
motors. 

With the inclusion of poWer storage devices as alternate 
sources of electrical poWer, neW electrical system architec 
tures are being developed to make use of the poWer storage 
devices to increase the convenience, fuel economy, and safety 
of hybrid vehicles. For example, poWer storage devices may 
be con?gured to poWer the traction motors and/or electrical 
accessories for a limited period of time Without requiring use 
of the poWer source. Thus, these architectures may reduce or 
eliminate fuel costs and emissions associated With the use of 
the poWer source during the limited period of time. Further, 
because start-up of a poWer source can take a relatively long 
period of time (eg ?ve minutes for some heavy-duty hybrid 
vehicles), these architectures increase vehicle productivity by 
poWering systems of the vehicle during the start-up period, 
thereby reducing equipment doWntime during start-up. 
One example of a system that provides poWer to accesso 

ries in a hybrid vehicle Without requiring start-up of a main 
poWer unit is disclosed in U. S. Patent Application Publication 
2007/0103002 (“the ’002 publication”) by Chiao et al. Spe 
ci?cally, the ’002 publication discloses a heavy-duty hybrid 
vehicle poWer system including a main poWer unit, a poWer 
source (e. g. batteries, ultracapacitor packs, and/ or ?ywheels), 
an electric propulsion motor, an electric accessory motor, and 
a DC-DC converter to step high voltage DC poWer doWn to a 
level required by loW voltage accessories. The main poWer 
unit provides more than 42 volts of poWer to a DC poWer bus 
and is con?gured to provide poWer to the poWer source, the 
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2 
electric propulsion motor (via a ?rst inverter), and the electric 
accessory motor (via a second inverter). The poWer source 
stores poWer from the main poWer unit as Well as poWer 
generated from dynamic electromagnetic braking regenera 
tion. The ?rst inverter converts DC poWer from the DC poWer 
bus to AC poWer, Which drives the electric propulsion motor 
to propel the heavy-duty hybrid vehicle. Similarly, the second 
inverter converts DC poWer from the DC poWer bus to AC 
poWer, Which drives the electric accessory motor. The electric 
accessory motor poWers a belt drive assembly, Which drives 
one or more vehicle accessories. When the main poWer unit is 
shut doWn, the poWer source supplies DC poWer to the ?rst 
inverter and the second inverter, thereby providing poWer to 
the electric propulsion motor and the electric accessory 
motor. 

While the system of the ’002 publication may provide 
poWer to an electric propulsion motor and an electric acces 
sory motor Without operating a main poWer unit, it may be 
in?exible. Inparticular, because the electric propulsion motor 
and the electric accessory motor are connected to the same 
DC poWer bus as the main poWer unit, the DC voltage deliv 
ered to the main bus is limited to the voltage output of the 
main poWer unit. As a result, changing the voltage output of 
the main poWer unit may necessitate changing the propulsion 
motor and accessory motor to comply With the voltage output 
of the main poWer unit. 

Further, because the propulsion motor and the accessory 
motor are each limited to the voltage output of the main poWer 
unit, options for changing the propulsion motor and/or the 
accessory motor may be unnecessarily limited. For example, 
upgrading to smaller, lighter, more ef?cient high voltage 
motors may require a user of the hybrid vehicle to also 
upgrade the main poWer unit to provide the necessary output 
voltage. Thus, such an upgrade may be expensive. 
The system of the ’002 publication may further be ine?i 

cient because the poWer source may be connected to the same 
DC poWer bus as the DC-DC converter. That is, When the 
poWer source provides poWer to the accessories via the DC 
DC converter, a portion of the poWer from the poWer source 
may be lost by the DC-DC converter, thus discharging the 
poWer source at an undesirably high rate. More speci?cally, 
the DC-DC converter may introduce poWer losses into the 
system When converting the DC poWer from the poWer 
source. As a result, the poWer source may discharge faster 
than if it Were connected to poWer the accessories directly at 
a voltage appropriate for the accessories. 
The disclosed electrical system architecture is directed to 

overcoming one or more of the problems set forth above. 

SUMMARY OF THE INVENTION 

One aspect of the present disclosure is directed to an elec 
trical system architecture for a machine. The electrical system 
architecture includes a poWer source con?gured to generate 
DC poWer at a ?rst voltage, and a ?rst DC bus con?gured to 
receive DC poWer at the ?rst voltage from the poWer source. 
The electrical system architecture also includes a DC/DC 
converter con?gured to receive DC poWer at the ?rst voltage 
from the ?rst DC bus and con?gured to convert DC poWer at 
the ?rst voltage to DC poWer at a second voltage, Wherein the 
second voltage is greater than the ?rst voltage. The electrical 
system architecture further includes a second DC bus con?g 
ured to receive DC poWer at the second voltage from the 
DC/DC converter, and a high voltage poWer storage device 
con?gured to receive DC poWer at the second voltage from 
the second DC bus and deliver DC poWer at the second 
voltage to the second DC bus. The electrical system architec 
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ture still further includes a propulsion motor con?gured to 
receive DC poWer at the second voltage from the second DC 
bus, and an accessory motor con?gured to receive DC poWer 
at the second voltage from the second DC bus. 

Another aspect of the present disclosure is directed to a 
method. The method includes generating a ?rst DC poWer, 
and converting at least a portion of the ?rst DC poWer to a 
second DC poWer, Wherein a voltage of the second DC poWer 
is greater than a voltage of the ?rst DC poWer. The method 
also includes storing at least a portion of the second DC 
poWer. The method further includes driving a propulsion 
motor With at least one of the converted second DC poWer and 
the stored second DC poWer, and driving an accessory motor 
With at least one of the converted second DC poWer and the 
stored second DC poWer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic and schematic illustration of an 
exemplary disclosed machine; 

FIG. 2 is a schematic illustration of an electrical system 
architecture for use With the machine of FIG. 1; and 

FIG. 3 is a schematic illustration of another electrical sys 
tem architecture for use With the machine of FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 illustrates an exemplary hybrid machine 10. 
Although hybrid machine 10 is illustrated as a Wheel loader, 
it is contemplated that hybrid machine 10 may embody any 
mobile hybridmachine. For example, hybrid machine 10 may 
be an earth moving machine such as a dozen a backhoe, an 
excavator, a motor grader, or any other earth moving machine. 
It is contemplated that hybrid machine 10 may alternatively 
embody any other type of mobile hybrid machine 10 such as, 
for example, a hybrid automobile. Hybrid machine 10 may 
include a traction device 12, an accessory 14, and an electrical 
system architecture 16 to provide poWer to traction device 12, 
accessory 14, and/or other components of hybrid machine 10. 

Traction device 12 may embody one or more Wheels 
located on each side of hybrid machine 10. It is contemplated 
that traction device 12 may additionally or alternatively 
embody one or more tracks, belts, and/or any other device for 
maneuvering hybrid machine 10. Traction device 12 may be 
driven mechanically, hydraulically, or in any other manner by 
one or more components of electrical system architecture 16. 
For example, traction device 12 may be driven by one or more 
electric motors associated With electrical system architecture 
16 through a drivetrain that includes, for example, a clutch, a 
differential, and/ or a drive geartrain. 

Accessory 14 may include any vehicle accessory. That is, 
although accessory 14 is illustrated as a loading shovel, it 
should be appreciated that accessory 14 may alternatively 
embody any other type of machine implement such as, for 
example, a ripper or a ploW. It is contemplated that accessory 
14 may alternatively embody any other type of accessory 
such as, for example, hydraulic brakes. Accessory 14 may be 
driven mechanically, hydraulically, or in any other manner by 
one or more components of electrical system architecture 16. 
For example, accessory 14 may be driven by one or more 
electric motors associated With electrical system architecture 
16 through a hydraulic actuator 42 including, for example, a 
pump to force pressurized ?uid into and/ or out of hydraulic 
actuator 42. It is further contemplated that hybrid machine 1 0 
may include a plurality of accessories. 

Electrical system architecture 16 may provide electrical 
poWer to one or more components of hybrid machine 10. For 
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4 
example, as shoWn in FIG. 2, electrical system architecture 16 
may include a poWer source 18, a medium voltage bus 20, a 
medium voltage load 22, a ?rst DC/DC converter 24, a high 
voltage bus 26, a propulsion motor 28, an accessory motor 30, 
a high voltage poWer storage device 32, a second DC/DC 
converter 34, a loW voltage bus 36, a loW voltage load 38, and 
a loW voltage poWer storage device 40. 
PoWer source 18 may provide medium voltage direct cur 

rent (“DC”) poWer to electrical system architecture 16, and 
may include any suitable electrical poWer source. For 
example, poWer source 18 may embody a fuel cell or a gen 
erator set (eg an internal combustion engine mechanically 
coupled With a generator). PoWer source 18 may be con?g 
ured to provide DC output of a desired voltage level or range. 
For example, poWer source 18 may provide a voltage output 
betWeen about 250V and 400 V (or any other suitable voltage 
level or range). PoWer source 18 may be electrically coupled 
With medium voltage bus 20 to deliver DC poWer to one or 
more components or subsystems of electrical system archi 
tecture 16. It is contemplated that, although not shoWn, poWer 
source 18 may be coupled With medium voltage bus 20 via 
any number of other components such as, for example, a 
contactor, sWitch, relay, circuit breaker, etc. It should further 
be appreciated that poWer source 18 may alternatively gener 
ate alternating current (“AC”) poWer, and that the AC poWer 
may be converted to the medium voltage DC poWer by an 
AC/ DC converter. 
Medium voltage bus 20 may comprise an array of one or 

more Wires operable to carry a medium voltage DC poWer 
signal. It is contemplated that the Wires of medium voltage 
bus 20 may carry poWer signals of various voltages and/or 
currents and may include, among other signals, a ground 
signal. Medium voltage bus 20 may be con?gured to deliver 
DC poWer to and/ or from medium voltage load 22, ?rst 
DC/DC converter 24, and second DC/DC converter 34. 
Medium voltage load 22 may include any number of aux 

iliary devices and/ or systems of hybrid machine 10 that may 
be poWered by the medium voltage DC poWer signal from 
medium voltage bus 20. For example, medium voltage load 
22 may include a fan motor, a compressor motor, and/or one 
or more coolant pumps. 

First DC/DC converter 24 may include a set of poWer 
electronics operable to convert DC poWer at a ?rst voltage to 
DC poWer at a second voltage greater than the ?rst voltage. 
More speci?cally, ?rst DC/DC converter 24 may be con?g 
ured to receive medium voltage DC poWer from medium 
voltage bus 20, convert the medium voltage DC poWer to high 
voltage DC poWer, and deliver the high voltage DC poWer to 
high voltage bus 26. As such, ?rst DC/DC converter 24 may 
embody any poWer electronics capable of converting medium 
voltage DC poWer to high voltage DC poWer. For example, 
?rst DC/DC converter 24 may include any number of thyris 
tors, insulated gate bipolar transistors (IGBTs), metal-oxide 
semiconductor ?eld-effect transistors (MOSFETs), bipolar 
junction transistors (BJTs), operational ampli?ers (op-amps), 
resistors, capacitors, inductors, diodes, etc., con?gured to 
operate according to the present disclosure. It should be 
appreciated that many such circuits are knoWn in the art, 
including, but not limited to, sWitched-mode converters, 
sWitched capacitor converters, etc. It should also be appreci 
ated that because poWer is conserved in ?rst DC/ DC converter 
24 and because the output voltage of ?rst DC/ DC converter 24 
may be greater than its input voltage, that an output current of 
?rst DC/ DC converter 24 may be less than an input current of 
?rst DC/DC converter 24. For example, in one exemplary 
embodiment of the present disclosure, the ?rst voltage (i.e. 
medium voltage) may be about 400 V, and the second voltage 



US 7,911,079 B2 
5 

(i.e. high voltage) may be about 850 V. Thus, if the input 
current of ?rst DC/DC converter 24 is about 200 A, the poWer 
through ?rst DC/DC converter 24 may be about 80 kW (i.e. 
400V><200 A) and the output current of ?rst DC/DC converter 
24 may be about 94 A (i.e. 80 kW/850 V). It is contemplated 
that ?rst DC/DC converter 24 may additionally be operable in 
a reverse mode to convert high voltage DC poWer to medium 
voltage DC poWer. It is further contemplated that the output 
voltage and/ or output current of ?rst DC/ DC converter 24 
may be adjustable. It should be appreciated that the voltage 
output of ?rst DC/ DC converter 24 may additionally or alter 
natively include a negative voltage of high magnitude (e.g. 
—850V). For example, if one or more high voltage accessories 
of hybrid machine 10 require a negative voltage of high 
magnitude, it should be appreciated that this negative voltage 
may be included in the output of ?rst DC/ DC converter 24. 

High voltage bus 26 may comprise an array of one or more 
Wires operable to carry a high voltage DC poWer signal. It is 
contemplated that the Wires of high voltage bus 26 may carry 
poWer signals of various voltages and/or currents and may 
include, among other signals, a ground signal. High voltage 
bus 26 may be con?gured to deliver DC poWer to and/or from 
?rst DC/ DC converter 24, propulsion motor 28, accessory 
motor 30, and high voltage poWer storage device 32. It should 
be appreciated that high voltage bus 26 may additionally be 
con?gured to deliver DC poWer to and/ or from any number of 
other components such as, for example, a resistor grid con 
?gured to dissipate excess poWer from high voltage bus 26 as 
heat. 

Propulsion motor 28 may be operable to receive high volt 
age DC poWer from high voltage bus 26 and produce a 
mechanical poWer output. For example, propulsion motor 28 
may be electrically coupled to high voltage bus 26 to receive 
high voltage DC poWer, convert the high voltage DC poWer to 
a mechanical poWer output (e. g. an output torque), and deliver 
the mechanical poWer to traction device 12 to propel hybrid 
machine 10. It is contemplated that, although not shoWn, 
propulsion motor 28 may be coupled With high voltage bus 26 
via any number of other components such as, for example, a 
contactor, sWitch, circuit breaker, relay, or any other suitable 
device. It should be appreciated that propulsion motor 28 may 
be con?gured to drive traction device 12 in any suitable 
manner, such as, for example, through a drivetrain, torque 
converter, etc. The speed and/ or torque of the mechanical 
poWer output of propulsion motor 28 may be at least partially 
dependent on the voltage and/or current of the high voltage 
DC poWer from high voltage bus 26. As such, propulsion 
motor 28 may additionally include poWer electronics and/or a 
control system to control the voltage and/ or current delivered 
to drive propulsion motor 28. For example, propulsion motor 
28 may include any number of controllers, thyristors, lGBTs, 
MOSFETs, B] Ts, op-amps, resistors, capacitors, inductors, 
diodes, etc., con?gured to operate according to the present 
disclosure. That is, propulsion motor 28 may embody any 
knoWn DC motor capable of operating in accordance With the 
present disclosure, such as, for example, a sWitched reluc 
tance motor. 

Propulsion motor 28 may also be operable to receive 
mechanical poWer for generating high voltage DC poWer in a 
dynamic braking mode. For example, propulsion motor 28 
may embody a DC motor/ generator con?gured to receive an 
input torque from traction device 12 and deliver high voltage 
DC poWer to high voltage bus 26. It is also contemplated that 
the voltage and/ or current delivered to drive propulsion motor 
28 may additionally or alternatively be controlled by poWer 
electronics and/or control systems included in other compo 
nents of electrical system architecture 16, such as, for 
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6 
example, ?rst DC/DC converter 24 and/or high voltage poWer 
storage device 32. It should be appreciated that propulsion 
motor 28 may alternatively embody a plurality of propulsion 
motors 28 and that the poWer output of propulsion motor 28 
may alternatively embody any other type of poWer output 
knoWn in the art, such as, for example, hydraulic or pneumatic 
poWer. 

Accessory motor 30 may be con?gured to drive an acces 
sory (such as, for example, accessory 14 of FIG. 1), and may 
be poWered by high voltage DC poWer. For example, acces 
sory motor 30 may be electrically coupled With high voltage 
bus 26 to receive high voltage DC poWer therefrom. It is 
contemplated that, although not shoWn, accessory motor 30 
may be coupled With high voltage bus 26 via any number of 
other components such as, for example, a contactor, sWitch, 
circuit breaker, relay, or any other suitable device. Accessory 
motor 30 may be operatively coupled to accessory 14 to 
provide a mechanical poWer output for driving accessory 14. 
For example, accessory motor 30 may be mechanically, 
hydraulically, and/or pneumatically coupled to accessory 14 
and con?gured to operate accessory 14 for performing a task 
associated With hybrid machine 10. In an exemplary embodi 
ment of the present disclosure, accessory motor 30 may be 
mechanically coupled With hydraulic actuator 42 that may be 
operated to control the movement of accessory 14. More 
speci?cally, accessory motor 30 may be poWered by the high 
voltage DC poWer from high voltage bus 26 to produce a 
mechanical poWer output such as, for example, a rotation of a 
shaft (not shoWn). The shaft may be mechanically coupled 
With the pump of hydraulic actuator 42 such that a rotation of 
the shaft may drive the pump to force pressurized ?uid into 
and/or out of hydraulic actuator 42, thus driving the move 
ment of accessory 14. 

Accessory motor 30 may be con?gured to receive high 
voltage DC poWer associated With high voltage bus 26 to 
produce a torque output. The speed and/ or torque of the 
mechanical poWer output of accessory motor 30 may be 
dependent on the voltage and/or current of the high voltage 
DC poWer from high voltage bus 26. As such, accessory 
motor 30 may additionally include poWer electronics and/or a 
control system to control the voltage and/ or current delivered 
to drive accessory motor 30. For example, accessory motor 30 
may include any number of controllers, thyristors, lGBTs, 
MOSFETs, BJTs, op-amps, resistors, capacitors, inductors, 
diodes, etc., con?gured to operate according to the present 
disclosure. That is, accessory motor 30 may embody any 
knoWn DC motor capable of operating in accordance With the 
present disclosure, such as, for example, a sWitched reluc 
tance motor. It is contemplated that accessory motor 30 may 
additionally be operable to receive mechanical poWer and use 
it to generate high voltage DC poWer in a dynamic regenera 
tion mode. For example, accessory motor 30 may embody a 
DC motor/ generator. It is also contemplated that the voltage 
and/or current delivered to drive accessory motor 30 may 
additionally or alternatively be controlled by poWer electron 
ics and/or control systems included in other components of 
electrical system architecture 16, such as, for example, ?rst 
DC/DC converter 24 and/or high voltage poWer storage 
device 32. It should be appreciated that accessory motor 30 
may alternatively embody a plurality of accessory motors 30 
(eg each associated With a respective accessory 14 of hybrid 
machine 10) and/or any other type of electrically-powered 
accessory actuator, such as, for example, a hydraulic pump. 

High voltage poWer storage device 32 may be any type of 
poWer storage device such as, for example, a battery, an 
ultra-capacitor, or a ?yWheel. In an exemplary embodiment 
of the present disclosure, high voltage poWer storage device 
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32 may store high voltage DC power from high voltage bus 
26. For example, high voltage power storage device 32 may 
store excess poWer generated by poWer source 18 and/or 
generated by regenerative dynamic braking of propulsion 
motor 28. 

Alternatively or additionally, high voltage poWer storage 
device 32 may provide high voltage DC poWer to high voltage 
bus 26. For example, high voltage poWer storage device 32 
may provide high voltage DC poWer to propulsion motor 28 
and/or accessory motor 30 When poWer source 18 is deacti 
vated, unavailable, or operating at a reduced poWer output 
capacity. Additionally or alternatively, high voltage poWer 
storage device 32 may supply additional high voltage DC 
poWer that may be used by propulsion motor 28 and/ or acces 
sory motor 30 during operation of poWer source 18 to, for 
example, reduce some of the burden on poWer source 18 
during peak periods. In an exemplary embodiment of the 
present disclosure, high voltage poWer storage device 32 may 
store high voltage DC poWer at 850 Volts. It is contemplated 
that, although not shoWn, high voltage poWer storage device 
32 may be coupled With high voltage bus 26 via any number 
of other components such as, for example, a contactor, 
sWitch, circuit breaker, relay, or any other suitable device. 

Second DC/DC converter 34 may include a set of poWer 
electronics operable to convert DC poWer at the ?rst voltage 
to DC poWer at a third voltage less than the ?rst voltage. More 
speci?cally, second DC/ DC converter 34 may be con?gured 
to receive medium voltage DC poWer from medium voltage 
bus 20, convert the medium voltage DC poWer to loW voltage 
DC poWer, and deliver the loW voltage DC poWer to loW 
voltage bus 36. As such, second DC/DC converter 34 may 
embody any poWer electronics capable of converting medium 
voltage DC poWer to loW voltage DC poWer. For example, 
second DC/ DC converter 34 may include any number of 

thyristors, IGBTs, MOSFETs, BJTs, op-amps, resistors, 
capacitors, inductors, diodes, etc., con?gured to convert 
medium voltage DC poWer to loW voltage DC poWer. Second 
DC/DC converter 24 may include one or more poWer con 

verters such as, for example, a sWitched-mode converter, a 
sWitched capacitor converter, etc. It should also be appreci 
ated that because poWer is conserved in second DC/DC con 
ver‘ter 34 and because the output voltage of second DC/DC 
converter 34 may be less than its input voltage, that an output 
current of second DC/DC converter 34 may be greater than an 
input current of second DC/ DC converter 34. For example, in 
one exemplary embodiment of the present disclosure, the 
third voltage (i.e. loW voltage) may be about 24 V, and the ?rst 
voltage (i.e. medium voltage) may be about 400V. Thus, if the 
input current of second DC/ DC converter 34 is about 20A, the 
poWer through second DC/DC converter 34 may be about 8 
kW (i.e. 400 V><20 A) and the output current of second 
DC/DC converter 34 may be about 333 A (i.e. 8 kW/24 V). It 
is contemplated that second DC/DC converter 34 may addi 
tionally be operable in a reverse mode to convert loW voltage 
DC poWer to medium voltage DC poWer. It is further contem 
plated that the output voltage and/or output current of second 
DC/DC converter 34 may be controllable. It is also contem 
plated that the voltage output of second DC/DC converter 34 
may additionally or alternatively include a negative voltage of 
loW magnitude. 
LoW voltage bus 36 may comprise an array of one or more 

Wires operable to carry a loW voltage DC poWer signal. It is 
contemplated that the Wires of loW voltage bus 36 may carry 
poWer signals of various voltages and/or currents and may 
include a ground signal. LoW voltage bus 36 may be con?g 
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8 
ured to deliver DC poWer to and/or from second DC/DC 
converter 34, loW voltage load 38, and loW voltage poWer 
storage device 40. 
LoW voltage load 38 may include any number of auxiliary 

devices and/or systems of hybrid machine 10 that may be 
poWered by the loW voltage DC poWer signal from loW volt 
age bus 36. For example, loW voltage load 38 may include 
lighting systems, heating systems, coolant systems, and/or 
control systems. 
LoW voltage poWer storage device 40 may be any type of 

knoWn poWer storage device such as, for example, a battery, 
an ultra-capacitor, or a ?yWheel. In an exemplary embodi 
ment of the present disclosure, loW voltage poWer storage 
device 40 may store loW voltage DC poWer from loW voltage 
bus 36. For example, loW voltage poWer storage device 40 
may store excess poWer generated by poWer source 18 via 
second DC/ DC converter 34 and/or generated by loW voltage 
load 38. Additionally or alternatively, loW voltage poWer stor 
age device 40 may provide loW voltage DC poWer to loW 
voltage bus 36. For example, loW voltage poWer storage 
device 40 may provide loW voltage DC poWer to loW voltage 
load 38 When poWer source 18 is deactivated, unavailable, or 
operating at a reduced poWer output capacity. Additionally or 
alternatively, loW voltage poWer storage device 40 may pro 
vide additional loW voltage DC poWer that may be used by 
loW voltage load 38 during operation of poWer source 18, for 
example, during peak operating periods. In an exemplary 
embodiment of the present disclosure, loW voltage poWer 
storage device 40 may store loW voltage DC poWer at 24 
Volts. It should be appreciated that although not shoWn, loW 
voltage poWer storage device 40 may be coupled With loW 
voltage bus 36 via any number of other components such as, 
for example, a contactor, circuit breaker, sWitch, relay, etc. 

FIG. 3 illustrates an alternative embodiment of electrical 
system architecture 16. Similar to electrical system architec 
ture 16 of FIG. 2, electrical system architecture 16 of FIG. 3 
may include poWer source 18, medium voltage bus 20, 
medium voltage load 22, ?rst DC/ DC converter 24, medium 
voltage bus 20, accessory motor 30, propulsion motor 28, 
high voltage poWer storage device 32, second DC/DC con 
ver‘ter 34, loW voltage bus 36, loW voltage load 38, and loW 
voltage poWer storage device 40. HoWever, in contrast to 
electrical system architecture 16 of FIG. 2, propulsion motor 
28 and accessory motor 30 of electrical system architecture 
16 of FIG. 3 may each embody any type of AC-poWered 
motor, and electrical system architecture 16 of FIG. 3 may 
further include a ?rst inverter 44, and a second inverter 46 
respectively connecting propulsion motor 28 and accessory 
motor 30 to high voltage bus 26. 

First and second inverters 44, 46 may each comprise a set 
of poWer electronics operable to convert DC poWer to AC 
poWer. More speci?cally, ?rst and second inverters 44, 46 
may be con?gured to receive high voltage DC poWer from 
high voltage bus 26, convert the high voltage DC poWer to AC 
poWer, and deliver the AC poWer to propulsion motor 28 and 
accessory motor 30, respectively. First and second inverters 
44, 46 may each include, for example, any number of thyris 
tors, IGBTs, MOSFETs, BJTs, op-amps, resistors, capaci 
tors, inductors, diodes, etc., con?gured to convert DC poWer 
to AC poWer. First and second inverters 44, 46 may each 
include one or more circuits such as, for example, a sWitched 
mode poWer supply, an H-bridge inverter, etc. In one exem 
plary embodiment of the present disclosure, ?rst and second 
inverters 44, 46 may each embody a three-phase converter 
With controllable frequency, current, and/or voltage param 
eters such that a frequency, current, and/ or voltage of the AC 
poWer generated by ?rst and second inverters 44, 46 may be 
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controllably set. It is contemplated that ?rst and second 
inverters 44, 46 may each be operable in a reverse mode to 
convert AC poWer to high voltage DC poWer. 

INDUSTRIAL APPLICABILITY 

The system of the present disclosure may provide an elec 
trical system architecture With at least one propulsion motor 
and at least one accessory motor connected to the same high 
voltage bus as a high voltage poWer storage device. As such, 
the electrical system architecture of the present disclosure 
may be capable of providing poWer to the at least one propul 
sion motor and/or the at least one accessory motor Without 
requiring use of a poWer source. For example, While the 
poWer source is turned off, high voltage poWer from the high 
voltage poWer storage device may be used to poWer the at 
least one propulsion motor to move a hybrid machine asso 
ciated With the disclosed electrical system architecture. Addi 
tionally or alternatively, While the poWer source is turned off, 
high voltage poWer from the high voltage poWer storage 
device may be used to poWer the at least one accessory motor 
to move an accessory (eg an implement) of a hybrid machine 
associated With the disclosed electrical system architecture. 
The disclosed electrical system architecture may be appli 
cable to any hybrid machine and, in particular, to any hybrid 
machine having at least one traction device and at least one 
accessory that can be at least partially driven by electrical 
poWer. The operation of electrical system architecture 16 With 
regard to hybrid machine 10 Will noW be explained. 

Referring to FIG. 1, hybrid machine 10 may be propelled 
by a movement of traction device 12, and may perform one or 
more functions by Way of a movement of accessory 14. Trac 
tion device 12 and accessory 14 may both be poWered to move 
by one or more components of electrical system architecture 
16. For example, a mechanical poWer output of propulsion 
motor 28 may drive the movement of traction device 12 While 
a mechanical poWer output of accessory motor 30 may drive 
the movement of accessory 14 via hydraulic actuator 42. Each 
of propulsion motor 28 and accessory motor 30 may be poW 
ered by electrical poWer (i.e. DC poWer) provided by one or 
more components of electrical system architecture 16. Opera 
tion of electrical system architecture 16 Will noW be described 
in further detail With regard to FIG. 2. 

PoWer source 18 may produce a medium voltage DC poWer 
output, and deliver the medium voltage DC poWer to medium 
voltage bus 20. At least a ?rst portion of the medium voltage 
DC poWer delivered to medium voltage bus 20 may be deliv 
ered to medium voltage load 22. Similarly, at least a second 
portion of the medium voltage DC poWer delivered to 
medium voltage bus 20 may be delivered to second DC/DC 
converter 34. Second DC/ DC converter 34 may convert the 
medium voltage DC poWer to loW voltage DC poWer and 
deliver the loW voltage DC poWer to loW voltage bus 36. LoW 
voltage bus 36 may thus deliver at least a ?rst portion of the 
loW voltage DC poWer to loW voltage load 38 and at least a 
second portion of the loW voltage DC poWer to loW voltage 
poWer storage device 40. LoW voltage poWer storage device 
40 may store at least a portion of the loW voltage poWer that it 
receives. 
LoW voltage poWer storage device 40 may further deliver 

loW voltage poWer to loW voltage bus 36. More speci?cally, 
loW voltage poWer storage device 40 may provide loW voltage 
DC poWer to loW voltage load 38 via loW voltage bus 36. In 
this manner, the loW voltage DC poWer from loW voltage 
poWer storage device 40 may supplement and/or replace the 
loW voltage DC poWer from second DC/DC converter 34 if, 
for example, poWer source 18 is deactivated, unavailable, or 
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10 
operating at a reduced poWer output capacity. It is contem 
plated that the loW voltage DC poWer from loW voltage poWer 
storage device 40 may additionally or alternatively be deliv 
ered to second DC/DC converter 34 via loW voltage bus 36, 
and converted to medium voltage DC poWer by second 
DC/DC converter 34. In this manner, second DC/DC con 
ver‘ter 34 may deliver the converted medium voltage DC 
poWer to medium voltage load 22 and/or ?rst DC/DC con 
ver‘ter 24 via medium voltage bus 20. 

At least a third portion of the medium voltage DC poWer 
carried by medium voltage bus 20 may be delivered to ?rst 
DC/DC converter 24. First DC/DC converter 24 may convert 
the medium voltage DC poWer to high voltage DC poWer and 
deliver the high voltage DC poWer to high voltage bus 26. 
High voltage bus 26 may then deliver at least a ?rst portion of 
the high voltage DC poWer to propulsion motor 28 and at least 
a second portion of the high voltage DC poWer to accessory 
motor 30 to drive propulsion motor 28 and accessory motor 
30, respectively. That is, propulsion motor 28 may be poW 
ered by the high voltage DC poWer from high voltage bus 26 
to produce a mechanical poWer output that may drive traction 
device 12 to propel hybrid machine 10, as discussed above. 
Similarly, accessory motor 30 may be poWered by the high 
voltage DC poWer from high voltage bus 26 to produce a 
mechanical poWer output that may drive the pump of hydrau 
lic actuator 42, Which may thus actuate a movement of acces 
sory 14. 
High voltage bus 26 may additionally deliver at least a third 

portion of the high voltage DC poWer to high voltage poWer 
storage device 32. High voltage poWer storage device 32 may 
operate similar to loW voltage poWer storage device 40. For 
example, high voltage poWer storage device 32 may store at 
least a portion of the high voltage DC poWer that it receives, 
and may further deliver high voltage DC poWer to high volt 
age bus 26. More speci?cally, high voltage poWer storage 
device 32 may provide high voltage DC poWer to propulsion 
motor 28 and/or accessory motor 30 via high voltage bus 26. 
In this manner, the high voltage DC poWer from high voltage 
poWer storage device 32 may supplement and/or replace the 
high voltage DC poWer from ?rst DC/ DC converter 24 if, for 
example, poWer source 18 is deactivated, unavailable, or 
operating at a reduced poWer output capacity. It should be 
appreciated that high voltage poWer storage device 32 may 
additionally receive high voltage DC poWer generated by 
propulsion motor 28 during a regenerative dynamic braking 
mode. 

In a particular example, it may be desirable to move hybrid 
machine 10 a relatively short distance When poWer source 18 
is turned off. Rather than unnecessarily spending time and/ or 
fuel starting poWer source 18, high voltage poWer storage 
device 32 may provide high voltage DC poWer to drive pro 
pulsion motor 28 to move hybrid machine 10. It should be 
appreciated that by using high voltage poWer storage device 
32 in this manner, exhaust emissions that may have been 
produced by poWer source 18 While moving hybrid machine 
10 over such a short distance may be eliminated. In another 
example, it may be desirable to move accessory 14 for a short 
period of time When poWer source 18 is turned off (eg in 
order to conduct a small loading operation or to reposition 
accessory 14 When providing maintenance to hybrid machine 
10). Again, time and/ or fuel may be saved and emissions may 
be eliminated by utiliZing high voltage DC poWer from high 
voltage poWer storage device 32 to drive accessory motor 30 
to move accessory 14. 

It is contemplated that the high voltage DC poWer from 
high voltage poWer storage device 32 may additionally or 
alternatively be delivered to ?rst DC/DC converter 24 via 
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high voltage bus 26, and converted to medium voltage DC 
power by ?rst DC/DC converter 24. In this manner, ?rst 
DC/ DC converter 24 may deliver the converted medium volt 
age DC poWer to medium voltage load and/or second DC/DC 
converter 34 via medium voltage bus 20. 

Referring noW to the embodiment illustrated in FIG. 3, 
much of the operation of electrical system architecture 16 
may remain substantially unchanged from the above-de 
scribed operation. The inclusion of ?rst inverter 44 and sec 
ond inverter 46 may substantially affect only the operations of 
propulsion motor 28 and accessory motor 30. In particular, 
the ?rst portion of the high voltage DC poWer from high 
voltage bus 26 may be converted to AC poWer by ?rst inverter 
44. The converted AC poWer may then poWer propulsion 
motor 28 to drive traction device 12, as discussed above. If 
propulsion motor 28 is operated in a dynamic braking mode, 
propulsion motor 28 may generate AC poWer. The AC poWer 
may then be converted to high voltage DC poWer by ?rst 
inverter 44 (i.e. ?rst inverter 44 may operate as a recti?er), and 
delivered to high voltage bus 26. Further, the second portion 
of the high voltage DC poWer from high voltage bus 26 may 
be converted to AC poWer by second inverter 46. The con 
verted AC poWer may then poWer accessory motor 3 0 to drive 
accessory 14. 

The present disclosure may provide a ?exible electrical 
system architecture that is capable of poWering a propulsion 
motor and/or an accessory motor Without use of a poWer 
source. In particular, because the poWer source may be con 
nected to the high voltage bus and the loW voltage bus via 
respective DC/DC converters, the levels and/ or ranges of the 
high voltage DC poWer and loW voltage DC poWer of the 
electrical system architecture may be varied independently of 
the poWer source. That is, it may be possible to change the 
levels and/or ranges of the high voltage DC poWer and/or the 
loW voltage DC poWer by adjusting one or more of the 
DC/DC converters, or by replacing one or more of the DC/DC 
converters Without making substantial changes to the poWer 
source. Because DC/DC converters may be relatively less 
expensive than poWer sources, replacing one or more of the 
DC/DC converters may also be less expensive than replacing 
the poWer source to change the levels and/or ranges of the 
high voltage DC poWer and/or the loW voltage DC poWer. 

Further, the electrical system architecture of the present 
disclosure may provide ?exibility With regard to options for 
changing the propulsion motor and/or the accessory motor. 
For example, because the ?rst DC/ DC converter may be 
adjusted or replaced to increase the level and/ or range of the 
high voltage DC poWer, the electrical system architecture 
may provide an e?icient and inexpensive Way to upgrade one 
or more of the motors to smaller, lighter, more e?icient high 
voltage motors. With smaller, lighter motors, the electrical 
system architecture may further be adapted to a Wide variety 
of machines having differing siZe and Weight constraints such 
as, for example, under-hood space requirements or maximum 
Weight restrictions. 

The electrical system architecture of the present disclosure 
may also increase ef?ciency because the loW voltage loads 
may be connected to the same loW voltage bus as the loW 
voltage poWer storage device. More speci?cally, because the 
loW voltage DC poWer from the loW voltage poWer storage 
device may be delivered to poWer the loW voltage loads With 
out ?rst traveling through a poWer converter, substantially all 
of the poWer from the loW voltage poWer storage device may 
be delivered to poWer the loW voltage loads. As a result, the 
amount of time that the loW voltage poWer storage device may 
be used to poWer the loW voltage loads may be maximiZed. 
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12 
It Will be apparent to those skilled in the art that various 

modi?cations and variations can be made to the electrical 
system architecture of the present disclosure Without depart 
ing from the scope of the disclosure. Other embodiments Will 
be apparent to those skilled in the art from consideration of 
the speci?cation and the practice of the electrical system 
architecture disclosed herein. It is intended that the speci? 
cation and examples be considered as exemplary only, With a 
true scope of the disclosure being indicated by the folloWing 
claims and their equivalents. 

What is claimed is: 
1. An electrical system architecture for a machine, com 

prising: 
a poWer source con?gured to generate DC poWer at a ?rst 

voltage; 
a ?rst DC bus con?gured to receive DC poWer at the ?rst 

voltage from the poWer source; 
at least one medium voltage load con?gured to receive DC 
poWer at the ?rst voltage from the ?rst DC bus; 

a ?rst DC/DC converter con?gured to receive DC poWer at 
the ?rst voltage from the ?rst DC bus and convert DC 
poWer at the ?rst voltage to DC poWer at a second volt 
age, Wherein the second voltage is greater than the ?rst 
voltage; 

a second DC bus con?gured to receive DC poWer at the 
second voltage from the ?rst DC/DC converter; 

a high voltage poWer storage device con?gured to receive 
DC poWer at the second voltage from the second DC bus 
and deliver DC poWer at the second voltage to the second 
DC bus; 

a propulsion motor con?gured to receive DC poWer at the 
second voltage from the second DC bus; 

an accessory motor con?gured to receive DC poWer at the 
second voltage from the second DC bus; and 

a second DC/ DC converter con?gured to receive DC poWer 
at the ?rst voltage from the ?rst DC bus and convert DC 
poWer at the ?rst voltage to DC poWer at a third voltage, 
Wherein the third voltage is less than the ?rst voltage, 
and the ?rst DC/DC converter and the second DC/DC 
converter are con?gured to divide DC poWer at the ?rst 
voltage from the poWer source. 

2. The electrical system architecture of claim 1, Wherein 
the poWer source is at least one of a fuel cell and an engine 
coupled With a generator. 

3. The electrical system architecture of claim 1, Wherein 
the accessory motor is a hydraulic motor. 

4. The electrical system architecture of claim 3, Wherein 
the accessory motor is con?gured to drive a hydraulic imple 
ment. 

5. The electrical system architecture of claim 1, Wherein 
the accessory motor is a plurality of accessory motors. 

6. The electrical system architecture of claim 1, Wherein: 
the propulsion motor is an AC propulsion motor; and 
the electrical system architecture further includes an 

inverter, Wherein the inverter is con?gured to: 
receive DC poWer at the second voltage from the second 
DC bus; 

convert DC poWer at the second voltage to AC poWer; 
and 

deliver AC poWer to the propulsion motor. 
7. The electrical system architecture of claim 1, Wherein: 
the accessory motor is an AC accessory motor; and 
the electrical system architecture further includes an 

inverter, Wherein the inverter is con?gured to: 
receive DC poWer at the second voltage from the second 
DC bus; 
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convert DC power at the second voltage to AC power; 
and 

deliver AC power to the accessory motor. 
8. The electrical system architecture of claim 1, wherein: 
the electrical system architecture further includes: 

a third DC bus con?gured to receive DC power at the 
third voltage from the second DC/DC converter; and 

at least one low voltage load con?gured to receive DC 
power at the third voltage from the third DC bus. 

9. The electrical system architecture of claim 8, wherein: 
the electrical system architecture further includes a low 

voltage power storage device con?gured to receive DC 
power at the third voltage from the third DC bus and 
deliver DC power at the third voltage to the third DC bus; 
and 

the second DC/DC converter is further con?gured to 
receive DC power at the third voltage from the third DC 
bus and con?gured to: 
convert DC power at the third voltage to DC power at the 

?rst voltage; and 
deliver DC power at the ?rst voltage to the ?rst DC bus. 

10. The electrical system architecture of claim 1, wherein 
the ?rst voltage is between about 250-400 Volts. 

11. The electrical system architecture of claim 1, wherein 
the second voltage is about 850 Volts. 

12. A method, comprising: 
generating a ?rst DC power; 
powering at least one medium voltage load with the ?rst 
DC power; 

converting at least a portion of the ?rst DC power to a 
second DC power with a ?rst DC/ DC converter, wherein 
a voltage of the second DC power is greater than a 
voltage of the ?rst DC power; 

storing at least a portion of the second DC power; 
driving a propulsion motor with at least one of the con 

verted second DC power and the stored second DC 
power; 

driving an accessory motor with at least one of the con 
verted second DC power and the stored second DC 
power; and 

converting at least a portion of the ?rst DC power to a third 
DC power with a second DC/DC converter, wherein a 
voltage of the third DC power is less than a voltage of the 
?rst DC power, and the ?rst DC/ DC converter and the 
second DC/DC converter are con?gured to divide at 
least a portion of the ?rst DC power. 

13. The method of claim 12, wherein driving a propulsion 
motor includes: 

converting at least one of the converted second DC power 
and the stored second DC power to an AC power; and 

driving the propulsion motor with the AC power. 
14. The method of claim 12, wherein driving an accessory 

motor includes: 
converting at least one of the converted second DC power 

and the stored second DC power to an AC power; and 
driving the accessory motor with the AC power. 
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15. The method of claim 12, wherein driving an accessory 

motor includes driving a plurality of accessory motors with at 
least one of the converted second DC power and the stored 
second DC power. 

16. The method of claim 12, further including: 
powering at least one low voltage load with the third DC 

power. 
17. The method of claim 16, further including: 
storing at least a portion of the third DC power; and 
converting at least a portion of the stored third DC power to 

the ?rst DC power, wherein powering at least one low 
voltage load includes powering the at least one low 
voltage load with at least one of the converted third DC 
power and the stored third DC power. 

18. A machine comprising: 
a traction device con?gured to propel the machine; 
a hydraulic implement; 
a fuel cell con?gured to generate DC power at a ?rst volt 

age; 
a ?rst DC bus con?gured to receive DC power at the ?rst 

voltage from the fuel cell; 
a ?rst DC/DC converter con?gured to receive DC power at 

the ?rst voltage from the ?rst DC bus and con?gured to 
convert DC power at the ?rst voltage to DC power at a 
second voltage, wherein the second voltage is greater 
than the ?rst voltage; 

a second DC bus con?gured to receive DC power at the 
second voltage from the DC/DC converter; 

a high voltage power storage device con?gured to receive 
DC power at the second voltage from the second DC bus 
and deliver DC power at the second voltage from the 
second DC bus; 

a propulsion motor con?gured to: 
receive DC power at the second voltage from the second 
DC bus; and 

drive the traction device; 
a hydraulic motor con?gured to: 

receive DC power at the second voltage from the second 
DC bus; and 

drive the hydraulic implement; 
at least one medium voltage load con?gured to receive DC 
power at the ?rst voltage from the ?rst DC bus; 

a second DC/DC converter, wherein the second DC/DC 
converter is con?gured to: 
receive DC power at the ?rst voltage from the fuel cell 

and the ?rst DC/ DC converter through the ?rst DC bus 
and deliver DC power at the ?rst voltage to the ?rst 
DC bus; and 

convert DC power at the ?rst voltage to DC power at 24 
Volts and convert DC power at 24 Volts to DC power 
at the ?rst voltage; 

a third DC bus con?gured to receive DC power at 24 Volts 
from the second DC/ DC converter and deliver DC power 
at 24 Volts to the second DC/ DC converter; 

at least one low voltage load con?gured to receive DC 
power at 24 volts from the third DC bus; and 

a low voltage power storage device con?gured to receive 
DC power at 24 Volts from the third DC bus and deliver 
DC power at 24 Volts to the third DC bus. 

* * * * * 


