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(57) Abrégée/Abstract:

A system for, and method of, combining the outputs of multiple, disparate types of power sources and an isolated converter
module employed in the same. In one embodiment, the system includes: (1) a plurality of isolated converter modules having power
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(57) Abrege(suite)/Abstract(continued):

Inputs couplable to corresponding disparate types of power sources and a DC-output converter configured to convert power
recelved from at least one of the power sources to DC power and (2) a DC bus coupled to power outputs of the plurality of isolated
converter modules and configured to recelve and aggregate the DC power. With such system, a universal converter module can
be employed to identify and convert power from a variety of conventional and renewable power sources.
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SYSTEM AND METHOD FOR COMBINING THE OUTPUTS OF MULTIPLE,
DISPARATE TYPES OF POWER SOURCES

ABSTRACT OF THE DISCLOSURE

A system for, and method of, combining the outputs

5 of multiple, disparate types of power sources and an

isolated converter module employed 1n the same. In one

p—
e

embodiment, the system includes: (1) a plurality o

isolated converter modules having power 1nputs couplable

gridey

to corresponding disparate types of power sources and a

10 DC-output converter configured to convert power received

from at least one of the power sources to DC power and

P
p—

(2) a DC bus coupled to power outputs of the plurality of

1solated converter modules and configured to receive and

aggregate the DC power. With such system, a universal
15 converter module can be employed to i1identify and convert

power from a variety of conventional and renewable power

SOUrces.
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SYSTEM AND METHOD FOR COMBINING THE OUTPUTS OF MULTIPLE,
DISPARATE TYPES OF POWER SOURCES

CROSS-REFERENCE TO RELATED APPLICATION

gr—iwr
p—

This application claims the Dbenefit of U.S.

Provisional Application Serial No. 61/225,037, filed by

Fontana, et al., on July 13, 2009, entitled "“Lineage
Priority Source Power Center,” commonly assigned with
this application and incorporated herein by reference.
This application 1s also related to U.S. Patent

Application Serial No. 12/372,659, filed by Jagota, et

al., on February 17, 2009, entitled “DC Plant Controller

and Method for Selecting Among Multiple Power Sources and

p—

DC Plant Employing the Same,” commonly assigned with this

application and 1ncorporated herein by reference.

TECHNICAL FIELD

This application 1s directed, 1n general, to power

conversion and, more specifically, to a system and method

F
e

for combining the outputs of multiple, disparate types o:

power SOources.

BACKGROUND
Telecommunication service providers are adding
alternative (e.g., “green”) power sources as options for

powering evermore of their telecommunication sites, such

P
P—

as central offices and cell towers. This brings real

benefits 1n operating costs and commercial electric power

F
—

“grid” 1ndependence, vet 1t also 1introduces a host of

new, often disparate eqguipment to the network that the

service providers must maintain and replace as vyears go

by. As a consequence, the equipment threatens the

F

sustainability of the network and 1tg quality of service.

The risk 1s particularly acute when the equipment 1is
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exposed to weather and lightning, which 1s almost always

the case.

Complicating matters, disparate types of power

sources have different priorities of use. For example,

renewable power sources, such as solar and wind power,

should be preferred and therefore have a higher priority

than fossil-fuel-powered backup generators and fee-based,

and possibly also fossil-fuel-powered, commercial
electric power. Being lower 1n priority, the latter
should only be used only as necessary. Because they are

typically reserved for emergency use, backup batteries

may have the lowest priority.

SUMMARY

P

One aspect provides a sgsystem for combining the

outputs of multiple, disparate types of power sources.
In one embodiment, the system includes: (1) a plurality
of 1isolated converter modules having power  1nputs

couplable to corresponding disparate types o©f power

sources and a DC-output converter configured to convert

power recelved from at least one of the power sources to

—

DC power and (2) a DC bus coupled to power outputs of the

plurality of 1solated converter modules and configured to

recelive and aggregate the DC power.

Another aspect provides an 1solated converter
module. One embodiment of the module includes: (1) a

power input, (2) a source recognition circult coupled to

the power input and configured to receive a signal based

on at least one characteristic of power recelved via the
power 1input and recognize a power source type based on
the at least one characteristic, (3) a parameter

selection circuit coupled to the priority determination

circuit and configured to select operating parameters
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controller coupled to the parameter selection cilrcuilit and

configured to provide drive signals 1n accordance with

the operating parameters, (5) a DC-output converter

coupled to the converter controller and configured to

receive the drive signals and convert the power to DC

form and (6) a power output conflgured to receive the

power converted to the DC form from the DC-output

converter.

'

Yet another aspect provides a method of combining

P
p—

the outputs of multiple, disparate types of power

sources. One embodiment of the method 1ncludes: (1)

- p—
—

recognizing the types of each of the multiple power

gsources, (2) selecting respective operating parameters

based on the types, (3) converting power to DC form

according to the converter controller parameters and (4)

combining the power in the DC form 1n a common DC bus.

Still another aspect provides a telecommunications

- L)
prss-

rectifier. In one embodiment, the rectifier includes:

(1) a power 1input, (2) a converter controller configured

to provide drive signals for converting power received

from either the commercial electric power grid or a

renewable power source, (3) a DC-output converter coupled
to the power 1input and the converter controller and

configured to receilve the drive signals and convert the

-

power to DC form and (4) a power output configured to

recelve the power converted to the DC form from the DC-

cutput converter.

BRIEF DESCRIPTION

Reference 1s now made to the following descriptions

taken in conjunction with the accompanying drawlngs, 1n

which:
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P
—

FIG. 1 1s a high-level Dblock diagram of one

gr—
p—

embodiment of a system for combining the outputs ot

multiple, disparate types of power sources;

P

FIG. 2 18 an elevational view of one embodiment o:

P
p—

an equipment rack containing multiple shelves and capable

F

of containing a system for combining the outputs of

multiple, disparate types of power sources;

FIG. 3 1s a block diagram of one embodiment of an

1solated converter module of the system of FIG. 1; and

FIG. 4 1s a flow diagram of one embodiment of a

pr— e

method of combining the outputs of multiple, disparate

P

Cypes OL powexr sources.

DETAILED DESCRIPTION

P

To date, suppliliers of alternative energy equlpment

have used distributed generation (DG), collogquially known
as “grid-tying,” to lncorporate alternative power
sources. DG 1involves coupling alternative power sources

to the commercial alternating current (AC) power grid
such that the sources can synchronize with, and supply

power to, the grid. The grid then supplies any and all

loads, 1ncluding the telecommunication equipment.
Unfortunately, grid-tying 1incurs both AC conversion
inefficiencies and the risk of propagating transient high

voltage (“spikes”) resulting from lightning. For these

reasons, service providers have resisted grid-tying.

Described herein are various embodiments of a system

and method that employ standard power conversion modules

to form a redundant, fault-tolerant system that can
aggregate power from various, dilisparate, often both
alternative and conventional, power sources while
maintaining sufficient 1solation to resist faults

emanating from a particular power source. Power from the
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various sources 1s converted to direct current (DC) of

appropriate voltage and then aggregated. Thereafter, the

DC may be used to power DC loads or converted to AC,

atter which 1t may be used to power AC loads. In a

telecommunication environment, these loads may include

backup batteries and telecommunication egquipment.

The system and method call for the power sources to

be galvanically 1solated from one another to frustrate

fault propagation. Various embodiments of the system and

method employ transformers in the converters to provide

1solation; a magnetic field transfers power while
providing 1isolation. Those sgkilled in the art understand

other circuits that can be employed to provide isolation.

Various embodiments of the system and method employ

diodes to aggregate power from the wvarious sources in a

straightforward manner. Those skilled 1in the art
understand that other devices and circuits can Dbe
employed to aggregate the power.

Certain embodiments of the system and method address

F

the 1ssues of spare parts stocking (“sparing”) and

network sustainability (“uptime”) by employing uniform
converter modules, which may be colloguially regarded as

“1dentical,” “universal” oxr “generic,” that are

configured to adapt themselves to convert power received

F

from different types of power sources. A single type of

converter module can be used to convert power from

multiple source  types, e.qg., solar, wind, water,
geothermal, commercial grid, emergency generator or
backup battery. A service provider need only stock the

single converter type to ensure converter spare

avallability for any source.
Certain other embodiments also address concerns that

alternative power sources could put essential network



10

15

20

25

30

CA 02708001 2010-06-18

LINE-000021CA - 6 -

functions at risk by accommodating priority operation,
namely preferentially employing alternative power sources
but ensuring that more conventional and perhaps reliable
power sources are avallable to be employed 1if or when the
alternative power sources are 1interrupted. In some of

the embodiments described 1in detail herein, isolated

converter modules are configured to recognize the type of
power source from which they are receiving power,
determine the priority that the type of power source
should have, select parameters according to which the
power recelved from the power source 1s converted and
then convert that power to DC 1in accordance with the
parameters.

Still other embodiments are capable of operating at

an 1ncreased efficiency by selectively turning off

1solated converter modules when multiple such modules are
coupled to an alternative power source and fewer than all
such modules are capable of supplying the power received
from the alternative power source. Further embodiments
are capable of employing power factor correction to

receive power from alternative power sources at optimally

efficient output wvoltages for those alternative power
sources and convert the power at optimally efficient DC-

output converter input voltages.

FIG. 1 1s a high-level Dblock diagram of one

R—

embodiment of a system 100 for combining the outputs of
multiple, disparate types of power sources. The

empbodiment 1llustrated 1n FIG. 1 takes the form of a

o

rack-mounted assemblage of modular equipment.
Accordingly, the system 100 1s 1llustrated as including a

plurality of isolated converter modules 101l1la, 101b, 101lc,

r—

F
—

., 101n. A DC bus 102 couples the outputs of the

plurality of 1solated converter modules 10la, 101b, 101c,
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.., 101ln together and provides a DC output 103, as FIG. 1
indicates, suitable for powering a DC load 120. In one
embodiment, a DC-DC converter may be employed to power a
DC load that requires a voltage differing from that
provided by the DC bus 102. For applications that would
benefit from an AC output, the DC bus 102 may be coupled
to an inverter 104 (a DC-AC converter), which provides an
AC output 105, as FIG. 1 indicates, suitable for powering
an AC load 130.

The plurality of 1isolated converter modules 101la,

101b, 101lc, .., 10ln receive power from a corresponding

plurality of power sources 110a, 110b, 110c, .., 110n.

Because wvarious embodiments 1s configured to determine
relative priorities of the power sources 110a, 110D,
110c, .., 110n, the power sources 110a, 110b, 110c are
labeled priority power sources, indicating that they have
(typically differing) priorities higher than a lowest
priority, and the power source 110n is labeled a fallback

power source, 1ndicating that i1t has the lowest priority.

In the 1llustrated embodiment, the priority power source

1 110a 1s a solar-derived power source (e.g., a solar
panel), the priority power source 2 110b 1is a wind-
derived power source (e.g., a turbine-driven generator),

the priority power source 3 110c 1s the commercial

electric power grid (which may also be regarded as a

first backup power source), and the fallback power source

110n 1s a backup power source (e.g., one or wmore fuel

cells, one or more batteries or one or more strings of
batteries). If the backup power source 1s one or more

fuel cells, one or more batteries or one or more strings

of batteries, 1t may be coupled directly to the DC bus
102 (as a broken line coupling the fallback power source

110n and the DC bus 102 indicates) or isolated by a
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charger (not shown) that draws 1ts power from the DC bus

102 or any of the other power sources 110a, 110b, 110c,

As will be described 1n greater detail 1in
conjunction with FIG. 2 below, each of the plurality of
isolated converter modules 10l1la, 101lb, 10l1lc, .., 101ln 1s
capable of operating 1ndependently of the others.
However, the embodiment 1illustrated in FIG. 1 employs a
system oversight controller 106 configured to monitor and
supervise the plurality of 1solated converter modules
10la, 101b, 101lc, .., 10ln to -ensure that they are
COOperating properly and constructively with respect to
one another. An oversight bus 107 couples the system
oversight controller 106 to each of the plurality of
1solated converter modules 10la, 101b, 101lc, .., 101n. In
performing 1ts functions, the system oversight controller

106 may make decisions based on 1input signals received

from the plurality of 1solated converter modules 101a,

101b, 101lc, .., 101ln via the oversight bus 107 and one or

more characteristics of the DC bus 102, e.g., sensed at a

control point 108. The one or more characteristics may
1nclude voltage, current Oor any other desired
characteristic.

Turning briefly to FIG. 2, 1llustrated 1s an

P

elevational view of one embodiment of an eqgquipment rack

200 containing multiple shelves and capable of containing
a system for combining the outputs of multiple, disparate
types of power sources. The rack 200 may be, for
example, a standard equilipment rack 1n a conventional

battery plant (e.qg., as may  be located in a

telecommunication facility such as a central office, or

CO) . FIG. 2 1llustrates a plurality of shelves 210a,

210b, 210c¢, .., 210n configured to support one or more
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isolated converter modules 10la, 101b, 10l1lc, .., 101n. In
the illustrated embodiment, the isolated converter
modules 101la, 101b, 101lc, .., 101ln on a given shelf 210a,
210b, 210c, .., 210n are dedicated to a particular type of
power source. For example, the 1solated converter

modules 10la on the shelf 210a may be dedicated to
converting power recelved from one or more wind-driven
energy sources, and the 1solated converter modules 101ln

on the shelf 210n may be dedicated to converting power

recelved from one or more backup batteries or battery
strings. In one specific embodiment, separate 1isolated

converter modules 10la are employed to convert each phase

of a single wind-driven energy source. In another
embodiment, a single 1i1solated converter module 10la 1is
employed to convert power recelved from multiple wind-
driven energy sources. Those skilled 1in the art will
understand that the 1solated converter modules 101a,
101b, 10lc, .., 10ln may be arranged 1n any manner,
however.

Fach shelf 210a, 210b, 210c¢, .., 210n may support one
Oor more spare 1solated converter modules, 10la, 101b,

101c, .., 101ln that are either wholly disconnected from

the remainder of the system, connected to the remainder

of the system and placed on standby or connected to the

remalnder of the system and operating at less than full

output current. The latter two configurations are

colloguially regarded as “hot-swappable.” In a system
having a “hot-swappable” module, one or more standby

converter modules may Dbe gubstituted for one or more

malfunctioning converter modules automatically, and
without requiring human knowledge or intervention. In
the 1llustrated embodiment, the system oversight

controller 106 may command this substitution, typically
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based at 1least 1n part on signals received from any
malfunctioning converter modules. As described below 1in
conjunction with FIG. 3, the 1solated converter modules
101la, 101b, 101l1lc, .., 101ln may perform power factor and
voltage adjustments to increase the power received from a
power source and optimize conversion efficiency.

Inherent 1n the latter two configurations described

above 1s the ability to perform “WN+1 sparing” or, more

generally, "“N+M sparing,” where N = 1 or a dgreater
integer. For example, N+1 1solated converter modules may
be used for converting power from a given power source,
when only N 1solated converter modules are reguired to
convert the power. Under N+1 s8paring, each isolated

)th

converter module converts 1/ (N+1 of the power received

from the power source. If one 1solated converter module
malfunctions, each of the remaining N 1solated converter
modules then converts 1/N*™ of the power. N+M sparing
would call for M 1solated converter modules in excess of
the N regquired to convert the power.

FIG. 2 also shows one embodiment of the system
oversight controller 106, which happens to be located
over the shelves 210a, 210b, 210c, .., 210n 1n the
illustrated embodiment. Although FIG. 2 does not show
them, a DC bus and an oversight bus couple the wvarious
1solated converter modules 10l1la, 101lb, 10lc, .., 101ln and

the system oversight controller 106 together as indicated

apove. In the 1llustrated embodiment, the DC and

oversight buses run along a rear surface of the rack 200
and 1nclude backplane connectors that allow the isolated
converter modules 10la, 101b, 10lc, .., 10ln and perhaps
the system oversight controller 106 to be plugged into

them as they are inserted into the rack 200.
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As described above, the 1llustrated embodiment of
cach of the plurality of 1solated converter modules 101a,
101b, 10lc, .., 101n of FIGs. 1 and 2 1s configured to
recognize the type of power source from which they are
recelving power, determine the priority that the type of
powexr source should have, select parameters according to
which the power received from the power source 1is

converted and then convert that power to DC in accordance

I )

with the parameters. Thus, various embodiments of one o:

the 1solated converter modules 101la, 101b, 101lc, .., 101ln

wlll now be described.

FIG. 3 1s a block diagram of one embodiment of an
1solated converter module 300 of the system of FIG. 1.
The 1llustrated embodiment of the module 300 is embodied
1n a plurality of circuits mounted on a circuit board 301

and, 1n some embodiments, encased 1n a protective shell

302. In wvarious embodiments, the module 300 features

backplane connectors (not shown, since FIG. 3 shows the
module 300 1n conceptual, rather than physical, form)

that allow the module to be inserted i1into the rack 200 of

FIG. 2 and be coupled to the Dbackplane thereof.

Typically, the backplane connectors would provide for

most, 1f not all, of the electrical connections that need

to be made with the module 300.

The module 300 may also include one or more status
indicators (e.g., lights) on a front edge thereof (not
shown) to 1indicate, among other things, the operating
status of the module 300. In some embodiments, the
dimensions of the protective shell and the placement of
the backplane connectors are standardized that the

modules are uniform and may be plugged into any one of a
plurality of uniformly sized slots in a rack (e.g., the

rack 200 of FIG. 2).
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The module 310 includes a power 1input 310 configured

to receive power from a power source and a power output

that leads to the DC bus 102. A source recognition
circuit 320 receives, from a control point 330, a signal
based on at least one characteristic of the power
received vilia the power 1input 310. The at least one

characteristic may be one or more of a wvoltage, a

current, a frequency, a phase, a DC offset, an 1impedance,

a power factor, a harmonic content or any other
characteristic of interest. In the 1llustrated
embodiment, the characteristic 1s voltage. The source

recognition circuit 320 1s configured to 1dentify the
type of the power source based on the characteristic.

For example, a voltage signal having a relatively

constant 50 or 60 Hz frequency 1ndicates that the power

source 18 elther a fossil-fuel-powered AC Dbackup
generator or the commercial electric power grid. By
monitoring the voltage signal over a substantial period
of time, interruptions oY substantial frequency
variations may occur by which 1t can be i1nferred whether
the power source 1s a fossil-fuel-powered AC Dbackup
generator or the commercial electric power grid.

As another example, a voltage signal exhibiting

significant frequency variations over time and often
exceedlng 60 Hz i1indicates an AC wind-driven power source.
A low-frequency (e.g., less than 1 Hz) or DC voltage

indicates that the power source 1s either a solar panel,

a fossil-fuel-powered DC backup generator or a DC wind-
driven power source. By monitoring the voltage signal
over a substantial period of time (e.g., over a day and a

night), 1nterruptions or voltage variatlions may occur by

which i1t can be 1inferred whether the power source 1s a

solar panel, a fossil-fuel-powered DC backup generator or
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a DC wind-driven  power source. Based on the
characteristic, perhaps sensed over time, the source
recognition clrcuit 320 1s configured to recognize the

type of the power source and provides a signal indicating

the type.

The 1llustrated embodiment of the wodule 300 1is
contigured for use 1in systems 1n which disparate types of
power sources have priorities. Accordingly, a priority
determination circuit 340 1s coupled to the source
recognition c¢ircuit 320. The priority determination
circult 340 1s configured to receive the signal from the
source recognition circuilt 320 that indicates the type of
the power source and determine a priority that the power

source should have based on the signal. As stated above,

'power derived renewable energy sources are likely to have

a higher priority than emergency power, power derived

from fossil fuel or power that needs to be purchased
(1.e., the commercial electric power grid). The priority
determination circuit 340 1is further configured to
provide a signal 1ndicating the priority.

In the 1llustrated embodiment, priority is carried

out by assigning nominal relative output voltages to the

DC-output converters. In the 1illustrated embodiment,
power from disparate sources 1s combined in a DC bus
using diodes coupled to the outputs of the power
converters corresponding to each source. In this
embodiment, power sources are prioritized in the relative
converter output voltages. A converter assigned a higher
output voltage naturally causes that converter to supply
more power to the DC bus 102 than another converter

having a lower output voltage.

For example, 1f the DC bus 102 18 nominally a 48 V

bus, a first converter may be assigned to operate in a
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range around a nominal 48.1 V output voltage, a second
converter may be assigned to operate 1n a range around a
nominal 48.0 V output voltage, and a third converter may
be assigned to operate 1n a range around a nominal 47.9 V

output voltage. In this example, the first converter

wlll naturally provide power to the DC bus 102 until it
elther reaches 1ts current 1limit and output voltage
begins to decrease. When the output voltage of the first

converter reaches 48.0 V, the sgecond converter will

likely begin to contribute power to the DC bus 102.
Likewise, the first and second converters will share the
burden of providing power to the DC bus 102 until their
output voltages decrease to 47.9 V, at which point the
third converter will likely begin to contribute its power

to the DC bus 102 as well. Those gkilled 1n the art will

understand that 1f any of the power sources 1is

interrupted outright, 1ts c¢orresponding converter will

stop contributing power to the DC bus 102, and other

converters will make up for the lost power. In a well-

designed system, the converter having the lowest output

voltage (1.e., the lowest priority) i1is assumed always to

be available to provide power to the DC bus 102.

A parameter selection circuit 350 1s coupled to the
priority determination circuit  340. The parameter
selection circuit 350 1s configured to select operating

parameters appropriate for converting power received at

the power 1nput 310 to a form appropriate for the DC bus
102 (1.e., based on the type recognized by the source
recognition circult 320). In the i1llustrated embodiment,
the parameter selection circult 350 also selects

operating parameters based on the priority determined by

the priority determination circuit 340. For example, if

the gsource recognition circulit 320 determines that the
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input power 1is DC power provided by a solar panel, the

parameter selection circult selects operating parameters

appropriate for DC-DC conversion. Further, because solar

energy typically has a relatively high priority, the

operating parameters are likely to call for the module

300 to have a higher output voltage.

In an alternative embodiment, priority 1is carried

F

out by setting relative current limit points of the DC-

output converters. Those skilled 1in the pertinent art

are familiar with current 1limit control and how current

limit control can be carried out to effect load sharing
and, by extension, priority. Those skilled in the
pertinent art will also understand that other techniques
may be employed to establish load sharing and priority.

A converter controller 360 1s coupled to the

parameter selection circuilt 350. The converter

controller 360 1is configured to provide drive signals to
an 1solated DC-output converter 370 in accordance with
the operating parameters provided by the parameter
selection circuit 350. The converter controller 360

typically receives signals (e.g., voltage, current or

r?

temperature signals) back from the isoclated DC-output

converter 370 that allow it to adapt its control to

accommodate changing circumstances (e.g., changes in

1nput or output voltage or current). Those skilled 1in

the art are familiar with various converter topologies

capable of converting DC or AC input power to DC form.

Therefore, the operation of the isolated DC-output

converter 370 will not be further described herein. It

| ——

should also be noted that the converter controller 360 is
coupled to the oversight bus 107. This allows the
converter controller 360 to provide signals indicating

1ts status and/or operation to the system oversight
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controller 106 of FIG. 1 and/or receive command signals
from the system oversight controller 106 that can alter
the operation of the converter controller 360.

Many of the above-described circuits may be embodied
as discrete or 1integrated circuits (“hardware”) or as a
sequence of i1nstructions (“software” or  T“firmware”)
executable on a general-purpose processor to carry out
desired functions. The scope of the invention includes
all such embodiments.

As stated above, the modules 1in a given system
galvanically 1solate the disparate types of power sources
from one another and the DC bus. Accordingly, the module
300 provides galvanic isolation. In the 1llustrated
embodiment, the 1solated DC-output converter 370 provides

gy

1solation in the form of a transformer (not shown) having

distinct primary and secondary windings, forcing power

transfer to occur via the transformer’s magnetic field.

In alternative embodiments, isolation is provided outside
of the converter 370 and/or by conventional or later-
developed galvanic isolation technigques other than
magnetlic field-based techniques.

In the 1llustrated embodiment, the DC-output

converter 370 includes a DC-DC resonant stage (not shown)

coupled to a secondary winding of the transformer. The

DC-DC resonant stage 1s configured to employ zero-voltage

switching to minimize switching stress and power
dissipation. The 1llustrated embodiment of the DC-output
converter 370 also 1ncludes a boost stage (not shown)

coupled to a primary winding of the transformer. The

boost stage 1s configured to adjust a power factor of the

power and accommodate any voltage difference that may

exlst between an operating voltage of a renewable power

source coupled to the power input 310 and the optimum
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input voltage of the DC-DC resonant stage. Those skilled
in the art are familiar with DC-DC resonant stages, zero-
voltage  switching, boost stages and power factor

P

adjustment. A general discussion of these will therefore

not be undertaken herein.

As stated above, the 1llustrated embodiment of the

system employs diodes to combine the power from the

disparate sources. In the 1llustrated embodiment, each
module 300 1n a given system 1incorporates a diode for
that purpose. Accordingly, FIG. 3 shows a forward-biased
diode 390 coupled to the output of the 1solated DC-output
converter 370. The diode 390 1s forward-biased to
attenuate substantial currents before they can enter the

module 300 from the DC bus 102. This not only

substantially prevents one converter module from

providing power to another converter module, but at least

partially prevents fault currents (e.g., transients

resulting from lightning strikes) from propagating into

the module 300 and further at least partially prevents a

malfunctioning module from draining power from the DC bus

102.

Alternative embodiments employ a relay, a field-

effect transistor (FET) or other type of controllable
switch to combine the power from the disparate sources.
Those skilled 1n the pertinent art understand that
various conventional and later-developed devices or
clrcults may be employed to combine the power from the
disparate sources and therefore fall within the broad
scope of the 1nvention.

Turning back to FIG. 1, the operation of the
illustrated embodiment of the system oversight controller
106 can now be described more fully. As stated above,

the 1llustrated embodiment of the system oversight



10

15

20

25

30

CA 02708001 2010-06-18

LINE-0O0021CA - 18 -

controller 106 may be capable of determining when a
particular converter module 1s malfunctioning and, 1n

some embodiments, substituting another module for the

malfunctioning module. In wvarious embodiments, the
system oversight controller 106 1s also configured to
monitor the DC bus 102 to regulate 1ts wvoltage. In
certailn other embodiments, the system oversight
controller 106 1s configured to monitor the 1isolated

converter modules 10la, 101b, 101lc, .., 101n to ensure

that they are not exceeding their current 1limits or
operating at excessive temperatures. The system

oversight controller 106 may also be configured to

monitor the 1solated converter modules 101la, 101b, 101lc,
.., 101ln to determine whether or not the priorities are
proper. The system oversight controller 106 may
alternatively or further be configured to generate
operating 1logs and/or maintenance or warning signals
indicating conditions that need attention. The system
oversight controller 106 may provide the operating logs
and/or maintenance or warning signals via a network
connection for remote storage or receipt. Those skilled
in the pertinent art will understand that the system
oversight controller 106 may be employed to perform
alternative or additional functions from which a
particular application or installation may benefit.

FIG. 4 1s a flow diagram of one embodiment of a
method of combining the outputs of multiple, disparate
types of power sources. The method begins 1n a start

gri—

step 410. In a step 420, types of each of multiple power

sources 1s recognlized. In a step 430, priorities for the
power sources are determined. In a step 440, operating
parameters are selected for DC-output converters

corresponding to the power sources. In one embodiment,
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at least some of the operating parameters are based on

the priorities for the corresponding power sources. In a

step 450, the DC-output converters operate to convert
power to DC form according to the converter controller
parameters. In a step 460, the converted power 1s
combined 1n a common DC bus. In a step 470, oversight 1s
provided to the system. In a step 480, power 1is provided
from the common DC bus to a load. DC power may be
provided (1) directly to a DC 1load, (2) through a DC-DC
converter to the DC load, or (3) through an 1inverter to

an AC load. The method ends 1n an end step 490.
Those skilled in the art to which this application

relates wilill appreciate that other and further additions,

deletions, substitutions and modifications may be made to

the described embodiments.
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WHAT IS CLAIMED 1IS:

1. A system for combining the outputs of multiple,
disparate types of power sources, comprising:

a plurality of 1isolated converter mwmodules having
power 1nputs couplable to corresponding disparate types
of power sources and a DC-output converter configured to
convert power recelved from at least one of said power

sources to DC power; and

a DC bus coupled to power outputs of said plurality
of 1solated converter modules and configured to receive

and aggregate said DC power.

2. The system as recited 1n Claim 1 wherein at

o

least one of saild plurality of isolated converter modules

1s configured to recognize a type of power source based

on a characteristic of power recelved therefrom, select
operating parameters according to which said power 1s to
be converted and then convert said power to DC 1n
accordance with saild operating parameters.

3. The system as recited 1in Claim 2 wherelin at

F

least one of said plurality of isolated converter modules

1s further configured to determine a priority that said

type of power source 1s to have and select at least one

of sailid operating parameters based on said priority.

-3

4, The system as recited 1in Claim further

comprising a system oversight controller coupled to said

P

plurality of 1solated converter modules and configured to

monitor and supervise sald plurality of isolated
converter modules.
5. The system as recited in Claim 4 wherein said

system oversight controller 1s further configured to

detect when one of gaid plurality of isolated converter
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modules 1s malfunctioning and automatically substitute a
standby converter module therefor.

6 . The system as recited 1n Claim 1 further
comprising a rack having shelves configured to support
sald plurality of isolated converter modules.

7. The system as recited in Claim 1 wherein each
of said plurality of 1isolated converter modules has a
diode coupled between said DC-output converter and a
power output of said each of said plurality of isolated
converter modules.

8 . An 1isolated converter module, comprising:

a power input;

a source recognition circult coupled to said power

input and confilgured to recelve a g8ignal Dbased on at
least one characteristic of power received via said power
input and recognilize a power source type based on said at
least one characteristic;

a parameter selection circult coupled to said
priority determination circult and configured to select
operating parameters based on said power source type;

a converter controller coupled to said parameter

selection circult and configured to provide drive signals

in accordance with saild operating parameters;
a DC-output converter coupled to said converter
contreoller and confiligured to receive sald drive signals

and convert said power to DC form; and
a power output configured to receive said power
converted to said DC form from said DC-output converter.
9. The 1solated converter mwmodule as recited in
Claim 8 further comprising a priority determination
clrcult coupled to sald source recognition circuilt and
said parameter selection circuit and configured to

determine a priority that a power source corresponding to
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sald power received via said power 1input should have,
sald parameter selection circuit further configured to
select at least one of sailid operating parameters based on
sald priority.

10. The 1scolated converter module as recited 1in
Claim 8 wherein said at 1least one of said operating

parameters 1includes an output voltage of said DC-output

converter.
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