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TECHENICAL FIRLD

[0001]  This disclosure generally relates to power transmission networks. More
specifically, this disclosure relates to operating a DC power system from one or more AC or DC
power generators. Even more specifically, this disclosure relates to regulation of energy transfer

between an AC and DC power network.

BACKGROUND OF THE INVENTION

[0002] Power transmissions networks can be made of AC systems, DC systems,
or a combination of the two. AC power networks have conventionally been used throughout the
world. However, DC power networks have certain advantages. DC power networks are easier to
design and implement because they introdnce no reactance into the power system. Higher
efficiencies from generators can be achieved in DC systems because only real power is
transmitted.  Additionally, parallelization of power supplies is simple because the operating
frequency of DC power supplies is O Hz. Therefore, no synchronization is required when

additional supplies or loads are brought onto the network.

[0003] The conventional use of AC power networks is a result of the ease of
transmitting AC power over long distances and handling voltage changes using transformers. -
However, over short distances, such as those in isolated environments, a DC power transmission
network could be beneficial for the reasons previously explained. High-power generafors
available today typically produce AC power. Therefore, operation of a DC transmission network

powered by AC generators requires conversion from AC to DC and vice versa.

[06004]  Reliable operation of a power network is a critical element of many
electronic systems, for example, on drilling platforms or vessels to operate onboard thrusters,

Drilling vessels are not anchored in the ocean but are dynamically controlled to maintain a
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[OOOZ]POwer transmissions networks can be made of AC systems, DC systems, or a combination of
the two. AC power networks have conventionally been used throughout the world. However, DC power
networks have certain advantages. DC power networks are easier to design and implement because

they introdueegnmigasiance into the power system. Higher efficiencies fropagengisiois:gan be
achieved in DC systems because only real power is transmitted. Additionally, parallelization of power
supplies is simple because the operating frequency of DC power supplies is 0 Hz. Therefore, no
synchronization is required when additional supplies or loads are brought onto the network. [0003]The
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operation of a DC transmission network powered by AC generators fequires tonversion
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vessels are not anchored, in the ocean but are dynamically controlled to maintaina WO

2010/05E485P OB e MEEH g lecoupled and recoupled after the power supply is restored and the
position of the drilling vessel is corrected.

[0005]  Ouve method of facilitating a reliable power supply is to utilize a DC bus
for powering thrusters and other components. Such a power transmission system is
demonstrated in FIGURE 1. In such a system, the power supply is generally made of AC
generators coupled to an AC-to-DC converter. The AC-to-DC converter places power from the
AC generators on an intermediate DC bus. The intermediate DC bus may be augmented with
DC generators or a battery backup system. Each motor or thruster, as well as other devices
utilizing the intermediate DC bus, on board the drilling vessel is coupled to the intermediate DC

bus through a DC-to-AC converter.

[0006] FIGURE 1 is a block diagram illustrating a conventional DC voltage bus
coupling multiple AC voltage generation systems to various loads. Power system 100 includes
generators 102, Generators 102 couple to AC bus 104 through isolators 106. Isolators 106 allow
generators 102 to be removed from the bus when they are not needed or are malfunctioning, AC
bus 104 couples to transformer 108 to condition the power for transmiseion to line 110. AC-to-
DC converter 112 couples to line 110 and converts AC power to DC power for output onto
intermediate DC bus 120. Coupled to DC bus 120 are DC-to-AC converters 130. DC-to-AC
converters 130 convert DC power to AC power which most components are designed to use.
Coupled to DC-to-AC converters 130 is line 132 to which loads may be connected, Motor 134 is
coupled to line 132, and motor 134 could be, for example, a thruster. Additionally, transformer
135 is coupled to line 132 to condition power for load 136. Load 136 could be, for example, a
light bulb,

[0007] There are several methods for implementing the AC-to-DC converter

necessary for placing power from the AC generators on the intermediate DC bus. These methods



desired position in the ocean. Thrusters are used to maintain a position within specified tolerances of a
drilling apparatus, Thrusters are propeller drives which can have variable rotation speed arid azimuthal
angle of the blades. These thrusters are operated by a power supply onboard the drilling vessel. Any
failure of theypgwenzypply can lead to displacement of the vessel out of thetolerancasakthe drilling
apparatus. In such a case, the drilling apparatus would need to be mechanically decoupled and
recoupled after the power supply is restored and the position of the drilling vessel is corrected.
[000510ne method of facilitating a reliable power supply is to utilize a DC bus for powering thrusters

and other comgvggﬁpts. Sulch adg)ower tr?s |SS|(gi1%§eysterﬂ is demon%trated in FIGURE 1. In such a
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cycle. Diodes 204, diodes 206, and diodes 208 are coupled between the AC source 202 and the

DC bus 210. Capacitor 212 is coupled to the DC bus 210 to average voltage ripples on DC bus
210. While rectifier 200 is shown as a single rectifier arrangement, several individual
arrangements of one power capacity may be placed in parallel to create a rectifier 200 with a

higher power capacity.

[0009] Diode rectifiers are commercially available from various vendors or can
be constructed by arranging individually-purchased diodes. The advantages to diode rectifiers
are the low cost of the components. Individual diodes and complete rectifiers are relatively
mexpensive for high-power configurations, i.e., several megawatts (MW). Diodes are also
relatively small devices compared to other available solutions at an equivalent power load.
Diode rectifiers, however, have no ability to regulate the output voltage or current. Additionally,

they only conduct in one direction.

[0010]  As aresult of the inability to regulate output voltage or current from diode
rectifiers, SCRs, also known as thyristor rectifiers, have largely been used in their place.
FIGURE 3 is a schematic iﬁustréting a conventional arrangement of SCRs for three-phase AC—
to-DC conversion. SCR pack 300 accepts input from three-phase AC source 302, SCR pack 300
includes SCRs 304 for converting the first phase, SCRs 306 for converting the second phase, and
SCRs 308 for converting the third phase. Each individual SCR includes a gate terminal 305 for
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conventionally employ the use of either diodes, silicon-controlled re(SCRs), or .transistors, 1000810ne
apparatus for AC-to-DC power conversion is a diode rectifier (of a diode pack). The are several forms
of diode rectifiers commonly known. One typical diode rectifier is a full-wave diode rectifier. The AC

power systems: ongidling vessels typically utilize a three-phase waveformpgyghibaldsiydiode
rectifier configuration is typically used. Diodes conduct current only when the voltage at the anode of

the diode is greater than the voltage at the cathode of the diode. FIGURE 2 is a schematic illustrating
a conventional diode full-wave rectifier for three-phase AC power. Diode rectifier 200 accepts input
from three-gQase ACts;%urcg 2. The rg(:‘éi‘fier 200 includes diodes 204 for rectifying the first phase,
diodes F06 ot feCtiiying e secona Prase ARy F&B%?iﬁ%%%r%%ﬁ@’?ﬁgﬂf IstL o diodes
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rectifiers are commercially available from various vendors or can be constructed by arranging
individu&fi§2piifchased diodes. The advantages to diode rectifiers are the low cost of the components.
Individual diodes and complete rectifiers are relatively inexpensive for high-power configurations, i.e.,
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SCRs for three-phase ACto-DC conversion. SCR pack 300 accepts input rom three-phase AC source
302. SCRYEclegbHEriIeY SEREBJuTTos EoRRAHIN dtHe Mo phaxie s CRIBOB Y comefting the
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[06022]  Transistors offer yet another solution for AC-to-DC power conversion.
FIGURE 4 is a schematic illustrating a conventional arrangement of transistors for three-phase
AC-to-DC power conversion. Transistor pack 400 accepts input from three-phase AC source
402. Transistor pack 400 includes transistors 404 to convert the first phase, transistors 406 to
convert the second phase, and transistors 408 to convert the third phase. Additionally, diodes
405 are coupled on both sides to transistors 404 to protect transistors 404 from damaging
voltages which may develop across transistors 404 and complete the power transfer circuit. This
setup is repeated for diode’s 407 coupled to transistors 406 and diodes 409 coupled to transistors
408. Inductors 403 condition the power before reaching transistors 404, transistors 406, and
transistors 408, Transistors 404, transistors 406, transistors 408 are coupled to AC source 402
and to DC bus 410. Capacitor 412 is coupled to the DC bus 410 to average ripples on DC bus
410. While transistor pack 400 is shown as a transistor arrangement, several individual
arrangements of one power capacity may be placed in parallel to create a transistor pack 400

with a higher power capacity.

[0013]  Transistors possess faster switching characteristics than SCRs as well as
the ability to control on and off timing, making them a better solution under transients resulting
from real loads. Additionally, transistors allow power flow in both directions through the

converter. This allows power to be moved back from the DC bus to the AC bus, It is typically
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WO 20101056455PCMIS2009/060786 accepting input. Two SCRs are needed in each case to
produce output from both the positive AC cycle and the negative AC cycle. SCRs 304, SCRs 306, and
SCRs 308 are coupled to AC source 302 and to DC bus 310. Capacitor 312 is coupled to the DC bus
310 to average ripples on DC bus 310. While SCR pack 300 is shown as a SCR arrangement, several
individual arrangements of one power capacity may be placed in parallel to create a SCR pack 300
with a higher power capacity. [0011]Outpu.t current may be regulate-4 in the SCRs by controlling
through gate terminal 305 when in the AC cycle they turn on. SCRs also offer the low cost, small size,
and reliafsiigiasf Godestintpdrefisavanted)coof SBRgi¢sithe b desesivitabrivad dirvebindtentarge dedar in

synclu-omizatiap:yith dhr AGRRWES SHRRIES Asid reswbibexsaenntiualtsuitgd4ehangdle the power

load chaQ es ex (f,ur(i)%a?ed dusgpogsigrsetgbililg indiiahe ower system. Additionally, once the RIR is turned
on through gate ermma?f’ﬂ?g, it may notbetlirned oft throne-11 gate terminal 1115. [0012]Transistors

offer yet another solution for AC-to-DC power conversion. FIGURE 4 is a schematic illustrating a
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third phase. Additionally, diodes 40ga1ereMRIRH o fides iR ransistors 404 to protect transistors
404 from damaging voltages which may develop across transistors 404 and complete the power
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the voltage on the DC bus. The microcontroller can also be configured to regulate current flow through
the set of one or more transistors and the set of one or more diodes such that substantially all power flows
through the set of one or more transistors when the power load of the DC bus is within a first power
range. The set of one or more transistors can have a first total power capacity and the set of one or more
diodes can have a second total power capacity, where the first total power capacity is less than the second
total power capacity, and which the first power range can be between zero and a level dynamically
chosen, in part, based on the first total power capacity. The apparatus can also include a set of one or
more power consuming or storing devices; and a switch coupled to the DC bus and to the set of one or
more power consuming devices, in which the microcontroller is further configured to regulate power
transfer to the set of one or more power consuming or storing devices. The set of one or more power
consuming devices can include resistors. The set of one or more power consuming devices can include
capacitors. The set of one or more transistors can includes one or more transistor packs, each transistor
pack configured to operate as a separate unit. The apparatus can also include: a switch arranged between
the AC bus and one of the transistor packs such that the transistor pack is not directly coupled to the AC
bus, the switch coupled to the AC bus, an AC load device, and the transistor pack, in which the switch is
configured to alternatively couple the transistor pack to the AC bus or the AC load device; in which the

transistor pack is configured to perform AC to



converter, This allows power to be moved back from the DC bus to the AC bus. It is typically required
that multiple transistor-based conversion devices be placed in parallel to handle large loads.
Transistors are expensive devices relative to diodes and SCRs and occupy significantly larger
amounts of space. Additionally, transistors are fragile and break easily. [0014]Thus, there is a need for
a power system that has the fast switching capability of transistors and the low cost, durability, and
small footprint of diodes or SCRs. BRIEF SUMMARY OF THE INVENTION [0015]An apparatus for
interfacing an AC bus and DC bus includes: a transformer coupled to the AC bus having at least a first
output amf IEeOPRI LIt VA WP A dohmdFebiraArister PEobip edd dotherfirst BGtpetdhdosstupled to

the DC husyasat hanagidne eéivdess senacaie framitheset of one or more transistors, coupled to
the second output and coupled to the DC bus; and a microcontroller coupled to the set of one or more

ansistors configurig reoulate, e AUTEENLIMLINIUONANG SSLPERNG, o Mpre ransistors, and (o
regulate the current flow through'the set of one or more diodes. The microcontroller can be configured
to regulatevplpdeiet the odgHisehesingf ¥ricast mbret diviius dnd regetatidptiieutoitagednnther BGrbuUs. The

microconoliehCan,iRa ReGORAUISALAIE AR ey Ao irongh she sehat e ormare.

transistors and the set of one or more diodes such that substantially all power flows through the set of
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power capacity, where the first total power capacity is less than the second total power capacity, and

which the first power range is between zero and a level that is dynamically chosen, in part, based on the

first total power capacity. The apparatus can also include: a set of one or more power consuming devices;

and a switch coupled to the DC bus and to the set of one or more power consuming devices, in which the

first microcontroller is further configured to reguiate power transfer to the set of one or more power

consuming devices. The set of one or more power consuming devices can include resistors. The set of

one or more power consuming devices can include capacitors.

[0017] A method for interfacing’a DC bus with a transformer coupled to an AC bus
having a set of one or more generators includes: coupling a set of one or more transistors having a first total
power capacity to a first output of the transformer and to the DC bus; coupling a set of one or more
diodes, separately from the set of one or more transistors, having a second total power capacity to a
second output of the transformer and to the DC bus; and regulating current flow through the set of one or

more transistors and the set of one or more diodes such that substantially all power flows through the set of

one or more transistors when the power load of



DC power conversion when coupled to the AC bus and the DC bus and to perform DC to AC power
conversion when coupled to the DC bus and the AC load device. [00161An apparatus for interfacing
an AC bus and DC bus includes: a transformer coupled to the AC bus having at least a first output and
a second output; a set of one or more transistors coupled to the first output and coupled to the DC bus;
a set of one or more SCRs, separate from the set of one or more transistors, coupled to the second
output and coupled to the DC bus; and a first microcontroller coupled to the set of one or more
transistors configured to regulate the current flow through the set of one or more transistors and to
regulate e Rriatit BoWithrot dhstheosst sfsise BhersirelSORY. Plad fipstemirpeciontiolebstatidis
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pack, in which the switch is configured to alternatively couple the transistor pack to the AC bus or the
AC load device; in (0f1éh theAnansistorspiackrisdandig anetiGdperforMARItarldGdpowearasforaraion when
coupled [ b t rf, AC power canversion when coupled to
the DC ki?g% ﬁﬁ%e%c%%%dpg%[\}%ﬁ@hgpgg&fgtug%{;r?ug@g iarl\gc:(ilu e?ezgosnecé)ﬁ# g%i/it%hsezrrogn(é%d
betweerctHeoG pssseridcaustedon dhe Aissb owpuir afh Shst drapsiorserid toaplivetsgoond transistorpack is
not direcily 6PHRIEGER the AfaRyR il SWiich SuRlahie thgffsRus, an AC load device, and the
second transistor pack, in which the switch is configured to alternatively couple the second transistor
pack to the AC bus or the AC load device; in which the second transistor pack is configured to perform
AC to DC power conversion when coupled to the AC bus and the DC bus and to perform DC to AC
power conversion when coupled to the DC bus and’the AC load device.



[0019]An apparatus for interfacing an AC bus and DC bus includes: a transformer coupled to the AC
bus having at least a first output and a second output; a set of one or more transistors coupled to the
first output of the transformer and coupled to the DC bus; a set of one or more SCRs, separate from
the set of one or more transistors. coupled to the second output of the transformer and coupled to the
DC bus; and a microcontroller coupled to the set of one or more transistors configured to regulate the
current flow through the set of one or more transistors and to regulate the current flow through the set
of one or more SCRs, The microcontroller can he configured to regulate current through the set of one
or more SCRIBY fegyeteditth ah@wWoade drankomeEr ud. cPhrahicrdeo Ioliey, cah bercorfigurid to

regulate Gupient It ErUahHNESELAlRRGUoMRIEl ANSISIRLS RIS AL TRRGP RIS SHRS such
that substantially all IEower flows thr?ugh the set of one or more transistors when the Eower load of the

DC bus i& Wit BHPECFo 0 Yarge he' e s BFBn a8 MisHelrdifidtord ©2f ARRE msRiotal ower
capacityraiaththeiroitrofan dcormibger SCR sreartpraveras ebonghtotfizd petvelr capacitpowh8e®¢heyfirst total
power capagibhis iessdhar hie seaendiRtal RRVEIRRBAHYe- AR Whiehh G St PAMaLERRgR P

between zero and'ﬁl level that is dynamically chosen, in part, based on the first total power capacity.
The appAratuLeaKafls HRIGHENS <ot BYEna BF Wte BOWEF Shatinfihy BF SoHng v Eist; 4RH o
switch ceupledtitdyhadl Cwudlawmsl toshghsik ofeorré onamorenpewemsisnetnwhen dbvipesginlvahioh the
rnicrocopfgober infustheh£ONHPUrEEIQ reasHate ROWEL ARSI G SekRtORR AL DA & ROWE

consuming or storing' devyices. The set of one or more power consumijng devices can include resistors.
r

The set BY 8fe BPIABr&BollerEofsGRTing M85 ta i dtite e AsaRto Rl Y St BrsHe Shfffore
transistotts clrstirfcleideosiae apmityeitraemsiston phcksceatharhnsister paekitcorfigurédhotbpdhate as a

separate,bpil: THeARPRAILS CRIvalSE INGINAE nasWiteharanged.Belvesnthe AGPYs and gre of the
transistor packs such that the transistor pack is not directly coupled to the AC bus, the switch coupled
to the A %Eé’,oﬁ’ﬁrAcép%% deVic PR th & ST i . fﬁtVVﬁiE?Hetf?é BRAtCRIY CorMgUrEts o
alternativeijmeodptethie drdnsistorchackupdetheoABeb I obihenliCtinabledeatiod; imaviicmthe fransistor
pack is copfighsad 4o RerfarmAGH o GrRowskraRYesianuhes.sorRled todhe, AG bis and.the DC

vigue

bus and to %erform DC to AC power conversion when coupled to the DC bus and the AC load device.

10020,18n Bpp&ratug o intetadiRg arf WEBLRE SRS bUs MHiehudesia rais i BSHpR T the AC
bus havisrganieastevfirst utputakdresisecondlibetputot set of omecopenerectransisioiddoespled to the
first outpytiRhthesreRsormer andgosrled dhedtitus: as8hal@neRr JPore oG RSHSeRAMLe from

the set of one or more tgnsis ors, goupled to the second output of the transformer and coupled to the

DC bus; BfH TR ThiRISE SATETEF c U RTHS e sEParRENE"Yr more HRAGELRRLARAgE Y To fegulate
the curremtftbvartiangedyhetiveesethof AR wr mdrenyarisistorsranthtpadgulats thet chierentsitow thebugh the

set of ong gEmRLISCRe1ING fifst Adicsecontralietcan ke eonfiguigd leguiate pYiranytbraHgh the

set of on§ or mare SCRs by regulating the voltage on the DC bus. The first microcontroller can further

regulateS @UFPBHEThRSER THEPE: BF oL SR SRS ISy LSHEBNRRY TP gl HHesPags frhe
apparatubkecal aiso imchedéCalsstdadanidnostivirofher icowipled tockhe enefignmmbre S@Re; iAGvhich the

first micrgeoptralierseamRtE VR eRiBioNI g Gal.of hemy HEres GRS BYRignalingthe second

microcontroller. The microcontroller ci;m be cong)gured to regulate current flow through the set of one
or more BFAHSISTBYETSIAY YRS SBERIFLIREPSIIHEHE SRS 8GR SSbstantially all power flows through

the set of one or more transistors when the power load of the DC bus is within a first power range. The
set of one or more W8¥istordtcapriraive fofiistadeinpowdrcapaeiy BhdbiseimdudstondrarsfonerSCRs

can have,5RA0Rs! IREAWROWEE GaRaLilL WRsLe shedrshinsal Rawes %%eaﬁtyﬂlﬁﬁﬁasmp the,gecond

total power capacity, and which the first power range is between zero and a level that is dynamically

chosen,  Har¢, Hasis@s fodeirst st ArpoRvE s by anpomps et rewpiad sbamiuie; asstebf one or

more PoyRr CRRSURRG deviees; apshadwitghapupied tosthe RBE bysand,fo the,zet of ARRFMore
power consuming devices, in which the first microcontroller is further configured to regulate gower

transfer f6HMEILERT SRS FHBHS e rapHetmangdaorrid e D& Brsorkd! grimbricHsarolshsuming
devices canintiode sesisivksortheseinianconfnare powelconsumieg devicesuemingudene

capacitogs {002 Hv Mo 1B JaHRGINI ARG BYR WIALAROSIPUPSLEQURIEE Rl AnOYs:

microcontroller can be configured to regulate current through the set of one or more SCRs by regulating

the voltage on the DC bus. The first microcontroller can further regulates current
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having a set of one or more generators includes: coupling a set of one or more transistors having a
first total power capacity to a first output of the transformer and to the DC bus; coupling a set of one or
more SCRs, separately from the set of one or more transistors, having a second total power capacity
to a second output of the transformer and to the DC bus; and regulating current flow through the set of
one or more transistors and the set of one or more SCRs such that substantially all power flows
through the set of one or more transistors when the power load of the DC bus is within a first power
range; wherein the first total power capacity is substantially less than the total power capacity of the
set of onBGPEACRS §einel s orTRertirSEBsVDEr tentigtiearihsezsisic efetheab st ihparppterssrrespond to
the powellsangaudewhickethe anrratbsysiRm cyupieh ibclidestheonaRr BN ganeiatrrsdhgAC bus,
and the DC hus..is, known.to be less stable. The first power range c e between zero and a Jevel.
The Ievepégﬁcgrgrsu%rafﬁ L Ve Igge@ﬁ,%oﬁglﬁt,t%%gg% dgnotrﬁe first0ta %c%vﬁ?’ CHBECRS. PRe’TSUM can be
dynamicalgesagenctin g, Bisseaiviie @apheispuianedorte iseueer ccyeeme rifor sthitielr gyl lsting
current flgtvosteprcaniineluda teguatingevaltage &R the R busrI hesmetbodueannalsy inglydeecoupling,

through a switch, the DC bus_ to a set of one or. more power consuming or storing. devices; regulating
current f%?/\‘/v%hgg%% t % St Of Ohe Br Mmore Power Sccv)vr%ﬁ rﬁ?}%do %\?egto?f‘rﬁ%oéret%?c@gg whersthaBBer load
of the DEBUBIEAB#RES- \WEF 261 0f0B6455PTT 'oBHOB0P86havsec s lewkipoftve emedihddeddican be
dynamicadly hesery impartsorsedonihe firsictatakpansswapagityJ00dRlA RppAaiks fobie to DC
and DC to %CCIZt QWer c g}llet{]%iosgcignc({utg{e?: a v§e%t of one or more tﬁa%si%w{ gacks, each. trsnsistor pack
configUreapto perate as a separate unit cgup‘fe(fal% A ALDULahd s 08E SitEna r%m&eéld
betweenZ#ie A pUsvahthdrie ernpmieedistbesepaekasdubisehanttibetimsiotor pak isapasittlirethly
coupled tghienA Gdausisshiasiiéch ceupleshtodha i Javs: aBriiminadidedse.rng thadransistar pack,
in which tt(p(;nséw' Eh %}chgitiigt%rﬁgetos e%Itginéaryeveolly gl%lrjéoleowg_ trggssuistor pglck to the A]g; lﬁu?or he AC
load device; in which the transistor pack is configuredpto performl}g\lagto ﬁ'&eﬁ’oé\?erwcbcnvé &iohvhen
coupled A siahdtise pafisusdnie teperfoPrvBICHEesKC jsotbersebniersionr wiven powpled to
the DC husssanghtheeficedoathdamicer The @pparapsweaboatemincludesd sacand.switchan-anged
betweenstiggf%r% Q}Jsoarlgdogv S%ng‘ud onedgjitgecgrnaﬂ\lgis or acl§s such that the second transistor pack is
not directfy coupled to the AC %us?]tlﬁg SWitch coup ed to the AC bus, an AC load device, and the
second transistor pack, in which the switch is configured to alternatively couple the second transistor

pack to the AC bus¥PHe A BsdUebrcBisHaRIRCh [ite s cBitl raasiesmpaeruRlebisfigufcdttes perfthin
AC to DGRawES @POVeksigmWhRescauplethinthe Afphks 204 dhenP6r Bisseandsiareriaim RDeto AC

power conversion when coupled to the DC bus and the AC load device. [0023]An apparatus for use in
with an AC2LRIETAEARAN K& IE%,OWE%@‘BH@?&‘H?G&@% R dhsitoPracruebAsgure Qi85 kolin
AC-to-D@@eBERSGopatadN R0t DE da-Gpoviahcrnvaisiansihawansistonpask ncluding.atjeast a
first inpu;[ and a sgcondtin[gltl}tl; atlfirs¥ switch ou%eg(&o the AC gegsifr%ator, the AC load, the DC bus, and
the first input of Be AN SatoF o AR R SRSt Ar Ao BY 1SR GRe shat Y Mvebithsctidnsistor
pack to thiee ACrgeneratiotgrthrmd\Gelozdf onthe DEeAER scswdcthadssvitohatiyutil edvier tievAGrgeerator,

the AC logdsdher Bfte BHsROE dhesecadinRubalihesapsiaopeasls e secongswitehiajanged to
connect the S.ectggrij]ﬁlnlg)ut of the transistor pack to the AC generator, the AC load, or the DC bus; and a

rnicrocontroifet YUY Th ALY i SRR A R 3 B\ R PR SLbp R LAER O
connect theecfirst agrdesgensnd inputs oflihe trafisistor pewokeso thaktige transistor paek mayetordert AC

power frgmdhe AGHENETIREID RGP AWES LR e RGP AN thiOH 1B A1S§ERRH DSANGRIIRRIMEt the
first switch and the second switch to connect the first and second inputs of
one or more generators, the AC bus, and the DC bus, is known to be less stable. The first power
range can be between zero and a level. The level can be dynamically chosen, in part, based on
the first total power capacity. The level can be dynamically chosen, in part, based on the
capacity of the one or more generators. The regulating current flow step can include regulating
voltage on the DC bus. The method can also include: coupling, through a switch, the DC bus to
a set of one or more power consuming or storing devices; regulating current flow through the set

of one or more power consuming or storing devices when the power load of the DC bus is above



WO 2010/956455PCTMS2009/060786 the transistor pack so that the transistor pack may convert DC
power from the DC bus to AC power for the AC load. The microcontroller may be configured to instruct
the first switch to connect the first input of the transistor pack to the AC generator and instruct the
second switeh teieemaett the second .input of the transistor pack to the B gseswadiasshe transistor
pack may convert AC power from the AC generator to DC power for the DC bus, and may he further
configured to instruct the first switch to connect the first input of the transistor pack to the DC bus and
instruct the second switch to connect the second input of the transistor pack to the AC load so that the

ansisto oagk Y CHEILIG AGPLIIN UGRGAHS BAGPMELIoL IR A 10ad 09agIA method

for using a transistor pack capable o perfor ng AC- t -DC, DC-to-AC, or DC-to-DC conversion in
conjun@®visieRPRgitenerator, a load, and a DC bus, includes: coupling the transistor pack to the
generator and the DC bus such that the transistor pack may perform AC-to-DC or DC-to-DC

conversion. The ggef0d alse ﬂp@hiﬂﬁs ﬁﬁu@m@ the urnsistab peClhtevthedateumandideslead such
that the tr%?&stor pack i’S‘é&erforg té) -AC convers ion of. DC-to-DC conversion, BRIEF,

DESCRiPTISN BFTHE" QRS Fory arecccé)%&élfe utr?ooéjrﬁsrl%%afn% 5F ?ﬁ%tep%]sfent
inventiccnp;uﬁéﬁemre@nmv mgide RChedfcllowitey descpipdidrsstake thin £0runctidnonétiofhibe

accompaniing. daing. ubigl: J0RAAIGLRE & e inckdagra sy deopyeatonal OC

voltag US (o]0 g mu tage eneration syste S to'various
coupled to the AC buf; an AC load device, and the transistor pack, in which the switch is

configured to alternatively couple the transistor pack to the AC bus or the AC load device; in
which the transistor pack is configured to perform AC to DC power conversion when coupled to
the AC bus and the DC bus and to perform DC to AC power conversion when coupled to the DC
bus and the AC load device. The apparatus can also include: a second switch arranged between
the AC bus and a second one of the transistor packs such that the second transistor pack is not
directly coupled to the AC bus, the switch coupled to the AC bus, an AC load device, and the
second transistor pack, in which the switch is configured to alternatively couple the second
transistor pack to the AC bus or the AC load device; in which the second transistor pack is
configored to perform AC to DC power conversion when coupled to the AC bus and the DC bus
and to perform DC to AC power conversion when coupled to the DC bus and the AC Joad

device,

{0023]  An apparatus for use in with an AC generator, an AC load, and a DC bus,
includes: a transistor pack configured to perform AC-to-DC péwcr conversion and DC-to-AC
power conversion, the transistor pack including at least a first input and a second input; a first
switch coupled to the AC generator, the AC load, the DC bus, and the first input of the transistor
pack, the first switch arranged to connect the first input of the transistor pack to the AC
generator, the AC load, or the DC bus; a second switch coupled to the AC generator, the AC
load, the DC bus, and the second input of the transistor pack, the second switch arranged to
connect the second input of the transistor pack to the AC generator, the AC load, or the DC bus;
and a microcontroller configured to, in a first instance, instruct the first switch and the second
switch to connect the first and second inputs of the transistor pack so that the transistor pack may
convert AC power from the AC generator to DC power for the DC bus and to, in a second

instance, instruct the first switch and the second switch to connect the first and second inputs of
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[OOZ?)FIGURE 2 is a schematic illustrating a conventional six "ode full-wave diode rectifier.
1.00281FIGURE 3 is a schematic illustrating a conventional arrangement of SCRs for AC-to-DC
conversion, [0029]FIGURE 4 is a schematic illustrating a conventional arrangement of WO

2010/05645pB 4ok HdS295/060786 [0030]FIGURE 5 is a graph illustrating-the ehiffpignbaperating
regions experienced by a power conversion system according to one embodiment of the invention,

the transistor pack so that the transistor pack may convert DC power from the DC bus to AC
power for the AC load. The microcontroller may be configured to instruct the first switch to
connect the first input of the transistor pack to the AC generator and instruct the second switch to
connect the second input of the transistor pack to the DC bus so that the transistor pack may
convert AC power from the AC generator to DC power for the DC bus, and may be further
configured to instruct the first switch to connect the first input of the transistor pack to the DC
bus and instruct the second switch to connect the second input of the transistor pack to the AC
load so that the transistor pack may convert DC power from the DC bus to AC power for the AC
load.

{0024] A method for using a transistor pack capable of performing AC-to-DC,
DC-t0-AC, or DC-to-DC conversion in conjunction with a generator, a load, and a DC bus,
incindes: coupling the transistor pack to the generator and the DC bus such that the transistor
pack may perform AC-to-DC or DC-to-DC conversion. The method also inchudes coupling the
transistor pack to the DC bus and the load such that the transistor pack may perform DC-to-AC

conversion or DC-o-DC conversion,

BRIEF DESCRIPTION OF THE DRAWINGS

[6025] For a more complete understanding of the present invention, reference is
now made to the following descriptions taken in conjunction with the accompanying drawing, in

which:

[0026] FIGURE 1 is a block diagram illustrating a conventional DC voltage bus

coupling multiple AC voltage generation systems to various Joads.

[0027] FIGURE 2 is a schematic illustrating a conventional six diode full-wave

diode rectifier.

[0028] FIGURE 3 is a schematic illustrating a conventional arrangement of SCRs

for AC-to-DC conversion.

[0029] FIGURE 4 is a schematic illustrating a conventional arrangement of

{ransistors.
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[0031]FIGURE 6 is a schematic illustrating an exemplary DC bus regulator using a transistor pack and
a diode pack according to one embodiment of the invention. [0032]FIGURE 7 is a schematic
illustrating an exemplary DC bus regulator using a transistor pack and a SCR pack according to one

embodimentypd thednsession. [0033]FIGURE 8 is a schematic illustrating aa-exespacy@§ bus
regulator using a resistor according to one embodimem of the invention. [0034]FIGURE 9 is a
schematic illustrating an exemplary DC bus regulator using a resistor and capacitor according to one
embodiment of the invention. [0035]FIGURE 10 is a block diagram illustrating a swing pack for
AC-to-DC, [0030] FIGURE 5 is a graph illustrating the different operating regions

experienced by a power conversion system according to one embodiment of the invention,

[0031] FIGURE 6 is a schematic illustrating an exemplary DC bus regulator

using a transistor pack and a diode pack according to one embodiment of the invention.

[00632] FIGURE 7 is a schematic illustrating an exemplary DC bus regulator

using a transistor pack and a SCR pack according to one embodiment of the invention.

{6033} FIGURE 8 is a schematic illustrating an exemplary DC bus regulator

using a resistor according to one embodiment of the invention.

[0034] FIGURE 9 is a schematic illustrating an exemplary DC bus regulator

using a resistor and capacitor according to one embodiment of the invention,

[6035] FIGURE 10 is a block diagram illustrating a swing pack for AC-to-DC,

DC-t0-AC, and DC-to-DC conversion according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0636]  Fast switching characteristics in a DC bus regulator are more likely to be
needed at some times than others. Under certain conditions it is more likely that the load scenario
can be unpredictable and experience rapid changes making fast switching necessary to maintain
the stability of the power system. For example, in the case of a power system on an offshore
drilling rig, the power system tends to be unstable where the loads are small compared to the
online generator capacity. Under these unstable conditions, the quick reaction time of transistors
is desirable. However, when the power system is stable, fast switching may not be required,
Where the fast switching of transistors is not needed, diodes or SCRs may be a more durable and

cost-effective solution for power conversion.

[6037] By recognizing that the fast switching ability of transistors are only
needed during certain system conditions, such as low power Joad as compared to generator
capacity scenarios for an offshore drilling rig power system, a system may be designed to include
transistors capable of only handling a fraction of the total power load along with diode or SCRs

to handie the remaining load. Thus, such a hybrid system may be reduced in size and cost as
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DC-to-AC, and DC-to-DC conversion according to one embodiment of the invention. DETAILED
DESCRIPTION OF THE INVENTION [0036]Fast switching characteristics in a DC bus regulator are
more likely to be needed at some times than others. Under certain conditions it is more likely that the
load scenarigyganagpddaredictable and experience rapi.d changes making fpsksyiiehing; necessary to
maintain die stability of the power system. For example, in the case of a power system on an offshore
drilling rig, the power system tends to be unstable where the loads are small compared to the online
generator capacity. Under these unstable conditions, the quick reaction time of transistors is desirable.

However, Whe.nC{he gOV\i r system is sttablfe,.f€ st switchin may not he %g‘%uir . Where. the fast
SWitChin%ngpﬁla(?nS%t s ot heeded, diodes o §8ﬁ§0%a908'e%'(r%a r abt ?ﬁﬂq%gﬁ%ﬁ%"&ive
solutionseitpangerabdityerdian. {€0Bd| ByRedognizingfisatithe tastitohing adiilippefttkansistorspiare only

needed during.cer ste itions, s w power load as compargd to generator capacity
scenari%%@%ﬁ%ﬁﬁs{tﬁé %ﬁﬁ:nn%% %gﬁééﬁv%‘? §§§§r% !j %Qé%tgérré e%ag%ge gg%g e%etct)sz}lrgglg%%g%ir%rﬁsistors
capableRstriy dieatigingl a frabridnspsteme rewaipowel iogdaatongalitytiod et SGRsiteshprwte the

remaining loag TuS,s4aha prdsysiems mex kRaEIHGed R &laG AN KOSt @Rditions durin
W02010/056455PCT/US20091060786 compared to an all transistor system. for the same to%al power

load whitdstithaairiamiitdirast Sieckrig #Bhie when needed. Realization of such a system is not
possible by simply combining the two technologies since both technologies perform generally the
same function. Raffiesstredtiorefh Hybisd systeph rétpsiresangtiliing dféonirolgysiany thagkesognizes

D s SAgiehe. 4 g Dich e wieng R JRAls: el fefe desh ) A Yelieongiians during
according to one embodiment of the invention. Chart 500 plots power flow through the DC bus
regulator on y-axis 501 versus power consumption by the DC bus on x-axis 502, Lines 503, 504,
505, and 506 represent the total capacity of the transistors included in the exemplary DC bus
regulator, which is only a fraction of the total capacity of the system, as illustrated by lines 507
and 508. Region 51 covers forward conduction from the AC generators to the DC bus., Region
51 has two operational modes. In region 511, the transistors are in forward conduction. In
region 512, the transistor capacity has been exceeded and diodes are switched on to assist in
handling the larger load. Region 52 covers reverse conduction from the DC bus to the AC
generators. Region 52 has two bperational modes. In region 521, the transistors function in
reverse conduction. In region 522, the capacity of the transistors has been exceeded and a set of
resistors or other power consumption or storage devices are switched on to consume additional
power off the DC bus. FIGURE 5 illustrates one exemplary operating graph. Lines 503, 504,
505, and 506 may be pre-defined levels or dynamically chosen based on the operating conditions
of the power system. Other alternatives are discussed below and those skilled in the art will

recognize others based on the teachings herein.

[06639] FIGURE 6 is a schematic illustrating an exemplary DC bus regulator
utilizes transistor packs and diode packs according to one embodiment of the invention.
Regalator 600 may be used to implement the operational graph shown in FIGURE 5. Regulator
600 accepts input from three-phase AC source 602 conditioned by fransformer 604. A typical
value for AC source 602 in one application may be 11 kV. Transformer 604 outputs voltage
onto line 610 and line 620, A typical value for lines 610 and 620 is 600 V, but they need not be
equal. Transistor pack 612 may be coupled to line 610 and DC bus 614, Transistor pack 612
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[0038]FIGURE 5 is a graph illustrating the different, operating regions experienced by an exemplary
DC bus regulator in an offshore drilling rig power system according to one embodiment of the
invention. Chart 500 plots power flow through the DC bus regulator on y-axis 501 versus power
consumption by the DC bus on x-axis 502. Lines 503, 504, 505, and 506 represent the total capacity of
the transistors included in the exemplary DC bus regulator, which is only a fraction of the total capacity
of the system, as illustrated by lines 507 and 508. Region 51 covers forward conduction from the AC
generators to the DC bus. Region 51 has two operational modes. In region 511, the transistors are in
forward eesydbetionieinenéggion 343t thetirdinsister capatity ek Be@nrekteBBEHManPdibdeslar@switched

Znoto aSSifaEf"bb%ReﬁE'l_Qg tgairl]@mblqa&i-mw éa.comea&r%@{smciﬁ %@Mﬁ%&hgpg_ s to the

.0 generators. Region. as two rati es. hi region , the transistors function in
reverse EOHt Ef&icl)lﬁl. %nr&rlé)g?oﬁegﬁl\f{f tgggcg’pggl VAS t%e traﬁcsl’?s%lsoifgrs, élezer’ls SREBOEY &00°5°KE: of
resistorstor iwsestqsoneelr ¢dAsanvotioel dhetorage devichsongh sndtchvrirondiegondumesiagditierial power
off the DE busyidfeddisi Ryl $UStEaleSHRNS EXSIHIALYRRETAHIIN OGP RodtNBR O Bans2 04 PAR. and 506
may be prel-ldefin?d Ievelslor dynamicall%)chosen based on the 9 eratinlg conditions of the power
system. OffieFatSinSREE ard ISENRI S BT AR TSEe BKIRH in ¥R AR SRS chgh e oftists based
on the tezrebimymdvdredud0839 FIGURLE’B ism!setiematicciligstiztigngtedh exeripldnSRC)bus regulator
utilizes trangisigidaneksand ﬂiﬁ%dﬁ%héW%?%@i&@%ﬁéﬁb%m{sﬁf&hﬁaﬁvgmi%-Ba%r%klator 600
may be used to implement the operational graph shown in FIGURE 5. Regulator 600 accepts input
from thraStifise RCRALFe<lS KERUISHE thy et rrey 602 A SRR VI 1 ACT8Erte 602 in
one appleatiorn iy 45d 1dgidete Trarssfofiper BOMghutpossieoltage 6hto lie B1QmtdlinaBRdnettypical
value forjings &LQ.an8 62045.608 \éobumaexwec%gﬂg@;elaet@qy@vﬁéan?&%pﬁ&&&%%@ﬁy Rescoupled

to line 610 and DC bus 614. Transistor pack 612 may be implemented, at least partially, using
transistof ﬁél%: Wf’r?/ﬁrlé{?ﬁ’észl. Diode pack 622 may be coupled to line 620 and DC bus 614. Diode
pack 622 may be implemented, at least partially, using diode rectifier 200 in FIGURE 2. Microcontroller
613 is operatively d8fHcted tbnineniistdr BBEK B 12 fs%BhrbloRsEtonrant favivtistetigh radosurput

voltage afi¢ranaisiaracksdrg Miesogont@ilan6 kBomai beaanyieontroksysiesm gagakdeof cantrolling

transisto 1 h as, far example, a.programmable mi rocessor, g digital signal processor
<--Dsp--),éﬁ%%ﬁéﬁig%§§%%ﬁé i lsrrzgﬁﬁ%b%%‘q)?%pﬁfég%?oﬁ%%%ecﬁ& R SR e
any othef 1Al Havibe. WHaes U irslIers 85 ity Heliitk Graead htHofagss Rt ding 30 6922 Heniasy be
separatedibdannthert esndedimenirt@nsistar peckial 2enayl inkle pande ntiyimaniten ther¢altageof DC
bus 614 and regula r flow throt ransistor.pack 612..1n yet another embodiment, loads
connecte%r%iig%lag%;g %égégna@\%eorcosn |§§resa%) Epi;gratgv%(§u|§%?]l}[utzg rﬁ?étrlgréoﬁ?%iletrl%ﬁha rfa)rﬁjét1 Uture

power dédtintls G40 PRATh M GURE Broghediish drdpérfationden  thesppeeartid prsmseissof the
total enesgyh passtagdhretgheregulaty GOehwildpassitbraugh-izansistaropaakHigR . oaeppeiereed

embodiment, this is accomplished by microcontroller 613 controlling transistor p 612 such that the
voltage on IDC%?JIS 614% atpaie%v%l 1%{elgwp tr%r{/%)(ﬁa%%b%]drﬂﬁnepéyo, Ig:%a{:ﬁ%clﬂrérfﬁigrd%q es 10 f?f%‘% ‘Cbnduct.
Mierocort#Bligrs P& kndy céntiotdie Srstertiagachitht drtutténoneslithregisiransistespdiks12 or
simply spatktisat a swhstanpakpartiersfiews-taraughiiransistonpark 612 aoshgusmaliespertiontiows
through diade p . When th r lJoad, increases such.that region.of operation 512 is gntered,
iond e e B S B R R
embodintéfebyrakicterconttBRer B3 s it UFEiet Al si POY Pat &rsien hvury trasisrmgeckoBC bus
614 to enalyle imonsietiontidtiegh, dindeipaak62y . Mdbesa operationdedenters @giaRedlh detail
microconroller 613 configures transistor 612 to modify the volt on DC bus 614 to disable or
substang)al%/ r’et(?gscgl %%é(%?gtito%g%%?)}uS%Ckgi%%ﬁ:ga&mgé?%e%aa%%?ﬁ% ?ﬁ%eéﬁoon ligp%%nvsgsr :
conductidittpfoligHigEhsioRn nERcrke 13 theyldrpe divtedethis dlimherde: berssgmifraentyrdderedidr
terminatededAadiseugsedbisvidetathpeiow othisemayiRRMmiFaASISIOr Rtke-glAonsame partien shereof to
be used jn other operati around_the distributio: twork. It should be noted that the border between
regions 5!1?% %’nétg_lvgﬁﬁzce% not @Otﬁgg ns{o%%eagglgaé}:glt;egﬁ Ceesa\c}gi g%‘fqﬁ%r%sglégt%@. th%t??ee?gtlﬁ% border
may be SHaESETEHAME arEe@king into account the available resources of regulator 600 and the

operating characteristics of the system.
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WO.2010/U56455P0OYUS2009/060784 [0041]Another embodiment of a system that converts
AC-to-DC power combines transistor packs and SCR packs. Advantages of this design are the fast
response time of the transistors and the high capacity, low cost, and controllable current of the SCRs.
SCRs operasesimthesissplest case identical to diodes but have the addedfgaigretobeiment control
through gate timing. [0t42]FIGURE 7 is a schematic illustrating an exemplary DC bus regulator using a
transistor pack and an SCR pack according to one embodiment of the invention. Regulator 700 may,
for example, implement the system illustrated in Figure 5, Transistor pack 612 is coupled to line 610 to

DC bus 614, similpsgeseauaigheddmiciRagk {22max e cupletbindine 520.pier caationing by

inductors 723, and to DC bus 614, similar to the placement of diode pack 622 in Figure 6. SCR pack
722 maydebings|smeisterpaakioast paitidgkasily StRepLEKIBDIGH I @O RE Bty §fSperation
511, a sybglaptialinerion oftheitotahenergRrssing i Quahdemlatar£R0sithogsRiraugh transistor

pack 612. In a preferred embodiment, rnicrocontroller 613 may control power flow through transistor
pack 619PFAFdBIIG raglate the vorisaldR Bedshdenhan Bttt Jarmh Ohaerseb ARk 613 also
couplesitpoe&RAaek:f=2. Microcontroller 613 may control the gates of the SCRs in SCR pack 722 to
enable power flow through SCR pack 722. Alternatively, the rnicrocontroller 613 may control a second

microcontroller (ngjglsstrategh that coirgls g 3ERE JA04RIATe L ambadipeplola sygigm that

converts ACto D power combines transistors with dipdes of SCRs an'd resistors. Dio es and SCRs
as showiite FIGUREterapt FIGU RE PRfapsk useartrgulfmetn arabedpaeiy of than8igtaievhen the

forward powes s egeds fhairansisher sARAcHY e Queve i HIgdesian FRERS OnhhrARdUGhin one

direction {)m,ventin them from allowing reverse power flow. In operating region 522, resistors,
batterie§ dap eI &7 ditfep Woindidicld niig i Rdeaiive e SoldrfoitDEbuEe
[0044]FiGiHRE & %2 Sshematic diustiting &y axemplary PC Hdstepdatos 614, similar to the

placement of diode pack 622 in Figure 6. SCR pack 722 may be implemented, at least partially,

| using SCR pack 300 in FIGURE 3. In region of operation 511, a substantial portion of the total
energy passing through regulator 700 will pass through transistor pack 612. In a preferred

| embodiment, microcontroller 613 may control power flow through transistor pack 612 in order to
regulate the voltage on DC bus 614. In one embodiment, microcontroller 613 also couples to
SCR pack 722. Microcontroller 613 may control the gates of the SCRs in SCR pack 722 to
enable power flow through SCR pack 722. Alternatively, the microcontroller 613 may control a

second microcontroller (not illustrated) that controls the SCRs.

[0043]  Another embodiment of a system that converts AC to DC power combines
transistors with diodes or SCRs and resistors. Diodes and SCRs as shown in FIGURE 6 and
FIGURE 7 may be used to augment the capacity of transistors when the forward power exceeds
the transistor’s capacity. However, diodes and SCRs only conduct in one direction preventing
them from allowing reverse power flow. In operating region 522, resistors, batteries, capacitors,

or other storage devices may be added to remove power from DC bus.

[0644] FIGURE 8 is a schematic illustrating an exemplary DC bus regulator
using resistors according to one embodiment of the invention. Regulator 800 accepts input from
AC source 602 after conditioning by transformer 604 into line 610 and line 620. Transistor pack
612 couples line 610 to DC bus 614 and diode pack 822 couples line 620 to DC bus 614, An
SCR pack could be used in place of diode pack 822 to achieve similar results, as illustrated in
FIGURE 7. Additionally, transistor pack 832 couples resistors 834 to DC bus 614. Transistor
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using resistors according to one embodiment of the invention. Regulator 800 accepts input from AC
source 602 after conditioning by transformer 604 into line 610 and line 620. Transistor pack 612
couples line 610 to DC bus 614 and diode pack 822 couples line 620 to DC bus 614. An SCR pack
could be ussghinopbaseses diode pack 822 to achieve similar results, as illustiatshin/fdGRE 7.
Additionally, transistor pack 832 couples resistors 834 to DC bus 614. Transistor WO ,
2010/056455PCT S2009/060786 pack 832 may be comprised of transistors which may be similar to
the transistors used in transistor pack 612, or may be any other switching component with the
necessary.0 tional characteristics., Transistor b trolled by microcontroller 613
o e o O D O B R e e
power niraystiow trdughliransisiobpack etherpaciclsAGosmones ol Rh Wikerethspoveeeespadity of

wansistay,packa12.s reashathmicipsanalienRl3maenhieansisnRack 833 alauingpover o

flow to resistors 834 and dissipate as heat. When operation returns to region 521, microcontroller 613
may turfliele apEresy itk BILVERE POWRr IS SR IFEIOMRLtho ik Fp i eI 5 AEKE6 1 P& discussed
above, thebgedenhebueentagionser b antRi2nead natbe the. alyspidtencanacly @bibe,ayailable

transistors. Rather, the horder may be an apprci%r[aﬁ value tak{)ng into account the avaijlable resources
of requISTOF 86 BATFthbopet gL HEIREENERLUS PR RS R O GABKIFRASK reHtIRE Mdvide
power censtimptiswbergpauesicents itikiiakan hihtheVZHenbusethivpowanis dostgvherl,
dissipation. Since generators consume resources to rate the en taken off the DC hus, it
ould DB ot the Ty T ST A R e, B e st e
bus at atatsstimeacBudi.a sorfiguratid nbwrauthinkredse efficienegiant Fétuoe e cest aboperating the

generatgys Jor e Q%Yggﬁéﬁgt&%_ ﬂ%ﬁ%’{}%'é{s%&%Teﬁaﬁ%‘?{gﬂe@%&eﬁﬁg%@ %Oigggﬁ#ﬂ@ callx to

changes in power lo den increases in power demand are difficult to ac odate with AC
generatBisua R AEhiin ofvidporetinse pEqerrdats $REraad e epeshnl mitistad genelate the
needed Rowgt.furthermore, autonomy from the generators is obtained, because a sudden failure of
the AC generators may be compensated by the stored power. [0046]FIGURE 9 is a schematic
illustrating an exem%g D%J?HS r%gyégg r ’ngS|rnO%§ ere5|stor and capacitor. for reverse ggyvtergegulatlon

according to one imént of the invent glﬁgﬁ])?rgﬁﬁ)%’én %‘{2 ivrflﬁ)%“( FoR AL S6urt8%02 after

conditiotuirrg bffttmg@rmer BOpomter Ii&:]@ﬁ]iﬁ ha:mi ﬂmiﬁzmnTr&hmgﬁnpmmﬁmlmpI%dhre;@lo to DC
bus 614«:93%9}&%{%3&1& .a(f&’i%%stﬂ'{5@%9491%&5509_%)%1@@@&8 g?&%‘%{’&é‘xﬁ‘érgi iisgdyn place of

diode pack 822 to achiev&’similar results. Additionally, switch 942 couples capacitors 944 and
resistor$n94® tHa P 8B LN 1SiRkh 94 Pira P bdheoRfrofied 3y2 iiteroierstroleriea Tesienupieror disable

capacitos3dhAGLIOAR M ORRABL SYHAT SpS-Aa1PIRI SO CARASHBFIIRATLARH JRSIRIOTS
Additionally, stored energy may respond more dynamically to changes in power loads. Sudden
increases in power demand are difficult to accommodate with AC generators due to the length of
response time required to increase fuel consumption to generate the needed power. Furthermore,
autonomy from the generators is obtained, because a sudden failure of the AC generators may be

compensated by the stored power.

[6046] FIGURE 9 is a schematic illustrating an exemplary DC bus regulator
using a resistor and capacitor for reverse power regulation according to one embodiment of the
invention, Regulator 900 accepts input from AC source 602 after conditioning by transformer
604 into line 610 and line 620. Transistor pack 612 couples line 610 to DC bus 614 and diode
pack 822 couples line 620 to DC bus 614, An SCR pack could be used in place of diode pack
822 to achieve similar resuits, Additionally, switch 942 couples capacitors 944 and resistors 946
to DC bus 614. Switch 942 may be controlled by microcontroller 613 to enable or disable
capacitors 944, Additionally, switch 950 and switch 952 coupled to capacitors 944 and resistors
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WO 2011056455PCT./US 2009/060 786 946, respectively, allow energy to be stored in capacitors 944
or dissipated through resistors 946. In reverse power operation region 521 power may flow through
transistor pack 612 back to AC source 602. When the power capacity of transistor pack 612 is
reached, misrciconirsitess61.3 may enable 942 allowing power to flow to capaeikess: débs¥Vhen
operation returns to region 521, microcontroller 613 may turn off switch 942 and power flow occurs
only through transistor pack 612. Regulator 900 may also use a combination of resistors and
capacitors in place of capacitors 944. Further, any other energy dissipation or energy storage
technol may be used in combinatiqn or as,a substitution for capacitors 944 such as rotating
masses B b IO HoL G LS ELSLA hoBiate heg AP T ASAF ORG (e phase
AC sourgers:verie skilledopethiecartegioy faaditymodify fleev disolagursiinithis pgsplicklibactotopdrate on a
wo PhasgRlaiie” A SNALSer IBIBG Aeneial md0R48 1N Lhe desian 8GR fs mulliple
AC-to-DC converters are required as aré multiple DC-to-AC converters and DC-to-DC converters. For
examplEnabiRot £ ATE) DpeTEi O AR IBRIBFHNE thitefotdipisprsedas apitoscinireiethé2dower on
the DC hysbasiinaG before dimay beiutilizedpy paater ﬂ@ﬁ-o%s%ﬂkgeaﬂeﬁg@t%mé&ﬁagnlze that
or ~

DC-to-AC power conversion may be accomplished using similar components as are used
Ac-to-D@gow&%ﬂky%?@imyﬁ&w%ﬁ%?%fam?gtaf a8 2" SYRGIRTS MBI REBP FIGURE 7,

FIGURB &} aneuktist) Ry Sothay heeenfiguiedita periann D GdarACeamessipindlses Rd4oRC power
using similar compon nts as DC-to-AC arg AC-toDC power

conversé%nm ggé"be 5:11_(: Csoan% i?t?t%%on orcapagciors such as rofatt QG
conversion. A@fﬁn the differen "reglonspoafzopéra ion exempfarﬁﬁ%%%ﬁ?h M TEEEE 5, as power flow

is diverted from transistors to diodes or SCRs, at least a portion of the transistor pack no longer in use
may be switched f8# Bonvédiysichn maepbiisslforin & D deseribrst dprirstt DS hieepdwesr for an

attached\(0ads@Real $191RASARYiSE iy RSISIgmaleh @configurationamayiadugs the pumper of
transistors required for the power system illustrated in FIGURE 1 thereby reducing the space

requirerAR A RRIMAR B P Tr e BUer Ph OIS &y HERAT68B0]FIGURE. 10 is a block diagram

illustrating a swing pack for AC-to-DC,
[0048] In the design of FIGURE 1 multiple AC-to-DC converters are required as

are multiple DC-to-AC converters and DC-to-DC converters. For example, motor 134 may
operate on AC power and therefore it is necessary to convert the power on the DC bus back to
AC before it may be utilized by motor 134. One skilled in the art will recognize that DC-to-AC
power conversion may be accomplished uvsing similar components as are used for AC-to-DC
power conversion. For example, transistor pack 612 as shown in FIGURE 6, FIGURE 7,
FIGURE &, and FIGURE 9 may be configured to perform DC-to-AC conversion, Also, DC-to-
DC power conversion may be accomplished using similar components as DC-to-AC and AC-to-

DC power conversion.

10049]  In the different regions of operation exemplarily shown in FIGURE 35, as
power flow is diverted from transistors to diodes or SCRS, at least a portion of the transistor pack
no longer in use may be switched from converting AC-to-DC power for the DC bus to convert
DC-to-AC power for an attached load, energy storage device, or resistor. Such a configuration
may reduce the number of transistors required for the power system illustrated in FIGURE 1

thereby reducing the space requirements and the cost of the overall power system.

[0056] FIGURE 10 is a block diagram illustrating a swing pack for AC-to-DC,
DC-to-AC, and DC-to-DC conversion according to one embodiment of the invention. Power

system 1000 includes bank of converters 1002, Bank of converters 1002 may be any number or
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DC-to-AC, and DC-to-DC conversion according to one embodiment of the invention. Power system
1000 includes bank of converters 1002. Bank of converters 1002 may be any number or WO
2010/056455PCT/1152009/060786 combination of devices capable of AC-to-DC, DC-to-AC, and.
DC-to-DC canyemsiaasadch as transistor pack 400 illustrated in FIGURE #¢Baskoof/eanseners 1.002
are coupled on one side to DC bus 1020 and on another side to isolators 1004. Isolators 1004 when
closed couple one converter of bank 1002 to line 1014 leading to AC or DC generators or to line 1012
leading to AC or DC loads. The isolators may be controlled, for example, by a microcontroller or other

control system Ihal may. he.seoaiale of e same asanieieonRISHGLIIAUARL00 Gopditions

power betore reaching line 0 4. The selection of which power consumption units are
engagedrinsifspicpatb i DicshaspowdaHsfer Brblises teriead Hia\arebaged ohotespiotess at
hand. Fejexampigpuse of, annawespack ebbank 1002 tapassPowe) to1an engray-sipadgdevice

would be done when the DC bus had excess power and therefore, the power pack would not need to

be engagEdaranel/higios0er i oire thel Rt ftd h & Do hereragws £1 19 AR digh ¥rdiBeeSent

disclosuggragidrits aavantageshiaveoeen seserbetel) detailaihshould bewnsieratone thabyarious
changes, substitutions and alterations can be made herein without departing from the spi g nd scope
of the diSVHESLr&VSEePRERY (e SRy cﬁ%ﬁn?ﬁ%%@?e,%%ﬁ%@%g’beg %%‘thg;é}léggm Eblication is
not intenrdeditebe jiwie ddtotherpatiayldmenibodimetits of Ghé. probess:iendchingé, wharhufastare,

composition of matter, means, methods and. st cribed in the specification e of ordinary
skill in & AR W rlﬁorrég |T§/£g%6?§8%?[elﬁtﬁ%n '%togﬁégs%g{a%@gr?ﬁvgﬁ,ﬂ %%%sﬁr%élgﬁ?neg ‘rfl%aaﬁt?feacture,
composliiens of haftekemeahspdndthodsiopisterss ,Oﬁmsmmy{emi@ti nf lonlaiébiobedepeiopde that _
pet Oafaéegaggggs}gé%h%%@%ﬂwg ARG SRstantialy hesamesesll aibrcofesponding

embodiments erein may be utilized according to the present disclosure. Accordingly, the
appendéd eRiinsskare et Bep fo e sasaRethiA HREISIIPESS T phscedss¥onta dhrids Ytanufacture,
compositions of matter, means, methods, or steps. CLAIMS

[0051]  Although the present disclosure and its advantages have been described in

detail, it should be understood that various changes, substitutions and alterations can be made
herein without departing from the spirit and scope of the disclosure as defined by the appended
claims. Moreover, the scope of the present application is not intended to be lLimited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the present invention, disclosure, machines, manufactare, compositions of
matter, means, methods, or steps, presently existing or later to be developed that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present disclosure. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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What is claimed is: 1. An apparatus for interfacing an AC bus and DC bus, comprising: a transformer
coupled to the AC bus having at least a first output and a second output; a set of one or more
transistors coupled to the first output and coupled to the DC bus; a set of one or more diodes,
separate from the set of one or more transistors, coupled to the second output and coupled to the DC
bus; and a microcontroller coupled to the sgj @fjigge or more transistors configured to regulate the
current flow through the set of one or more transistors and to regulate the current flow through the set
of one or more diodes. 2. The apparatus of claim 1, in which the microcontroller is configured to
regulate curi@hathyelahdbesset of one or more diodes by regulating the voltage on the DC bus. 3.
The apparatus of claim 1, in which the microcontroller is configured to regulate current flow through the
set of one or more transistors and the set of one or more diodes such that substantially all power flows
through the 3et of one or MdAPRAALISHEISINEIERCIME Boife bibansf Hie Ve BRI a first power

range. 4. The appargissefaaicbapduhich e 568 PhaRe sreaste irngstousdrve a first total power

capacity and thenscfeé uo,(f one or more diodes have a second total power capacity, where the first total
power capaa?)??s e887han the second total power capacity, and which the first power range is

between zero and a fiesofevest tianisstttiethrincpapicd dsduedinstheutipst aoricpopled talvacity. 5. The
apparatus ofgiaiy 1, further comprising:

a set of one or more diodes, separate from the set of one or more transistors,
coupled to the second output and coupled to the DC bus; and

a microcontroller coupled to the set of one or more transistors configured to
regulate the current flow through the set of one or more transistors and to regulate

the current flow through the set of one or more diodes.

2. The apparatus of claim 1, in which the microcontroller is configured to
regulate current through the set of one or more diodes by regulating the voltage on
the DC bus.

3. The apparatus of claim 1, in which the microcontroller is configured to
regulate current flow through the set of one or more transistors and the set of one or
more diodes such that substantially all power flows through the set of one or more

transistors when the power load of the DC bus is within a first power range.

4, The apparatus of claim 3, in which the set of one or more transistors
have a first total power capacity and the set of one or more diodes have a second
total power capacity, where the first total power capacity is less than the second total
power capacity, and which the first power range is between zero and a first level that

is selected, in part, based on the first total power capacity.

5. The apparatus of claim 1, further comprising:

a set of one or more power consuming or storing devices; and

a switch coupled to the DC bus and to the set of one or more power
consuming devices,

in which the microcontrolier is further configured to regulate power transfer to

the set of one or more power consuming or storing devices.

-19 -



a set of one or more power consuming or storing devices; and a switch coupled to the DC bus and
to the set of one or more power consuming devices, in which the microcontroller is further
configured to regulate power transfer to the set of one or more power consuming or storing devices.
6.The apparatus of claim 5, in which the set of one or more power consuming devices includes
resistors. 76 The apparatyfoLciaim s i WAIRMLE SELAA0S A MaTe ANLeasyming devices
includes capacitors. 8. The apparatus of claim 1, in which the set of one or more transistors includes
one or more $PARLBRY FEXRES dAHAREAERS A Pack configured to operate as a separate unit, the
apparatus further comprising:
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a switch arranged between the AC bus and one of the transistor packs such that the transistor pack is
not directly coupled to the AC bus, the switch coupled to the AC bus, an AC load device, and the
transistor pack, in which the switch is configured to alternatively couple the transistor pack to the AC
bus or the AC load device; in which the transistor pack is configured to perform AC to DC power

conversion when coupled 11 AL s SR HESDIC s AR BRSPS A gower conversion

when coupled to the DC bus and the AC load device. 9. An apparatus for interfacing an AC bus and
DC bus, contBASHENE faYistsriteresusAeadériie AC bus having at least a first output and a second
output; a set of one or more transistors coupled to the first output and coupled to the DC bus;

a set of one gr more SCRs, separate from the set .of ane, orf mor, gansistors, coupled to the second
output and c%'upled to thesBE é)ﬂps?rgnuc? © Cﬁ%"ﬂrit iR tl;}?oﬁﬁaﬁo iréj

mIcrocon SISIRHTSIRELEY 3PBhe or more
transistors ctheli¢flaedane eeqedransisiorrpatkiowathd@jisigher setoicontigorenitvepemtisters and to

regulate the gygieaiOVNN RS SBRRRI RHABERMPRERSCRS. 10. The apparatus of claim 9, in which
the first microcontroller is configured to reg%JIate current through the set of one or more SCRs by

regulating the volta§ & $ICtha BLIBH ot eeRiReMT A4t RIS LOR A 1B HANRISICh RREArE Ficrocontroller
further regultitestioeitrensittivo pgbktisensetioé atiyeconpreat ¢o SR byuso teadlvig ihe geitestof the SCRs.

the AC bus, an AC load device, and the transistor pack, in which the switch is
configured to alternatively couple the transistor pack to the AC bus or the AC load
device;

in which the transistor pack is configured to perform AC to DC power
conversion when coupled to the AC bus and the DC bus and to perform DC to AC

power conversion when coupled to the DC bus and the AC load device.

9. An apparatus for interfacing an AC bus and DC bus, comprising:

a transformer coupled to the AC bus having at least a first output and a
second output;

a set of one or more transistors coupled to the first output and coupklled to the
DC bus;

a set of one or more SCRs, separate from the set of one or more fransistors,
coupled to the second output and coupled to the DC bus; and

a first microcontroller coupled to the set of one or more transistors configured
to regulate the current flow through the set of one or more transistors and to regulate

the current flow through the set of one or more SCRs.

10. The apparatus of claim 9, in which the first microcontroller is
configured to regulate current through the set of one or more SCRs by regulating the
voltage on the DC bus.

11. The apparatus of claim 10, in which the first microcontroller further

regulates current through the set of one or more SCRs by controlling the gates of the
SCRs.
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12.The apparatus of claim 11, further comprising: a second microcontroller coupled to the one or more
SCRs; in which the first microcontroller regulates current through the set of one or more SCRs by
signaling the second microcontroller. 13. The apparatus of claim 9, in which the microcontroller is
configured to regulate current flow through the set of one or more transistors and the set of one or
more SCRs sych that subsﬁ?éwéi Iy 2l payvaL flows H]Ff?\"églao r%%ﬁf one or more transistors when the
power load of the DC bus Is within a first power range. 14. The apparatus of claim 9, in which the set
of one or more trandiS8SROR AVEracArdtAlRArpENeS taBcReAdAEESEE BB oNe or more SCRs have a

second total powerigagactitshaier enibe dbatrina reguiatecanaeift ibriasshthnshiesesad total power

capacity, an(rjn \c/)vréi%tbwsebfirg aper anggcgsn entq\{v%ecrg) zterrﬂeand a level that is selected, in part, based
on the first totafpower caYpa ﬂy. %. TR apparatus o claim 9, further comprising: a set of one or more
power consuming devices; and a switch coupled to the DC bus and to the set of one or more

power consuming devices,
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in which the first microcontroller is further configured to regulate power transfer to the set of one or
more power consuming devices. 16. The apparatus of claim 15, in which the set of one or more power
consuming devices includes resistors. 17. The apparatus of claim 15, in which the set of one or more
power consuming devices includes capacitors. 18. A method for interfacing a DC bus with a

transformer ggupled to anAC s BAYIG B B 1IN B ARISIAIONR. OMAHAINGY 1o _Coupling 2

set of one or more transistors having a first total power capacity to a first output of'the transformer and
to the DC bUggulate s o brbHED pohSF ORI dBOShara iy rant the set & ieehr more

transistors, hestie§@reesotittihatad uiRetianparippieefisacchtbagtpiieaidher sasskoipey and to the DC
bus; and ‘ ing,.current flow trro th of ane..or mare transistors and the set of one or
more diodes:[rétﬁ(%]g!t%%r}gshuabs@%ﬁgwg Béjv%ﬂtrh gDvithf ?dﬁg\fﬂtt neas(,)féﬁso 8N of Miore transistors when the
power load of the DC bus is within a first power range. 19. The method of claim 18, in which the first

total power qapacity is subiapygales oIS [PIRhRAWRS SARFUHUrthR Ret-aiMisor more
generators. have a first total power capacity and the set of 6ne or more SCRs have a second
total power capacity, where the first total power capacity is less than the second total
power capacity, and which the first power range is between zero and a level that is

selected, in part, based on the first total power capacity.

15. The apparatus of claim 9, further comprising:

a set of one or more power consuming devices; and

a switch coupled to the DC bus and to the set of one or more power:
consuming devices,

in which the first microcontroller is further configured to regulate power

transfer to the set of one or more power consuming devices.

16. The apparatus of claim 15, in which the set of one orkmore power

consuming devices includes resistors.

17. The apparatus of claim 15, in which the set of one or more power

consuming devices includes capacitors.

18. A method for interfacing a DC bus with a transformer coupled to an
AC bus having a set of one or more generators, comprising:

coupling a set of one or more transistors having a first total power capacity to
a first output of the transformer and to the DC bus;

coupling a set of one or more diodes, separately from the set of one or more -
transistors, having a second total power capacity to a second output of the
transformer and to the DC bus; and

regulating current flow through the set of one or more transistors and the set
of one or more diodes such that substantially all power flows through the set of one

or more transistors when the power load of the DC bus is within a first power range.

19. The method of claim 18, in which the first total power capacity is

substantially less than the total power capacity of the set of one or more generators.
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20. The method of claim 18, in which the first power range is selected, at least in part, to correspond to
the power range in which the overall system, which includes the one or more generators, the AC bus,

and the DC bus, is known to be less stable. 21. The method of claim 20, in which the first power range
is between zero and a first level. 22. The method of claim 21, in which the first level is chosen, in part,

based on thgirst total POWRL %@ﬁgg%f &nglpg, meihad meqﬂ%%'l%ﬁ X 'gtgstg% gi t"%tdlevel is chosen,

in part, based on the capacity of the one or more generators. 2 e method of ¢ amﬁ?[ , In which the
regulating cURPShITRATLSIR FAHERRRNS fedhimBrlardRagR Brvtiehtiteyerap systaeniétsbd of claim 18,

further comprigingss the 66¢plingorid @Rt RViABURCGahYSHE BEBLSS NG AIIMEspPower

consuming qésst%l{g%gedevices; regulating current flow through the set of one or more power
consuming or sstorlng devices when the power load of the DC bus is above a second level. 26. The

method of claim 25, in which the second level is chosen, in part, based on the first total power
capacity. 21, The method of claim 20, in which the first power range is between

zero and a first level.

22. The method of claim 21, in which the first level is chosen, in part,

based on the first total power capacity.

23. The method of claim 21, in which the first level is chosen, in part,

based on the capacity of the one or more generators.

24, The method of claim 18, in which the regulating current flow step

includes regulating voltage on the DC bus.

25. The method of claim 18, further comprising:

coupling, through a switch, the DC bus to a set of one or more power
consuming or storing devices;

regulating current flow through the set of one or more power consuming or

storing devices when the power load of the DC bus is above a second level.

26. The method of claim 25, in which the second level is chosen, in part,

based on the first total power capacity.

27. An apparatus for AC to DC and DC to AC power conversion,
comprising:

a set of one or more transistor packs, each transistor pack configured to
operate as a separate unit coupled to an AC bus and a DC bus

a switch arranged between the AC bus and one of the transistor packs such
that the transistor pack is not directly coupled to the AC bus, the switch coupled to
the AC bus, an AC load device, and the transistor pack, in which the switch is
configured to alternatively couple the transistor pack to the AC bus or the AC load

device;
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27. An apparatus for AC to DC and DC to AC power conversion, comprising: a set of one or more
transistor packs, each transistor pack configured to operate as a separate unit coupled to an AC bus
and a DC bus a switch arranged between the AC bus and one of the transistor packs such that
the transistor pack is not directly coupled to the AC bus, the switch coupled to the AC bus, an AC load

device, and the tranﬁwmémgwgﬂémé%ﬁ .%%ﬁgérsaqawﬁ&lﬁp@éw@@\ﬁwup'e the transistor

pack to the AC bus or the AC load device; In which the transistor pack is configured to perform

AC to DC pdiRBYEISINeI4IBR aHRls LR e dfokie e W&%B%ﬁé@%%‘a%faﬁa R perffrm DC to AC
power convgysiat vdrearenplédiathelBCidte DT bhe AQ baddevge dédcd he apparatus of claim 27
further comprising: a second switch arranged between the AC bus and a second one of the
transistor packs such that the second transistor pack is not directly coupled to the AC bus, the switch
coupled to tR8-AC bus, anTA€aBaeI aEsiekcaiv 2Rdustheas r@mraRsiRgor pack, in which the switch is

configured to alternativgin ¢auRih kPssReaNS RRNI TR RO BLEIEAG 3 Bt g load device;
in which the secory d tra istor Eﬁb"ﬁﬁ‘ confl d to. erfor AC to 5&?§0W€r co ver i3%é§\/hen coupled

to the AC bt}gagﬁ' b%’g 8&?8 ﬁ&f Fb é? a8k ct&I the DC
bus and the AG, rfﬁacsw&viceomed\tm d‘prpéﬁéhw fan |At’éﬂfmﬂrdyaneA@1UUBQamb@@ tassistamprising: a

transformer GouplpA ARG Svitsh ROVIRE R RAS! Al FRLAUR AL ARECA S i Yistor
pack to the AC bus or the AC load device;
in which the second transistor pack is configured to perform AC to DC power
conversion when coupled to the AC bus and the DC bus and to perform DC to AC

power conversion when coupled to the DC bus and the AC load device.

29. An apparatus for interfacing an AC bus and DC bus, comprising:

a transformer coupled to the AC bus having at least a first output and a
second output;

a set of one or more transistors coupled to the first output of the transformer
and coupled to the DC bus;

a set of one or more SCRs, separate from the set of one or more transistors,
coupled to the second output of the transfomer and coupled to the DC bus; and

a microcontroller coupled to the set of one or more transistors configured to
regulate the current flow through the set of one or more transistors and to regulate

the current flow through the set of one or more SCRs.

30. The apparatus of claim 29, in which the microcontroller is configured
to regulate current through the set of one or more SCRs by regulating the voltage on
the DC bus.

31. The apparatus of claim 29, in which the microcontroller is configured
to regulate current flow through the set of one or more transistors and the set of one
or more SCRs such that substantially all power flows through the set of one or more

transistors when the power load of the DC bus is within a first power range.
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a set of one or more transistors coupled to the first output of the transformer and coupled to the DC
bus; a set of one or more SCRs, separate from the set of one or more transistors, coupled to the
second output of the transfomer and coupled to the DC bus; and a microcontroller coupled to the
set of one or more transistors configured to regulate the current flow through the set of one or more

ransistors agsl 1o requlateyhe gygten Sopcraush 1065k 9205 & B SCRo A Te apparatus o

claim 29, in which the microcontroller is configured to regulate current through the set Gt dne or more
SCRs by regif¥%tifditAbvGRgY ST aRaicangshessctl ongpamrie SERuMAVER Reeaiieh the
microcontroletaispeaniguiertity, regelataciiertipuiaraipadteisesef PaA Plersecersapaistors and the
set of one or ch,th stantially all power flows through the set of one or more
transistors V\%me%?hce%g:p%v?\}g’rl{?g% ﬁ%@%ﬁﬁt@%lﬁg |se\r/vri%1n| ea{sfi!r)s?\t{vvﬁ%%]e%eré)nag%g %%{#ﬂ%vg?plgg{gtus of claim
31, in whichithehesens isrradr based aafwditideialpoavtirsiapasitpower capacity and the set of one or
more SCRs have a second total power capacity, where the first total power capacity is less than the
second total power capacity, and which the first power range is between zero and a first level that is
chosen, in part, based on the first total power capacity.
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33. The apparatus of claim 29, further comprising: a set of one or more power consuming or storing
devices; and a switch coupled to the DC bus and to the set of one or more power consuming
devices, in which the microcontroller is further configured to regulate power transfer to the set of
one or more power consuming or storing devices. 34. The apparatus of claim 33, in which the set of

one or more gower consuqu]ggbg&é(ljgﬁg iWé%ﬁ%jﬁﬂé?'cgfﬁf;mﬁ pparatus of claim 33, in which the

set of one or more power consuming devices includes capacitors. "36. The apparatus of claim 29, in
which the set of oné@ 8FRHPEANIRIB RONBILRRES WHB S PhtRENgHRViSRY: ks, each transistor pack

configured to operasesasich 3epplkai oL, ITLRBRAIE YSHYKBESIEHBRI#HIe powdr Switch arranged
between thed%&sg S ancfﬁone of the transistor packs such that the transistor pack is not directly

coupled to the 'Sg & Switch coupled to the AC bus, an AC load device, and the transistor pack,

in which the switch iis \¢bisfidbectiecraneiedenis justhepleottie urad ststegpatk novibe tre@skhrrdor the AC

load device; the séi o7lich SPRbRNSINEN RARKIRISGBAGIRIIGRRIRIM AC to DC power conversion
when coupled to the AC bus and the DC bus and to perform DC to AC power conversion when

coupled to the DC bus and the AC load device.
34. The apparatus of claim 33, in which the set of one or more power

consuming devices includes resistors.

35. The apparatus of claim 33, in which the set of one or more power

consuming devices includes capacitors.

36. The apparatus of claim 29, in which the set of one or more transistors
includes one or more transistor packs, each transistor pack configured to operate as
a separate unit, the apparatus further comprising:

a switch arranged between the AC bus and one of the transistor packs such
that the transistor pack is not directly coupled to the AC bus, the switch coupled to
the AC bus, an AC load device, and the transistor pack, in which the switch is
configured to alternatively couple the transistor pack to the AC bus or the AC load
device;

in which the transistor pack is configured to perform AC to DC power
conversion when coupled to the AC bus and the DC bus and to perform DC to AC

power conversion when coupled to the DC bus and the AC load device.

37. An apparatuS for interfacing an AC bus and DC bus, comprising:

a transformer coupled to the AC bus having at least a first output and a
second output;

a set of one or more transistors coupled to the first output of the transformer
and coupled to the DC bus;

a set of one or more SCRs, separate from the set of one or more transistors,
coupled to the second output of the transformer and coupled to the DC bus; and

a first microcontroller coupled to the set of one or more transistors configured
to regulate the current flow through the set of one or more transistors and to regulate

the current flow through the set of one or more SCRs.
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37. An apparatus for interfacing an AC bus and DC bus, comprising: a transformer coupled to the AC
bus having at least a first output and a second output; a set of one or more transistors coupled to
the first output of the transformer and coupled to the DC bus; a set of one or more SCRs, separate
from the set of one or more transistors, coupled to the second output of the transformer and coupled to

the DC bus;gd & frstpiggpcentiolteanplod e ienspkakanpierxaipdigngistors configured to

regulate the current flow throu?h the set of one or more transistors and to regulate the current flow
through the SBPIAWRE BrrRsyeis e rentibreHahdhp selnkonr Qamrsy SERshyTeawatiag rrocontroller
is configuredditaggulateecDCénisthrough the set of one or more SCRs by regulating the voltage on the
DC bus. 39. The apparatus of claim 38, in which the first microcontroller further regulates current
through the set of one or more SCRs by controlling the gates of the SCRs.
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40. The apparatus of claim 39, further comprising: a second microcontroller coupled to the one or
more SCRs; in which the first microcontroller regulates current through the set of one or more
SCRs by signaling the second microcontroller. 41. The apparatus of claim 37, in which the
microcontroller is configured to regulate current flow through the set of one or more transistors and the

set of one opgore SCRs gyeh that sosiAnAlsalPONRR TALE-LTAHSELENG Sl 9L g or more

transistors when the power load of the DC bus is within a first power range. 42. The §pgaratus of
claim 37, in (FANAIESCUEERE BrRYER heret e ordMese S S R aaniseling: b setas efioehe set of one

or more SCRERave a second total power capacity, where the first total power capacity is less than the
second total power capacity, and which the first power range is between zero and a first level that is
chosen, in part, based on the first total power capacity. 43. The apparatus of claim 37, further
comprising: 40set of one of MaGRPBEAlE doraitniRgfdeheceemmising: a switch coupled to the DC bus

and to the set of onesaEHAAIMRAVEHEORTWHINEEYERSone orim¥YRIGTRE first microcontroller is further
configured to regulate R‘o}’]"ﬁ{ trfansfe.r to th s&t of one or moren[t)?wer %o suming devices.
in which the first microcontroller regulates current through the set of one or

more SCRs by signaling the second microcontroller.

41. The apparatus of claim 37, in which the microcontroller is configured
to regulate current flow through the set of one or more transistors and the set of one
or more SCRs such that substantially all power flows through the set of one or more

transistors when the power load of the DC bus is within a first power range.

42. The apparatus of claim 37, in which the set of one or more transistors
have a first total power capacity and the set of one or more SCRs have a second

total power capacity, where the first total power capacity is less than the second total
power capacity, and which the first power range is between zero and a first level that

is chosen, in part, based on the first total power capacity.

43. The apparatus of claim 37, further comprising:

a set of one dr more power consuming devices; and

a switch coupled to the DC bus and to the set of one or more power
consuming devices,

in which the first microcontroller is further configured to regulate power

transfer to the set of one or more power consuming devices.

44, The apparatus of claim 43, in which the set of one or more power

consuming devices includes resistors.

45, The apparatus of claim 43, in which the set of one or more power

consuming devices includes capacitors.

46. A method for interfacing a DC bus with a transformer coupled to an
AC bus having a set of one or more generators, comprising:
coupling a set of one or more transistors having a first total power capacity to

a first output of the transformer and to the DC bus;
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44. The apparatus of claim 43, in which the set of one or more power consuming devices includes
resistors. 45. The apparatus of claim 43, in which the set of one or more power consuming devices
includes capacitors. 46. A method for interfacing a DC bus with a transformer coupled to an AC bus
having a set of one or more generators, comprising; coupling a set of one or more transistors

having a first total RgySIHeAPasitriona Brshauierl e uansiProer ADLLPdNGRG s  coupling

a set of one or more SCRs, separa%%l{ from the set of one or more transistors, having a second total
power capadifiFe SN NGatPERBI IR RRYRI RRBASNG A REBEd P ERf the  regulating current
flow throughtthesketrel @ne ar tmoECttasistars and the set of one or more SCRs such that substantially

all power flows thrqugl e eel o 49 RQIS TAD SIS HOER NS APIELIGAd Al e DG, bus s within

a first power range. metho clal in ' which the first total power capamy%substantially

less than th@teRg polerecaphstsrsh thatsebstastiallyrahsrvgefera 8o uas teneehPiRRIGT claim 46, in

which the firsidpe\wehsrRRge isherlasdedbvrrIRagtdntRab b aoiEeRRAIRG Rrshs RV esigage in which the
overall system, which includes the one or more generators, the AC bus, and the DC bus, is known to

be less stable.
47. The method of claim 46, in which the first total power capacity is

substantially less than the total power capacity of the set of one or more generators.

48. The method of claim 46, in which the first power range is selected, at
least in part, to correspond to the power range in which the overall system, which
includes the one or more generators, the AC bus, and the DC bus, is known to be

less stable.

49. The method of claim 48, in which the first power range is between

zero and a first level.

50. The method of claim 49, in which the first level is chosen, in part,

based on the first total power capacity.

51. The method of claim 50, in which the first level is chosen, in part,

based on the capacity of the one or more generators.

52. The method of claim 46, in which the regulating current flow step

includes regulating voltage on the DC bus.

53. The method of claim 46, further comprising:

coupling, through a switch, the DC bus to a set of one or more power
consuming or storing devices;

regulating current flow through the set of one or more power consuming or

storing devices when the power load of the DC bus is above a second level.

54. The method of claim 53, in which the second level is chosen, in part,

based on the first total power capacity.
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49. The method of claim 48, in which the first power range is between zero and a first level. 50. The
method of claim 49, in which the first level is chosen, in part, based on the first total power capacity.
51. The method of claim 50, in which the first level is chosen, in part, based on the capacity of the one
or more generators. 52. The method of claim 46, in which the regulating current flow step includes
regulating vajtage on the RE Ays: -3 THABRINS SieBENGRCIRET 68MBrising:  coupling,
through a switch, the DC bus to a set of one or more power consuming or storing devices;

regulating cHi?ER {8 through the set of one or more power consuming or storing devices when the
power load of the DC bus is above a second level. 54. The method of claim 53, in which the second
level is chosen, in part, based on the first total power capacity.
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55.An apparatus for AC to DC and DC to AC power conversion, comprising: a set of one or more
transistor packs, each transistor pack configured to operate as a separate unit coupled to an AC bus
and a DC bus; and a switch arranged between the AC bus and one of the transistor packs such
that the transistor pack is not directly coupled to the AC bus, the switch coupled to the AC bus, an AC

ioad device, and the JARTISHRdYafsid T AURINS: B eBdA faRfianIPeatg. ARkl couple the

transistor pack to the AC bus or the AC load device; in which the transistor pack is configured to

perform AC BRE5ei5B%2 PReRFE 4IBfh SoHBIFE S pl A toPicBRAt 3RS e tRRIDC bus and to perform DC
to AC power convessiaitoierasgeplashiedhata @O bssatitbadLE teadfaiies: patks sigapparatus of

claim 55 fur omprising; a_second switch arranged een,the AC bus and a second one of
the transistoqr’ﬁ %g&estguéas%%??ﬁ*é 'gengit)rc?c'f r%v s?gflc?repgatc %I]Se tnAo irec FI'f/a éé”dﬁﬁa%‘éprlﬁ%%ﬂc bus, the

switch coupl&g RGhesenis lerr Alevisadane e ransisins rrdoit whiakidespéek, in which the switch
is configuredéafyipeaativiiyraaiRy BiRiSROPBArHRNSISI YaBREK L TRE AlsRiiser Akeiddg load device;

in which the second transistor pack is configured to perform AC to DC power conversion when coupled
to the AC b ¥i8'the DC bus and to perform DC to AC power conversion when coupled to the DC
bus and the AC load abigicéhe transistor pack is configured to perform AC to DC power

conversion when coupled to the AC bus and the DC bus and to perform DC to AC

power conversion when coupled to the DC bus and the AC load device.

56. The apparatus of claim 55 further comprising:

a second switch arranged between the AC bus and a second one of the
transistor packs such that the second transistor pack is not directly coupled to the AC
bus, the switch coupled to the AC bus, an AC load device, and the second transistor
pack, in which the switch is configured to alternatively couple the second transistor
pack to the AC bus or the AC load device;

in which the second transistor pack is configured to perform AC to DC power
conversion when coupled to the AC bus and the DC bus and to perform DC to AC

power conversion when coupled to the DC bus and the AC load device.

57. An apparatus for use in with an AC generator, an AC load, and a DC
bus, comprising:

a transistor pack configured to perform AC-to-DC power conversion and DC-
to-AC power conversion, the transistor pack including at least a first input and a
second input;

a first switch coupled to the AC generator, the AC load, the DC bus, and the
first input of the transistor pack, the first switch arranged to connect the first input of
the transistor pack to the AC generator, the AC load, or the DC bus;

a second switch coupled to the AC generator, the AC load, the DC bus, and
the second input of the transistor pack, the second switch arranged to connect the
second input of the transistor pack to the AC generator, the AC load, or the DC bus;
and

a microcontroller configured to, in a first instance, instruct the first switch and
the second switch to connect the first and second inputs of the transistor pack so that
the transistor pack may convert AC power from the AC generator to DC power for the

DC bus and to, in a second instance, instruct the first switch and the second switch to
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57,f‘i”{l@_;rfi'\f‘a’pparatus for use in with an AC generator, an AC load, and a DC bus, comprising: a
transistor pack configured to perform AC-to-DC power conversion and DCto-AC power conversion, the
transistor pack including at least a first input and a second input; a first switch coupled to the AC
generator, the AC load, the DC bus, and the first input of the transistor pack, the first switch arranged

to connect U8 fietifutial e LaOSHIRTRRCKIRLIFAGLAFRRIAED 18 B AL BERC bus: @

second switch coupled to the ACngnerator, the AC load, the DC bus, an second input of the
transistor pdPRYtRRN¥EE e RWERH ARG S & o imR et RAVIEh HeRiIASuIBAthe transistor pack to the
AC generator, the AC load, or the DC bus; and a microcontroller configured to, in a first instance,
instruct the first switch and the second switch tq connect the first and secpnd inputs of the transistor
pack so thaté: e transistorfil Bgcﬁg_ Pr?é?/ %%r?\fxléﬁ'%?? %6%‘&" rgt}‘rlﬁ?h@%g;ﬁgﬁ%ﬁ%%sr fg"tg@f"f)eéjwer for the DC
bus and to, ii® stéeribeifisthpwiichiotaned Mefiswinmbeidhadrepsisint pastcle tbedPinect the first
and second ipiiatef Hhe RRISEIMLAG S Shatihe tfmémﬁ@aebdn@ynﬁgwﬁmé%%myv&r from the
DC bus to AC Eg&e&}%géhe AC lpad. 58.The a{)para us of claim 57, in which the microcontroller is

t 3

configured t8% 4P SRITRA! (S BARYEIAHRAR 'F‘i%ﬁ?%\ﬁﬁéd‘&a?%i‘ée&)?ﬁaéﬁ%oﬁe AC generator
and instruct leessetwrd BWitchwey twrine GHauseanh® fiupbeotindédraed ikt drgback tte thetDC bus so that

the transistok ARFSBROONRE S PRURKTINNAR GG BE0PIBINIDOG NG [OF JaRRC bus. and s

further configured to instruct the first switch to connect the first input of the transistor pack to the DC
bus and instPEEPTISWHER R SIRERtIH SRFR thrHEeEHIstAptisior PrREK ImtIsOF HeR% $8 the AC load so
that the transistaneaaksisay paciverapPéspmmad O powhieDe thesIC AL pEWErjekdheofkdoad.

AC load.

-28-



WO 2010/056453PCT/US2009/060786 2/10 200 210

WO 2010/056455 PCTIUS2009/060786
/16
““&
102 102
104 Wﬁg @ | @ @
N L [ [T
‘ gl
w—"S By
190 -
1
1" . o T - / 10
= 3 / N
112 112
B~ e
. 1%
3~ N
?34*\9_ | /1\“‘ 136,
130"




FIG. 2 WO 2010/056455PCTIUS2009/060786 3/10 3 Oc FIG.3 WO
2010/056455PCT1US2009/060786

WO 2010/656455 PCTAUS2009/060786
/10
20
~ 210
; Q : 20~ ——
4
A
RS N NPT N
; 206 28
202

FG. 2



4/10 400 410 410 Fla 4 50

o 20}6,956455 PCTIUS200%/060786
3/16
300
T 364\*71“/ 336\»—7&*/ 308‘\»‘23“/
i @ ; 3?2\::
-
R = . .
} 3{}4\*;2& anp _Z\/ A
0 06 308




- 507 5253 Fla5 WO 2010/0564.55PC1711S2009/060786 6/10

WO 2010/656455 PCTIUS2009/660786
4/10

405 404 407 406 409 408

S S

OO

/ /405 404 407 406 409 408

402 403 \M{/ s \'“7{/ s \WE/ 3

FIG. 4



612 FIG.6

PCT/US2009/066786

WO 2016/056455

5/10

e e e o e e 0 e e ek e e 0 o]

N

<
521

%

AN

N R L




WO 2010/056455PCMI1S20091060 786 8110 800 612 11. TRANSISTORS

WO 2016/956455 PCT/US2009/060786

6/19

600

Xf 614

T t e 7000

E -
DIODES . BUS

/

622

FIG. 6




834 FIG. 8

WO 2010/056455 PCT/US2005/066786
7/10

700

614

L ~T006
AR ~BUS
e




9/10

WO 2010/8564558 PCTIS20609/060786
8/16
B0
N
612
B4
JR pusm— DS
0~ /‘ TRANSISTORS
ﬁ ™
B e o +
DIODES ~T00C
R B Bl
§CRS »
e o
9, 827" | TRANSISTORS

834 /%



WO 2010/056455 PCT/US2003/66G786
9/10

900 e
- =

~T00C
~8US
| e—
822 otp—"" | TRANSISTCRS
52

FIG. 9



WO 2010/0564585 PCT/US2009/060786

10/10
1000
N 1014
_ \
GENERATORS ~—
TOLOADS
AND STORAGE = A : ' :
DEVICES | l l i
b b
104"
/TGUG
100" _ . :
+~TODC
/‘ BUS
1020

FIG. 10



