WO 2010/056455PCT/US2009/060786 IMPROVED DC BUS REGULATOR CROSS-REFERENCE
TO RELATED APPLICATIONS [00014]This application claims priority to U.S. Provisional Patent
Application Serial No. 12/269,703, filed November 12, 2008, which is incorporated by reference herein
in its entiretyVFESHMMEEAL FIELD [0001]This disclosure generally relatestoigowePi#eiiémission
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 10002]Power

transmissions networks can be mggengh drsyrtanss RECSYsieMapr a combination of the two. AC
power networks have conventionally been used throughout the world. However, DC power networks

have certain advantages. D@ poseRnetwerks.are Rasiaro design madidmplement because they
introduce no reactance into the power system. Higher efficiencies from generators can be achieved in
DC systems becai@@ldrly redhpowrstistemshminedrikdditiondlly, Paralelizatiacof powkrasapplies is

simple heeayisg, the operaingiliequensy M BC aRVeRHPRIIESIH Otiz: ENIRIRIR. NES¥Ehonization
is required when additional supplies or loads are brought onto the network.
entirety.

TECHNICAL FIELB

[60017  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 introduce 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 0 Hz, Therefore, no synchronization is required when

additional supplies or loads are brought onto the network.

[0003] The conveniional 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 generators
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,

[6004] 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.

Dyrilling vessels are not anchored in the ocean but are dynamically controlled to maintain a
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[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 previduslys@splained. High-power generators available today typieatiytseeeusee s power.
Therefore, operation of a DC transmission network powered by AC generators requires conversion
from AC to DC and vice versa. [0004]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 vesgels aueant ?ﬁ‘QHQrS&éB.th%ﬁﬁ%@?s%te%%egy%@%l%&%%8&'1%9&%’11919@}5&&{1&! O
2010/056455PCIAIS2009/060786 desired position in the ocean. Thrusters are used to maintain a

position {{RFACEpEEFE R PRAREE S A HHNRG ASTEPREIST THIGsERArerpispe T ahlses Wifieh can

have vagiahle satationspeedand szimstbrbanglapithe blades . fhese thustiers amveperaiad by a
power supply anboard the drilling vessel. Any failure of the power supply can lead to displacement of

the ves<Bl bR EHHSRREES of HY dFING SpH4 AU T Ebh FRA5E e SMnTE b &att’ would
need to b dwiechanitallyldecoupisdrand necpupiachaiteiiiraponarsuppbitisirestoredtand dhei position

of the drling vessel i correqted. [009510ns methad of fadilfating,a rellable power,suppl; g o utiize a
DC bus Tor powering ﬁl?ruscter and other compone%ts. Uch a power transmission system is
demonspetgdinHIGURIENE trsstich @sysiain, 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 D@bus; TheiptermediaterkGidus Moy barugMented it RCaaneraterswk a battery

backup system. Each motor or thruster, as well as other devices utilizing.the intermediate DC bus, on
board th&'drifiG VeI EBUGRE e AREHRRHIEe DCBushPEUGh ABETSRE cBiidher
[0006]F ekl Rzt daisdai blookidiag ram lil usitating ateon weatienalr DGpyoltag@diasally 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,

[6006] FIGURE 1 is a block diagram illusirating 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 transmission to line 110. AC-to-
DC converter 112 couples to line 110 and converts AC power to DC power for cutput 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
1335 is coupled to line 132 to condition power for load 136. Load 136 could be, for example, a
light bulb.

[0607]  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



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 ¥oxranstesaier 108 to condition the power for transmission to #oe/dsBowdssta C 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-lpagdsiakhe sonaected: Moaﬁlﬂe%%&&yp&%m.'iéaﬁéo%%da%mkgr dspuld be, for

example, a thruster. ’Additiorially, transformer 135 is coupled to line 132 to condition power for load
136. Lodi#188%buld 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 method8i8¥D 2Qk/@bst5aR CoF/WE200H066+%86 eanvaentionalyempleydheruse of either
diodes, silicon-cgntrolled rectifiers SCRS), ar transistors. [0008]0On aratus.for AC-to-DC power
convers?o]ﬁ IS gaéll%d(e%lrgéecﬁ%fzefs ‘6‘?%1 %gles) Bgé%c%‘ ﬁee%%ls{se{\:/%nr"a -?8#?@%%’” &llbd%nrﬁegﬁllg?% @g%gmonly
known. @nbliypicalidibdavediifibr is-affull-Wayé dipde restifiensthel Allnzowerebystend paidiiting

vessels typically ilize.a ree AbRse AR s Yeh hat &%QQJQ%V%CI%%& iQuiratign s, typically

used. Diodes conduct current only when the voltage at the anode of the diode i$ greater than the

voltage &P¥HEcEStHEBEE BRihsibHE, WIGERE Daszpdené MatbatestramagaetnVentidnar didte

full-wave seetifiesferdniga-phase via-power. Rinde.ractifief300.a¢cepts-iRmb fremdthiga-Rhase AC
source 202, The rectifier 200 includes diodes 204 for. rectifying the first phase, diodes 206 for rectifying

the secdRtiBader AHEREEs 268R0F FEctRM e il PHASE R0 R AL S deshlSn/ach case
to produge:eetpol.frame bettfibeJositveACHKyote a0l ihenegativeiAGicygiaaddjanes:204¢ dindes 206,

and diodes .208 are coupled hetween the AC rce 202.and the DC hus, 210. acitor 212 is
coupledﬁ%: Iiﬁcf%uséeﬁ%ﬂé:}] é‘ll\‘?%’r%% %gifigaé %%gfgsl’g% %@ %usezﬁ%gvﬁsﬁﬁ%eregfﬁ%r&éﬁ%?s%ﬁown asa
single rectified anramgem_@ﬂtt;osmmimmawbarmgamemsitw@m@p_wbr zzapa_:cityagsaydoaﬁlacgd in
parallel [g.gteain i eoHlier 200, 4k aoREI0onercanagity R0aPIRda ectiers Ay amypercialy

availablefrom various vendors or can be constructed by arranging individually-purchased diodes. The

advanta§éshesdiddle Fapaiers Hré imotned sstlst e bordpBrientsrigdividuat dipdles emBedmplete

rectifiersage refativelydnaxRenslysforigh-ReWerGMIGUIRIRRS k&  SEURIALBIEBRWANS (YMY).
Diodes are also relatively small devices compared to other available solutions at an eguivalent power
load. DiGHEVEHAsChENehar % £0RAEBIY o Psahie MEbthptcrotage witdishent KdBitionally,
they onlyighadustén @peacstivection. [0010]As a result of the inability to regulate output voltage or current
from diode

[0669] 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
iexpensive 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 illustrating 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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rectifiers, SCRs, also known as thyristor rectifiers, have largely been used in their place. FIGURE 3 is
a schematic illustrating a conventional arrangement of SCRs for three-phase ACto-DC conversion.
SCR pack 300 accepts input from three-phase AC source 302. SCR pack 300 includes SCRs 304 for
converting thedirstqrasss SCRs 306 for converting the second phase, angCSECRe8@&fmasconverting
the third phase. Each individual SCR includes a gate terminal 305 for WO
2010/056455PCT/US2009/060786 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 gaupled 19AC 30 9eR0Z 2RI D Ak A0 SABREIOLALE B GRURIALIO DG RE ks 31010

average ripples on DC bus 310. ile SCR pac 0 is shown as a SCR arrangement, several

individu&&fr aRg EineResSone potfer taPacy madt bédpiaesdbiRsatal ertserelstia SCRwsek 300
with a highesRowascapacity. [QQLi UYL curantdnay Be reowated indhe LR Byicostrolting

through gate terminal 305 when in the AC cycle they turn on. SCRs also offer the low cost, small size,
and relidBiity Bf didis® TheHisadfdhthga b TR STOR STERING W Bh ATARSSLEE L in
synchrosizattiopowithdhedG pawee pupplias. pAmBelesulieihey SORNotweliGuieditaibandietde power
load chacrzlx}ggétexperienced during instability in the power system. Additionally, once the SCR is turned
on throug ga?é' terminal 305, it may not be turned off through gate terminal 305. [0012]Transistors
offer yet another solution for AC-to-DC power conversion. FIGURE 4 is a schematic illustrating a

conventional arran§8fdnt JPHARSRIGEE f81eth Rse smaded At ths-BIERs dwerabrYEISIBROTHAREIStor pack

400 acceptsiRpabiromthieenphase Ak soyrea 402, Tansistor packrOdinchidestrangistors:404 to
convert the first phase, transistors 406 to convert the second phase, and transistors 408 to convert the

third phaS& AU GO ciodE Sesy AP e Bh RS B STRYS T RIS 8IS A8k THHrBte% Fansistors
404 fromydamagingmoliagesvhiChmay deypélsp asgrassstransisians 404 wd completeathidepower

transfer cg&:gg%ozhl&ggtug is repeate for diod SbiAh gzno&pled to transistors 406 and diodes,409

Q7 tr
coupledto transistors 08 “TRaUEtSes ﬁiﬁgn(.goﬁﬁlﬁon ttjﬁe po%vg?‘%%lfé’ &Faac |%d§ﬂ FANSISLOrS e48‘5,
transistc¥s 2 d6inand! ranbistats 408 cTnarsistor st 40y, thsistorsdddb (rangdigiors @8 mrie30bupled 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. Whilggransistoraak:4Q00iges hawn R ISR 18 ARTBNISNt ;5@ erab iR eivisiual
arrangements of one power cap,acit)émay be placed in parallel to create a transistor pack 400 with a

higher potVer taaltity StOBT4TF ranSEEsRS Sosdnsa gl AERMEHING Ml At LI SR E as well
as the allityst>Copdrot:otand Kbhtimingsakipgtheit acbefteri salutiemunaer ptansiasstastdting from

real loadg, Addifionally, HansiiorR Aliew AWSH loyin St ire glioRs trouan e cors 406 o
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 1s repeated for diodes 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 resuiting
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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converter. This allows power to be moved back from the DC bus to the AC bus. It is typically WO
2010/056455PCUUS2009/060786 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 occupywigmificeint? larger amounts of space. Additionally, transisto®CafERHEIRSEIEE break easily.
[00141Thus, 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 set of one or more

transistors coupled toithe-AGRUsARdcouRled iadhe Qfedkuss pisliohone.aemenedindes-goupled to
the AC bus and coupled to the DC bus; and a microcontroller coupled to the set of,on§, or rgore

transisterecomRISISEN iGTe RS e I FER FHBW Thid B TAS KL COE SRS PRIBPE P8R ’

and to

regulatethe sweent Bowdhroughithe.sey, of ereormeregiodesd Fhelnsisthcontroller can be configured
to regulate current through the set of one or more diodes by regulating the voltage on the DC bus. The

microcontrolier C?é@ﬁ?l o begonfigured fo,regulate chrranilowdaroygh the. sgtk oh.one.ormage

transistors and the set of one or more diodes such that substantially all power flows through the set of
one or sapreiliGresistosswhcaibpowarkbat bty Dedsisas pammna ratogshdriafige. 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 capacitynmsrenhafirst totalipewereapacity 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 [ st tétalappwenedpacity Thecappatates ean Bisbindiebles sesof oneor more

power eonsuning.of sloring deichs: 2R SHiCh AUt iasha R, usAR e e sebglane or more

1 ; !
power consuming cfewces, iIn which the microcontroller is further configured to regulate power transfer

to the setupledrie Breriéidponsr eomithimger idey dslraycmsarselist SAPEENRIBSSNVET

consuming feyise5ANIBHULR AESISIOIS Iha-setif ene-ar MmareRowsr Gensumingidloyigagecan
include capacitors. The set of one or more transistors can includes one or more t(gagsistor,ggacks, each

transistER R T ARg G 8HH Bp it WER S ERRr HEURE Fife Khphralts Tal IS0 &tie: A"Switch

arrangeg:hebwaenithe AGdusnaidrenecciihesteansistor haealksh shehdhat the transisteliqiskbis not
directly coupled to the AC bus, th itch led to th bus, an AC load device, and the transistor
pack, iTSEHEEh %Ww&‘f‘g?so&m?g%g& @& al gﬁ]a ﬁ/rgﬁlog%(?p%é the fransistor pac etclig t e ﬁ%gbgus or the
AC loadhdevic@pin thitcghtlie: transistor packds: comfigrscatel phefetincACntooMpre diodes such

2010/0%163%53358 agégﬁzzaqué%g%%%s 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 oF
storing devices; and a switch coupled to the DC bus and to the set of one or more power
consurming 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,
cach trapsistor 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 direct!y 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
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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. [0016]An apparatus for interfacing an
AC bus and DC bus includes: a set of one or more transistors coupled to the AC bus and coupled to
the DC busya s8866682 or more SCRs coupled to the AC bus and coupledto#E B¢ 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. The first microcontroller can be configured to regulate current through the set of one or

more SGRsreghatinghthaMpiagaendhe DL s Thedissbmisrecates|iestam fixther Acgulate
current through the set of one or more SC%S b%%?éggléi@%t%ogates of the SCRs. The apparatus can
r

also iNBRIGE: QEEEHA Kt S8R DI RSB URISY 'e 'SCRs; in which the first
microcontroller regulates current through the set of one or more SCRs by signaling the second
microcontroller. TH&Iicroéorirplisrtealrbicohingred 46 rbyu e RhrRest MW Gugh theet of one
or more transistors and ihe sef 0f A8, eryOIE.SCRA-sUsHHbaisubstantially @ik pewerdlows.through

the set 0f oné or more transistors when the power [oad of the DC bus is within a first power range. The

set of ererbrhiokbethdistoradcamPISddoatin P obapRNet BAY ARINPSRFIHE SEP BN dP ke SCRs

can haye 4 secand tatalReWe L SERACHY (Whetgatberlirst ielal lowelrcagaditysis essthandbe second
total power capacity, and which the first power ran%%i/s between zero and a Igﬁﬂsthahi% q.xrg}amically

choserTaRSis4RES BASdA GrRthairE toRATHbWEN cHFAME Fhah Sharaud B aIgs include: a set of one or
more pewes-eansuing devieespand acswiicheauplest thitheDGdes ahdito therset 6L8tebor more

power consuming devices, in whic firstynicrocontroller is further ' g power
transfef" & e et :’ﬁ% 5r ore p%‘%&d %‘on&&mﬁ%&é? e\(}fgé:gf}%fﬁgégé? %%%ir%gg?%%ﬁ&geépg%v@consuming
deviceshearpindlude: refsistors. Ahe SSIRY bnewmombre Ponesisonstinibightevites parmieies
capacitgrs. [0017]A, method for inieifasing apAddrs GeuplediofaetelianepLmetegenatators with

a DC bus includes: coupﬁlng a set of one or more transistors having a first total power capacity to the

AC busTasrdaentha B esusisotlion S1Eutesi B e rfore SRS mahidy Serameiasseier capacity
to the AG.bus,anslite. theDGidessAnsiEpamating.suisertflowshmaughthe sebef tinmel Merertransistors
and the set of one or more diodes such that substantially éggw)%[glﬂ%vgs‘;grou%hlﬁe %et ofe(gne or
more tréinSRSIOTATE ATERE HOW PO A SFH\RICP Y0 DB/BSES 1 §r586788 thé' DEBS is within
a first powvar dapge; whereis the: firstiatalpesessapagithis mubstintally fesbtham thenttal power
capacity of the set of ong or more generators. The first pawer rar . tin part, to
corres brﬁ'dpf?)wt?femﬁ’&%igﬁgﬁﬁteolnovl?/%?éhn}%lg (%)r\z}%srgﬁog/g%%jawr?‘%nﬁg%cglﬁgé%%{?\%%%%%}faFlrt??rgé
generators;itheeAT bose aitRtheaDEabes, isdamdviriab ivevksseaeable. Wivscfike fotideidneean be
between zero a0 é}s'&%%'m&%é&%{&k&@ﬂp%&ymﬁallynahgﬁﬁﬂ,gm: pst RaRed-Aptheditsltatal power

capacitflz.lpflﬁleyleve can be dynamically chosen, in part, by the capacit%/ of the one or more _ﬁenerators.

The regetating edenshiimsvs siapaigrivchat regubstin §VERAGS TR PR BOR e TP HiktholSIso can

include;, CouRlinga HIRYGR-R EWiECh: hieRCoPHB IO fo5et 65 RRMBTzreIRQOWET Consulingpiristoring
devices; regulating current flow through the set of one or more power consuming or stt%gngr&evices

when the Bwer1Ga8 819n@ iR 16 7€ SBOVE ASECHd TaVE T Lo S5 vl RAETS ynamically
chosenyin:pashiRakedsqarthe: fiksifigtat onercapapity=1 6818t n dppstatisdorA@deDCvand DC to
AC power conversion includes a set of one or more tr nsril%t [ gggsk sach liansistor pack-gonfigured
to operStARETEE5SRe Ul CBUPISHtS an AC %‘E‘j%féﬁ%mé Dggbus}cassvﬁ%c% arranged between the AC
bus andeoné ofthertkangiston packesnghithnestrarntranBidecrapadikors-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 alteigaiively couplenhie tsansistoiRackiosNerAC dougled theaAGt edddeicanimewhich the
transistor pack is configured to perform AC Eo DC ower conversion wh%' fole1 led %oftlpqt? (At% bus and
the DC BHEANEHY HeAdt BE 15 RESH SRR Bt &rsiontheh C8lipled to the D Bus and the AC load
device. fheappataiusHean alSkincnde thséuOhdswitohiiaganged betweenaeiRCebiigangisa second
one of the transistor packs such that the nsis [S.hot di AC bus,
the swit%eﬁ(}élguf)citeaté Pog e A%%&g,qgnﬁecﬁgg{ﬁé%e?da% t%ﬁe?siﬁé‘c%dn%ﬁa{%gg%;ﬁ%i%QMh the
switch iticonfigtredto aftemmativelywouplatsose abAdieasistdr pciototre AboBEs Hhd8E load
device; 'aﬁ‘b‘é‘ég'h‘iﬁzé?%ﬁ%%%? HansigiRnRRGkIS QUHigHrer iR REFIRITHAG QG HOWeIe0pEEsIoN When
coupledgto 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. 100191An apparatus for interfacing an AC bus and DC bus
includes: a set of one -6-



or more transistors coupled to the AC bus and coupled to the DC bus; a set of one or more SCRs WO
2010/056455PCT/US2009/060786 coupled to the AC bus 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 th&€etia$/87%é5dr more transistors and to regulate the current floW- égﬁ'mﬁ(gﬁéﬁet of one or
more SCRs. The microcontroller can be configured to regulate current through the set of one or more
SCRs by regulating the voltage on the DC bus. The microcontroller can be configured to regulate
current flow through the set of one or more transistors and the set of one or more SCRs such that
substagtialy: ahPRWaHIP WSt augh: theset whasm ehanioe ransistars apeiihe powentelyl of the DC
bus is within a first power range. The %%oftoqe or more grag&iségorrss C%ﬂeh%\r/q acgrésftrggﬁgé power
capacityFaFHBCLaEOPOHE SPIATHS EERSTAN RS dS8eEhd total power cagacity, where the first total
powergapasitydseissstiapthetseoonshtotakpdwereapasity; andhidiichethectirBt power vange is
between zero and a level that is dynamicall sen, J anthe fi wet, capacity.
The aﬂB%\Ff‘lé{fffst C%%”%|%rofﬁ‘ﬁ§‘fu%%?r§x§§fo eoéﬁ %@%’l%ﬂé %8%%%%1%%ing oi&r) iﬁg%%%%%%éeqsﬁind a
switchfosupied:todie DG bubeamertozthie st fnk dhmisissewee donatvathy deRAtR<PiRhich the
microcontroller i furthercenfigured fosegutale Raweranster-in-dheisetleneiRmmareypower

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

The setapfefieSrRAGRS FOWRSF COFRSIAITY JERACEECHH N CIITE! APE S S AR B SF EHE B more

transisigis, cag;nelude ane anmekersansistenpacksi-cashpliapsision gack-cofiighrdd tdoperate as a
separate unit. The apparatus can alsa include:.a s¥i\/itch arran etdnbetuwe%pﬁh% @hlco E)U s&glgspne of the
transistoithBERERIHITRINE (rARSISII s K IE Hot Bilece] €8uiea 16 the AC bus, the switch coupled
to the ACohus: aivAGdeaddeviesnand theitrdsistes pack tin phich vl siviteh§’ donfigevedrto
alternatively couple the transistor, pack to the AC bus or eyiceyi ich nsistor
pack isacsi?ﬁﬁﬁ??yg&%o peFfoSFr?”lO%\%}%eg %CE)J\/eng ggﬁ\ﬁjc:a%o%%%v%&n%i%gég%g %h%ﬁx%@gggzﬁ?the DC
bus angotespestantyDC to AC power conversion when coupled to the DC bus and the AC load device.
[0020]An apparatus for interfacing an AC bus and DC bus includes: a set of one or more transistors

coupled to the AGgdaygiandsgpupiedda the RC busia.setnf abendr paere SERe doupiethdestire AC bus
and coupled to the DC bus; and a ﬁiﬂ% mi%‘rocontroller C ugl to @(?Osete%tgrzllgé)ge%%?et[lqnsistors
configuis PP GG IR FHECHFIFNRATOW TRFSUGH TS E8F 6T GRS '6F more transistors and to regulate the
current-fgpidhrough A sst afonddr more: SERS! T fiest mivrorotitrofiér ban 1€ cvafrfuted to
regulate current through t of one or | s PLpgulatingthe yRltage Qo the ReG:hus. The
frst iGN S uﬁ@%ﬁ%@g%%%%%ﬁ%eﬁntﬁ %lv%o?&%lo 056455PCT/US2009/060786 through the
set of anedednorehS AR’ . contidllifepthdeyinesofthe SEREstThasppitatiiicBaiaBiftiide: a
second, microcontroller GoMpIRA 49: e Qre-hmereralRs; i wiichutherfirst miciesomEaier regulates

current thro gh the set of one or more SCRs by signaling the second micrpcontLoIIer. Tlile 0
microcorielErecarnBE oM UFCPIT FRGHIRSTEAFBh ol bR HE ST SPBRL EY R8Pt Shsistors
and the;geh of Qe moreSeRe:sushdhahsubstantiallycalbpoweefiawssthroughpibé sehoDéhe or more
transistors when the power load of the DC bus is within a.first power ranae.. Th r more
transistdts EhHadE AR ETIEF pdRe PREEDAE Y Bh RSt d%f dne or msc\)%ie%cgééaéggéar?ﬁ%%%ec% second
total popencapacidwheterihedistiotatpowspcapacitped ldss %Sﬁﬂ@@%é@@ﬁ&%ﬁ%ﬁ/é@tcapacity,
and which (e fist pavier,fange i, behuesnacta gitdadare! ihabis unamisally éhasenein part, based

on the fi‘f’g‘?ct acf‘cfc])i wer capacity. The apparatus can also include: a set of one or more power
consumingrdevicesstangalswitchiioughsdstoittie DCBiisHrd (6 MLstisrbnersPihbte vt

CO”SUW%%‘%%?MJ GeRi oWhich Ehe, firsh micracondiallgeis-durtherisontisured dadregulaeppweriansfer to
the set of one or morenpower consuming devices. The set of one or mor%g%wer C Q;SUSQ SdeV|ces
can incsadigesidtisr s TRaisA P dfe BRI FODEHECEREY ANHY e\ dBS canHctliad Sapaditors.
[0021]A,method ferintetfaging@nifebism caupledii:a seiptdne dreniasrebyerexatbes ithcadC bus
includes: coupling a set of one or more transistors having a first total power capacity to the AC bus and
to the Djé"l‘ﬁfs; coupling a set of one or more SCRs having a second total power capacity to the AC

bus and to the DC bus; and regulating current flow through the set of one or mare transistors and the

set of one or mord ®&Rs suehapriraubseausnAanpanSF i Bighihndatst 458 & e
transistgrs, whenihe powetlnasoiibe\PG humiscsilhie fist powes rangesidiergimtize SicRotal
power capacity is substantially less than the total power capacity of the set of one or more generators.
The first power range can be selected, at least in part, to correspond to the power range in which the
overall system, which includes the one or more geherators, 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
cat 0of one or more nower conciimina Nr otorina devicee when the nower lnad of the DC hiice iec ahnve



WO 2010/056455PCT/US2009/060786 a second level. The second level can be dynamically chosen,
in part, based on the first total power capacity. [0022]An apparatus for AC to DC and DC to AC power
conversion includes: a set of one or more transistor packs, each transistor pack configured to operate
as a separae ewit/edidpied to an AC bus and a DC bus a switch arrangetFIEwEeHIg§e8AC 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

transisfgr, pagkdscOnfguRdLe E@ﬂﬁéﬁ%%@%@%ﬁﬂ GoRKgEsiarinen seupled dheAE bus and

the DC bus and to perform DC to AC power conversion when coupled to the DCf bus and the AC load
device OThe PP ARTS B ASBIAEI&L euisn i e RRERA RN B WERBE R The! AEBlisAME a second

one of thetxansisted Rackssueh thatithesecnnd tassistanpaek is neidisectiy;eodpid tothe AC bus,
the switch coupled to the AC bus, an @C loa é:ievice a&d th%}s{ﬁg%gd tfan%i%[c)él%%cgd é/vbhich the
switch TR CSRAYEREE (528 RS HARUBIY Lol plEaHA S SEBRY traRaistor pack Fo the ACBUs OF the AC load

devicepdmuhnich thevsrepndntraa $isidnpadkésitonfiguned ¢o EerferreAGuedIC IBQW@JG cwmgatsion when
coup R, e De GG R %6%%%%%19;%1%0&%%@@6& ROWeL GRaNessian whengqupled to

the DC BUSs an C load device. [0023]An apparatus for use in with an AC generator, an AC load,
and a BOYusiahyludesvatfmesistorpeicikhecnfiglrg & P FARACHH-DEh RIdOEsHVENIGh and

DC-to-AC BeWet fOMNRISIOR- e lansisier packincibgieg,adrastadisatinpit mid 2 seeens input; a

first switch coupled to the AC generator, the AC load. the DC bus, and the first input of the transistor

pack, tHeRSE&MRER arbiigea el ORrmacriRe FraSpOaY e HanGdesH FRUEIS Y AL §BHErator, the

AC loagheo: thadeff pussacapsandiswitshicoupledeioibadd generatpade AQ leaidhtieDigbus, and
the second input of the transistor adck,lthe s_gcpnd dswitch éad'_rarll}%eﬂdﬂtoncoQl_rtle{:):g'%stgl?eoset(‘h%nﬁlr ipput of the
transisfSPARYE PR GErATR PR AE SRS SPHES ARd £ roffer Configured to, in

BUS and & rhicrocon
a first instAnee;cdnsipacicihelfiestsyitehsard theosecdode swichftoncanmecteipeficstangmerond inputs of

the trangistor Ragkso Mnat gk MAYEORE LG PMELIT AR fle ACYsReRR o DC

fonng devices: an th&%@%ﬂ%&%"ﬁ@a _ :
power for the bus and ?o, In‘a'second instance, instruct the first switch and the second switch to
connectcivafiist e secon s nputeeohipwoep0 H 106 Gu8BF CE2O0D 106 a8 e HHES pack so

that the trapsistol RAk-MAYEPVRL DiasRawey famihe RGiBUS toRGaawendastheAGdaad. The

rnicrocontroller may be configured to instruct the first switch to connect the first input of the transistor

pack to-fHEUAMg S EiEbFAmMESHEE JEE i S e R S WHORS CBISFRBPYHE SERBTINRAGY GFtHé ransistor

pack tothrdaChusisRsthahthedansistor poek amycanvar Athiewae omdheaAiigenenater to DC
power for the DC bus, and may be further confi%ured to instruct.the first SWitCar%lt%%chF%te xge first

input of B TFASHE PRI HHESH & SRS AN s R e Sl ont SWRAHYS CaRkect the Second input of
the transistar paaigtd thewdAG badwsbithatti etraofsistarjpsiciomayicomedrtidCheowesiftonpable DC bus

10 AC ROWST IRLANG £5-RA% REXBAMCHodIRbY SRR BRI B FARE R LLASHRIANG
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 o AC

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

[6020]  An apparatus for interfacing an AC bus and DC bus includes: a set of one
or more transistors coupled to the AC bus and coupled to the DC bus; a set of one or more SCRs
coupled to the AC bus 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. The first
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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DC-to-AC, or DC-to-DC conversion in conjunction with a generator, 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 method also includes coupling the transistor pack to the DC
bus and th&vipati08Ihat the transistor pack may perform DC-to-AC cEREFSIPEI6$ELt0-DC
conversion. BRIEF DESCRIPTION OF THE DRAWINGS [0025]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

vogag%;?&%ﬁqultgegamm@ r?;&é’@.tt@eggﬁéaﬁgﬁﬁﬁﬂg%g%ﬁg@st@mg@mﬁadﬁe[ﬁﬁé’aﬁ'ﬁlﬁéiRE 2is a
schematic illustrating a conventional six diode full-wave diode rectifier, [0028]FIGURE 3 is a schematic
illustratitig LEBRSeAtBTArARERREANHI 5 §@’I51§40$”At&9t8%€rc%%r§é S'[O%)f% EI%%E% gritis a

schematig-dhdstratiBoraccomventionalarsapgeiment of one or more SCRs by signaling the second
microcontroller. The microcontroller can be 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. The set of one or more transistors can have a first total power capacity and the
set of one or more SCRs 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 is between
zero and a level that is dynamically chosen, in part, based on the first total power capacity. The
apparatas 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 regulate power transfer to the set of one or more power
consurning 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.

[6021] A method for interfacing an AC bus coupled to a set of one or more
generators with a DC bus includes: coupling a set of one or more transistors having a first total
power capacity to the AC bus and to the DC bus; coupling a set of one or more SCRs having a
second total power capacity to the AC bus 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 one or more generators. The first power range can be 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. 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
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WO 2010/056455PCT/US2009/060786 [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@eedréiteiio one embodiment of the invention. [0032]FIGURE/¥5&8%46Reihatic
illustrating an exemplary DC bus regulator using a transistor pack and a SCR pack according to one
embodiment of the invention. [0033]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 lstiating anexemplar,Chus: regaiRbIly chosen, in part, based op the first total

power capacity,

[0022]  An apparatus for AC o DC and DC to AC power conversion inchides: 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: 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
configured to perform AC to DC power conversion when coupled to the AC bus and the DT bus
and to perform DC to AC power conversion when coupled to the DC bus and the AC load

device,

[0023]  An apparatus for use in with an AC genperator, an AC load, and a DC bus,
includes: 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 connect the first and second inputs of
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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, DC-to-AC, and DC-to-DC conversion according
to one embodiment of the invention. DETAILED DESCRIPTION OF THE INVENTION 100361Fast
switching charactexistiss in a DC bus regulator are more likely to be need€@/HE¥optstit¥es 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 U&%%k%éé{@?5%519%4%%tﬁéetaM%%m%teoqurﬂ@epg%ﬁ%ﬁ{ gapaeityupdarthese

unstable conditions, the quick reaction time of transistors is desirable. However, when the power
systemPRsta e hast SWithingin Y et e PRSURET. Witerd evecthit SHRRing of iraigigtdrSis not

needed,dipdes,on2CRuMAYHRE AR shuablerand casi-efiectve saluiomiorpaweasgenversion.
[0037]By recognizing that the fast switching ability of transistors are onl%‘ needed durir!% certain system

conditiGABT S AR FORF JBRL b A0 AL LT Y PEtK 1 Jeherat P e dnality SEhaNEEToP A SH8hore
drilling ¢tgh powarsystam fasysteminahbedesigDetl jovecl istetikaDsistoss capaide bt dalyhhandling a
fraction of the tatal power lgad.along with diode or SCRs to handle the remaining load,,Thus, such a
hybrid g%{ [Thay BeTae u%% }‘frslgé?igzlgg 211:1}8 &o8 %1% %@gr %ngg}g gﬁaé??%?éfg&%%%%écompared
to an aﬁuzm@éwnmdmﬂﬁeMmMI‘p@w@ﬁ de.m?ﬁnelﬁt_ﬁf rﬁaih‘m@iﬁﬁﬁg fBaSIKSWitbhiﬁ@ability_
when needed Realisalion el ek .vslaubieoLBoseible Y IPl catining ha wadaghnologies
since both technologies perform genérally the same function. Rather, creation of a hybrid system
require#dilizing a control system that recognizes power conditions during which fast switching is more

likely to be needed and power conditions during which the system is likely to be more stable.
[6024] A method for using a transistor pack capable of performing AC-to-DC,

DC-to-AC, or DC-to-DC conversion in conjunction with a generator, 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 method also includes coupling the
transistor pack to the DC bus and the load such that the transistor pack may perform DC-to-AC

conversion or DC-t0-DC conversion,

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] 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 loads.

106027]  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-t0-DC conversion,

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

transistors.
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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
consumptiorisy 2He B 5us on x-axis 502 Lines 503, 504, 505, and 506 régfrsetttiedtal 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 conductiopgéagegiongiathe tr@n%is@glgl@pggjgﬁm%b@@] axeseded, tmgdg%ﬁ{l% switched
on to assist in handling the larger load. Region 52 covers reverse conduction from the DC bus to the

AC genérafisn e dion B2 RRSRYE BB A EHArFRBYES: iR PBEIIRASS MY AisiBt6R fiinction in
reverse conduction. In region 522, the capacity of the transistors has been exceeded and a set of
resistors or other fédin corisdinptiond as storadgedevidbs ane rgyvitc hedwopl 4oy cOnS bime raghdidional power
off the D bz LIGHRE 2ullstiplgs e CIRAY APSIRUNGAIRRN: LGS 702,30t 505, and 506
may be pre-tefined 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 WA 0036 FIEURE 62is D EBALM AR HiRiEtRafin g EHTEh AN PBC BRI A8Gulator
utilizes traingisterpacksand diodes prcksRacaiting o one-aivbadiment afthe-déavention. Regulator 600
may be used to implement the operational graph shown in FIGURE 5. Regulator 600 accepts input
from three-phase Afq ggurce-gq2ggondifionedby iansiormer 804, A lpical-vakie for AG, spurce 602 in
one application may be"11 kV. Transtormer 604 outputs voltage onto line 610 and line éZO. A typical
value fob$iRE$ 6PTERA6XTIREGOOV, BB AR o BREglal. Transistor pack 612 may be coupled
to line 610 and DC bus 614. Transistor pack 612 WO 2010/056455PCT/U82009/060786 may be
implemented, at legi3partiafiyGURAGYransistdepack 400:imfte Uk Ex4nipiade packie 22 snayobe
coupled ta line 619tand C blégtoalééo[;é%getg%%lé GZgOg}%lt&e pr&%l%@g&tlgg, at least partially, using
diode rectfigf 200° R FIEURE 2 Micracorfroller 61313 operaﬁve y connected to transistor pack 612 to

control the current flow through and output voltage of transistor pack 612. Microcontroller 613 may be
any control systen{%éblemﬁ'o]lﬁrﬂﬁ frataktoigEek BIPtI dssvereRanipies &prsgBfmmable

microprasessokca digitat signat psacesaar L LB faldLreawmimnneable gataasayn('FPGA”),
application specific integrated circuit ("AS1C"), or any other logical device. Microcontroller 613 may be

integrated with transistor pack 1:2{ t , odiment, transistor pack 612
may independently monitor theg{/'é {g%gb 3%5 E%g%%%?é%f gfllf}dl%rg%u étg%::&t}ﬁrent flow through transistor

pack 612. In yet angifief embrinankiinads cennesiedia sg alok. 000 mayadenfiawsd e provide

input to microcontroller 613 about future power demands. [0040]Turning to FIGURE 5, in region of
operatioffsdetl 4 QiBstiftialFeratETof thdtotartainaienr sy tRretdH ray i Bicdotr %S through
transistaapacki@iRdla s Rrefaredemiediprnihibis issateampliskeddynmigasenytte raddgontrolling
transistor ack_gqlz su&\h that the voltage on DC bus 614 is at a level below the voltaﬁ::' %n line 620,
causing e HBHES 25 NSRSHAUBE Micrd S8 it M@ 613 MayHE5 S ISy SIaS B hat & Sirrent
flows thrbilhgragsistoppaaksgl2ronsidply bechthbdlavaubstdntinlagoriienfiolsdhreugh toathsistor
pack 612 and a smaller portion flows through diode pack 622, . When, the power load increases such
et g B B ot e R Ry
be accompkishebldn diprefearedleamisbdipaant Systaicrscenblol érs B3 ednfiguring tpaisistspadk 612 to
modify theveliagean.f s 614 da.Rnable sandustienibienahliedanask Gam WilgRAPEEton
re-enters region 511, microcontroller 613 configures transistor pack 612 to modify the voltage on DC
bus 6145 dFéEBIE®PYUBLEANI RN FEGEREEDYuction through diode pack 622. When operating in
region 512, power conduction through transistor pack 612 may, in some embodiments, be significantly
reduced or termind®@3d7As dibcusseghinigetdihbebewiathiswiaiiajosbilignsiStonpack:s 12oradme
portion thereof to be used.in other operations around the distribution .netwark. It uld be noted that
e bord o L P S e B o e eistors
Rather, tapabisydeenmagsiier an afiprofsriaidivalie rakisigs storactaitithaaveildpte red buraels &f
fegU'ato&-ﬁ%%t%&dc%%@%faémgo%%ﬁﬂg%“ﬁ%é&f&lﬂ%@Y%%%&Qoad along with diode or SCRs

20101056455PCT/US200910 . .
to handle the remaining load. Thus, such a hybrid system may be reduced in size and cost as
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[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 operate in the simplest case identical
to diodes butdaxaakgssdded feature of current control through gate timin§CIORRRRIFHBURE 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, similar to regulator

600. SCRpagkd 42 May becoupled e ling 620, afier &;@ﬁ?ﬂ%m&@wﬂuc@em&%ﬁtﬁmgmc bus
614, similar'to the %acement of diode pack 622 in F ure 6. SCR pack 722 may be implemented, at

least paftAIfi&IAGSE RVpEER St I FRSEJRRIST |1/ e‘iﬂf&h "bfsé’b??i‘%tlﬁnr?ilp‘ﬁ%ﬁlﬁs@nﬁgpﬁjdrtlon of

the total-enigipassingothraugiioregulates B@&%&mtmq@mm&aﬁ@mpaﬁk 6de Ia-poeferred
embodlr{%ent mlcrocon IIe 3ma control owefﬁf@ow thro%%%transst ack 612 in order to
M, nid

regulate ﬁge\jl‘oﬁ}éeﬁg%h U jéllily Ronetd Bt ol ?én qc%g%zﬁf’) 8’ scr
pack 7220%&@@@3%&0@%16&33 imayweoriiog thengatésafthe8 GRedn SCRpacikcF@d domsriblezpower
flow throu}g ck 7%% ﬁ'%%@é"&ve ly, gh microcontroller 613 may control a second

microcontrolle t I !ﬁlsltsrate that contro Sthe SCRs. [0043]Another embodiment of a system that

converts AC to Dcﬁ%ower combines transistors with diodes or SCRs and resistors. Diodes and SCRs
as shown in FIGUEE¥bnd BISTRE 7 rfayb&akRq 1Bsfiirentthe iP5ty BEtrEASIstrR W hen the
forward pgwerRxeepdsithe tkaipsisto mau@aqﬁguﬁweme ardiogigman dﬁl&@s@lyscﬁ@m ugaiwmone

direction reventlng them from allow;j revers ower . ln operating region 522, r
b L R R e v S R e e
[0044]Fh@gﬂﬁ&;&mamh&@ﬂammmm&n@mmp@mpwamh@mmmgm%mwﬂ)ﬁn@méﬂitﬁ%cording to

one emhodim the inve u sQUr t itioning
by trans rgimer%ta |nt ﬁ?ﬁé‘éng% N Eil%l% ré:l%hgs(l\tget{(?)?pacﬁéﬁ c%?u% e% |§§66 %u? E{g ggg 614 and
diode pacm@cwﬁlplésﬂmém@w@mﬁub%@mmwgmﬁkCp“afbk sptitanbesuseeiiriql dodistHidte pack

822 to aghieys Siﬁl%%&ﬁ%ﬁ“é&e@é%@@&ﬂﬁ&l&%ﬁﬂhéﬂ %@H@B{oﬁ{%%ﬁi@f@eﬁkﬁﬁ fRuUples
resistors 834 to DC bus 614. Transistor WO 20101056455PCT/US20091060786 pack 832 may be

comprisé BRrasiSRSFRUAPERSGT hdibiipmiantd the i et tises i fRANaSGPIERIEA2, 1Br may be

any otheg switehingsoMpRREsH wg&tﬂemqm%%@@@%aaﬁeha«%&mﬂm& Eﬁﬂﬁi&i@ﬁﬁaﬁk 832
may be controlle%ﬁi( micr ontr ler 613 to enable or dlsabl reS|st rs 834 tggre? erse

operatioPPEGn é%ef IR atddf HBICUREES SBUGEF rﬁgﬂ/ Pt TG H HFakiSistss 6%0 back to
AC sourgane@ihrVWhRegibe power capagityaabitansisier. packegithistéachedausicoocdmiraidberiil3 may

enable tran&stgcr) ‘Eio ?E ;gﬁiﬁlg%/vmgsagwgr to floxg {&S'Et%ég ?Ftrﬁagdbg:é%s ipa edag S\/\(}%%n

operation returns microcontro ma}y turn off transistor pacE 832 and power flow
occurs ondstiroayhtharsistor paskeidoniey discisssee kbowes thatiorden ewrasimegishisos2ll and

522 neeg,nrt berthe aRselite erpasity Phibe.avilaRie tansistors Ratherdhe bordermayshe an

appropriate value taking into account the available resources of regulator 8 0 and the operatlng
Characté%lé@o?(%ﬁé"@y}’é{%ﬁie'defmed 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.

[6032] FIGURE 6 is a schematic illustrating an exemplary DC bus regulator
utilizes transistor packs and diode packs according to one embodiment of the invention.
Regulator 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 transformer 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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[0045]Although resistors provide power consumption when power needs to be taken off the DC bus,
the power is lost in heat dissipation. Since generators consume resources to generate the energy
taken off the DC bus, it would be preferable to store the energy in such a means that the energy may
be put back % #9¢P&458s at a later time. Such a configuration would incPEALESAMIEAEFE and reduce
the cost of operating the generators for the power system. 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

consumptioniq,agReiae dha NeeCssROVel sy rﬁ@ﬁgmf@a@@mmmm genRrEgars pobtained,
because a sudden failure of the AC enerator %?fﬁe com ensated ?ﬁ( theﬁtored owe

100461 FISURE A SABMALE TIoRA0RE AR SxeiBlryDE b Py EPUSHE 4 Tedletil hnd
capacitarfargyesae pWer-segitation ace::@mmgata ohﬁcembmmhm@rm@f thepavention:drReguddtor 900

accepts mplé;i'glsfrom AC S0 ce GO%aét recondeltl gﬁ sformer l§04 n&gelm ?%}91%”‘1 I in 620.
f D BUs 4 and. ep CP{ éfﬁ p?e C bus

Transistor pac LS coup t(ﬂ
614. AnBZRN\Smckcooutdibesiidetkintplace oﬁrdmﬂeymckcagﬂﬁto aﬁ:mevelbﬁmﬂaﬁm%n@aﬂoéiﬂonally,

Switch 942,CoURIGS CARARIONS, B3 ANAERSIRINS P840, DE %ﬁa@lénﬁvﬂtg&&%? Mayds epiirolled by

microcontroller 613 to ehable’ or disable capacitors 944. Additionally, switch 950 and switch 952

couplede&apaeildes Gau Ry rEFBAS IWOPPE1 B0 SEALP IS ob CoroBh 15559498 reésFBLtively,
allow engrgy i ha1stered iniaRReiREY 944 arHissipated: theeughn esisins: Y46k Ip1reverse, pewer

operation region 521 power may flow through transistor pack 612 back to AC source 602. When the
power cHFAEH§: oSSt B (PR AAThi Bl BN BRSPS Iy AT 4 Hgiitg power
to flow tpCapaciors@idiheroparalion eiips taragionybad s tlicrocenttoliei-s ko badjnteit) off
switch 42 and gower flow OCeurs pu thro% h tr SIS'[ g))ack 6 2 Ret‘g Iator 9001{'Qaﬁ I%%Jse a

? O _regu CORJ1 UJC Ip(éA lElJ) O UCTOC
combination O resis OI’S an capaC| ors In p ace o apaC| ors rther, any other energy

dissipatmngrfener gy stordgeteishnology may be used in combination or as a substitution for
capacitors 944 such as rotating masses or batteries. [0047]Although the present disclosure has

described in detailysiag thregrpRase AGIRW S AfoRkitedming artimaytaasivirpodib be

disclosure in this application to operate on a two phase or other AC system, or fro #}1 generators.
[0048]InBR Bk g S FIestIREE TS RiSREAE A DT Edhvertefareh Yq%nfeéoaspg tipl8 BC-to-AC
convertexsfangdDanbodfe aonveriers.chonptixame, nmmbﬂ@él}ma@mpﬂatelbn%ﬁrpm“ermﬂ

therefore it is ne ry to conve gr.on th %Fb ckt AC b for be ut ilized by
motor 1@1 nh(;k tgoc in ?ﬁ‘ art wi r%c‘eogmze FE) SVY/(éra Cn(\)/nerg}gr?gmdgy&%e §cgjompllshed
using sidiiddecamporenisds deusedifolldh CidDG povwest @mmtsmrsm brbmibtarrandister pack

612 as %R%W%h LEIGER a%kFA?JJﬁ% g’ﬁ%yﬁﬁh@lt NG K %5Ep&aaﬂymg%f&%@?%eqaeiorm

DC-to-AC conversion. Al C-toDC power conversion may be accomplished using similar

componBs é&o@dtémlwm@mﬁmﬁé@m%ﬁwﬁs@ﬁk 622. When the power foad increases

such that region of operation 512 is entered, additional energy will flow through diode pack 622,
This may be accomplished in a preferred embodiment by microcontroller 613 configuring
transistor pack 612 to modify the voltage on DC bus 614 to enable conduction through diode
pack 622. When operation re-enters region 511, microcontroller 613 configures transistor pack
612 to modify the voltage on DC bus 614 to disable or substantially reduce conduction through
diode pack 622. When operating in region 512, power conduction through transistor pack 612
may, in some embodiments, be significantly reduced or terminated. As discussed in detail
below, this may allow transistor pack 612 or some portion thereof to be used in other operations
around the distribution network. It should be noted that the border between regions 511 and 512
need not be the absolute capacity of the available transistors. Rather, the border may be an
appropriate value taking into account the available resources of regulator 600 and the operating

characteristics of the system.
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[0049]In the different regions of operation exemplarily shown in FIGURE 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 from converting AC-to-DC power for the DC bus to convert DC-to-AC power for an attached
load, energy™ectig§é@étiice, or resistor. Such a configuration may reduce fHéUrafhte48¥%ransistors
required for the power system illustrated in FIGURE | thereby reducing the space requirements and
the cost of the overall power system. [0050]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 inclugig bank of saavestarsd@ez: Bank ofcanvesrars dfb2maynberamynymber or WO
2010/056455PCT/1152009/060786 mbir;?tion of device? ggg%)le of AC-to-f[a) DC-to-AC, and
| an

DC-to-DERBHTRHIBH: ShARHS HEhistoPBak 2B ST ated i KIGBRE 1 Sk TR

oirconverters 1002
are coupketion:ongtsidenia BE s &Q20ignthencarother sidedibiselators1004hd S6l&tors>{004 when
closed b MIEODIEASE ADAALIP 0 AN T6al AT IR'94AG e oirISPERIaIs Ahif e 1012
leading 6 or [5}8 loa s.g“i'he Isolators may be controlled, for example, by a microcontroller or other
control siystegh that tmayde separate or the same as microcontroller 613. Inductor 1006 conditions
power before reaching line 1012 or line 1014. The selection of which power consumption units are

engaged in genergtpit DC-augpewertransienonb Glausatmioad maynbehased bisthgprocess at
hand. For example, use of o po(\{ver p§§ of bank 10_%2 totpass power 1o an energy %tl(\)]ragg device
would bB*d6né WiEH*tRe BELUE MY o AHBAHEr S e BEWEr Fack would not need to
be engageg:inmoving: povier dramptheigeiraratortio theddCibusafod bl FfthoGghlthesptesemtidisclosure
and its %aﬂt%%?ﬁl%zrg(ﬁ 1%%%16e%CBQegd{‘h@llezf?ﬂm'ﬁ hoy 'geé%ﬁa%&d%fb%ﬁ%&gs%a‘éﬁr%rﬁﬁ%ges’

substitutions an ons can be 'made herein without arting fr irit and scope of the
disclosureuatedefined: K2thefmppendéi elainty, Mdrsever] e scbpe BEthepiddenttailication is not
'ntende%f&&ﬁcm&e&&&etp&%ﬁw@Wdwm.f 188 PIRoSSAIAGRING MaRMasIHLy,
composition of matter, means, methods and steps described in the specification. As gne of ordinary

skill in thsiagc VAR resdiBPE PP IECAREdmIBHES PEIMAAERTIoH, | distyEs R RREHRTLE! e itacture,

CoMpOsitiRRs, of MAlte nBEANSe MR B0 Slepss sPRsaBHY aXisitog pidater1o e depeleped that
perform substantially the same function or achieve substantiall tge same result gﬁthe Qgrr?gponding
embodirffERRS L BLIRARER M A DN BECABOSEi ‘f’otgﬁ%il% SEERERE AU ALRSFdingly, the

appendegbalaimsiareiniensed® oclade Withindheibsdopsmsustepronesdies Githehimesyphantafacture,
COmposgl‘gﬂspg&gl?ﬁgr,M}g%@gh&%tgo&% (r)l{a%’tecgﬁfroi 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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CLAIMS What is claimed is: An apparatus for interfacing an AC bus and DC bus, comprising: a set of
one or more transistors coupled to the AC bus and coupled to the DC bus; a set of one or more
diodes coupled to the AC bus and coupled to the DC bus; and a microcontroller coupled to the set
of one or meYe BEAGIEIES configured to regulate the current flow through#q&/ S&tP8sE%r 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

microcopfpllesis canfiqureshipifegWateaauent toucthreughdharsetofoar armaesansistars and the
set of one or more diodes such that substantially all. power flows through the set of one or more

. / all u
transistSREHHEN RAE P PGB JretHiE DRET S W PSR PSP BB WEF t ARG S A5 5Fhe HpERISIES of claim
3, in whighrthe:seh@f one.esimeredransistons:havearfirstiddtal pewercapatity &t the:sétlofoone or

couond 0T BB LAy ek R ER R RS S Sh g2 S bUNICRRLrd Lo SrratTovel thatis
selectedniy flakt, basechamthefirspiokab pbwarkcapadityor5ed 82ap dratutdofrelaim dphgitiierd

Comprisépa%:sistor pack 612 is reached, microcontroller 613 may enable transistor pack 832 allowing
power to flow to resistors 834 and dissipate as heat. When operation returns to region 521,
microcontrolier 613 may turn off transistor pack 832 and power flow occurs only through
transistor pack 612. As discussed above, the border between regions 521 and 5372 need not be
the absolute capacity of the available transistors. Rather, the border may be an appropriate value
taking into account the available resources of regulator 800 and the operating characteristics of

the system.

[0045]  Although resistors provide power consumption when power needs o be
taken off the DC bus, the power is lost in heat dissipation. Since generators consume resources
to generate the energy taken off the DC bus, it would be preferable to store the energy in such a
means that the energy may be put back on the DC bus at a later time. Such a configuration
would increase efficiency and reduce the cost of operating the generators for the power system.
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 results. 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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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 apparat§éhH&FE; in which the set of one or more power consumiBg§ B EeR%itRides resistors.
7. The apparatus of claim 5, in which the set of one or more power consuming devices includes
capacitors 8. The apparatus of claim 1, 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 eompdsiagively, auswitch ayangedibeivgen hehe dussand opa-afitheansisierpaaks such
that the transistor pacK is not directly coulgled to the AC bus, the switch coupled tg the AC bus, an AC

load devit& SRS HRVARTEAEP D ATK T WwhiR R Sl A R HRG e S aIRsriatt e Kb i re'the
transistebpackte the A thuserdhenpCiload dryicrr packin Whickdhe dransistompatk:is Contigured to

performé&fgé%g power conversion.when coupled t%me %bus an%.the DC bus and to gg{form DC

to AC powertc nversish wHen (%ﬁop ed to e B Biis and the ACTSAL 1%6%%{“5.%\%6%%1&&03 for

interfacingcarAGdlrs aidnDE fous pomprsivg andatosfanriberanom ordpsistorsicoupleditoatie AC bus
and coupled fe NRBBYA IR SHMRELT SRRIUR I AR A B piafrkeuplerde the DC

944. Further, any other energy dissipation or energy storage technology may be used in

combination or as a substitution for capacitors 944 such as rotating masses or batteries.

[6647]  Although the present disclosure has described in detail using three-phase
AC sources, one skilled in the art may readily modify the disclosure in this application to operate

on a two phase or other AC systern, or from DC generators.

100481  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 using similar compenents as are used for AC-to-DC
power conversion. For example, transistor pack 612 as shown in FIGURE 6, FIGURE 7,
FIGURE 8, 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.

160491  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.

[605¢] FIGURE 10 is a block diagram illustrating a swing pack for AC-to-DC,
DC-to-AC, and DC-10-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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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 curféetid@§etithe set of one or more SCRs by regulating the v8tdgeSEHHIEIHE 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. 12. The apparatus of claim 11, further
comprising: a second microcontroller coupled to the one or more SCRs; in which the first

microcopirolia ” a&%gtaat%w@greaﬁmmg@@@@CQM%%mmm.S@&by@iM' diesseicand
microcontroller. 13. The apparatus of claj g i v{x{gic the microcontroller is canfigured. to regulate
current HOWHPEHH (HE LBt BF6FHERF ﬁﬁ%@r n§§‘ SR TRE L Orohs %‘%“r%%ge"f& sséﬁc{ﬁ that
substantiallyall ewentlawsathnoag hithesetaione I00Mmoliedransistodd when thepbwerloasof the DC
bus is within a first powe e. 14, apparatus,of l? in.\whic set Qe
transistSré hava gfﬁ%%%o{%r(l?%g)wré?%é%qagc?ﬁlaga%a ?ﬁég Séé?% on %grg} ﬁﬁ%lrée %g&;@ga}\% %qgg%%%]d total
power cafacity)Wivers. thBhfirsciotatspowe b eapatityide, |Egsetkrarpinebset ongastal polePeapstity, and
which the first nower range, Is between, zero ang a leve! thatis.selestedeingart, basednitg first total
power capacity. "15. The apparatus of claim 9, further com rlsmg_ir

conditions power before reaching line 1012 or line 1014. “The selection of which power

consumption units are engaged in generator to DC bus power transfer or DC bus to load may be

based on the process at hand. For example, use of on power pack of bank 1002 to pass power to

an energy storage device would be done when the DC bus had excess power and therefore the

power pack would not need to be engaged in moving power from the generator to the DC bus,

[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 limited 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, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed that perform
substantially the same function or achieve substaniially the same result as the cotresponding
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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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 or more power consuming devices includes resistors. 17. The
apparatus of claim 15, in which the set of one @LmBrE power consuming devices includes capacitors.
18. A method for interfacing an AC bus coupled to a set of one or more generators with a DC bus,
comprising: coupling a set of one or more transistors having a first total power capacity to the AC
bus and to ¥HesDE daisied is:coupling a set of one or more diodes having a second total power capacity
to the AC bus 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 (% bstantlaé%#:,:3“1i ower flows through the set of

one or moré-transistors WHePRREBUWEF 05 BF 15D E D Y TR SCHORE Mhge. 19. The
method of claim 18 sist wihick therfinst tatadipovweraapatity isestibstantiaitydegsieban thedtal power
capacity ofkmg. set of one or more generators.
a set of one or more diodes coupled to the AC bus 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 microcontrolier 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 microcentroller 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 microcontroller is further configured fo regulate power fransfer to

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

8. The apparatus of claim 5, in which the set of one or more power

consuming devices includes resistors.
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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 the first total popyer A&t o2dlaikhe meihnehahslaine? dninovhishsthevlisst level is chosen,

in part, based on the c é)acit .of the one or more generators. 24. The method of claim 18, in which the
regulating SPHEY tep° @ﬂaggsrgaﬁﬁﬂﬁ%svmtage 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 @r storing deviges; opay e WRLRGCYNRRIHIoNHAroualy e 3etaleneR%ZIgLe power

consuming or storing devices when the power load of the DC bus is above a second level. 26. The
method of dGHFS5 SREORITIH E AR REGET iSRABEBASFI P ATk ss8dBhamh et ASower
capacity. 24 sAp=egipanatuséoserioub Gianer BEniaridicgpower conversion, comprising: a set of

one or more ”ansgé%giu S?F&S%aﬁ&&é‘ BEANRISIORRACK SONTAY S 10 AREIAURARR? SERRTGIRAMIL Coupled to

an AC bus and a
that the transistor pack is not directly coupled to the AC bus, the switch coupied to

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

in which the transistor pack is configured o perform AC to DC power
conversion when coupled to the AC bus and the DC bus and fo 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 set of one or more iransistors coupled to the AC bus and coupled to the DC
bus;

a set of one or more SCRs coupled to the AC bus and coupled to the DC bus;
and

a first microcontrolier coupled to the set of one or more transistors configured
ic 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.

12. The apparatus of claim 11, further comprising:
a second microcontrolier coupled to the one or more SCRs;
in which the first microcontroller regulates current through the set of one or

more SCRs by signhaling the second microcontroller.
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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 yghen coupledrfr tmAvaiisrandine PGhide proMaRRERMIEGstechfigRyes conversion
when coupled to the D%ggis ar‘}ﬁ the AC Ioafd evice. 28. Tt{]e a ﬁgratus c_%clair{:1 7 further
comprisingfegwaées%% ¢ %WQ&BS&%e L e LTS (ﬁsaaggc RFDne 8FTE transistor

packs suchrkre &@F%sod'dtmsmamiaﬁk ! movdirdlotes dbupighl teethel ACbaior therswitch coupled to
the AC bustfsf@sé(%@%@l@mg?m iBsasaRabransistonRasks IRvhishuihgsyteh 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 thefC bus and TopeadesmiRC:taiAc: Boweridonessienavhen @oupledtantiedaC bus and the

AC load deyice. interfaci rising: a set of one or
more transii—s1 %’?s%:%ﬁég%ﬁg %r%%é%&ﬁéﬁ%ﬁg %d%@ﬁi%@%i%ﬁ%?%@%ﬁé %grb?]ﬁacie SCRs
coupled to fﬁ@mvﬁfscaﬁa%u‘ﬁf&ﬁméfﬁ@%ﬁfﬁw capagitinitieed HPS|IRIecHifsied Riahe set of one

or more trapsigterseganfigues dpikeguiaipdhsoawiremdlow taraugh taessainh aaanmere transistors
and to regulapgt}%%currgﬁet fIOWéhro%:jh th?t%%of one or mare SCRs. 30. The apparatus of claim 29,
I V)

in which th8 HRcreLontlie PRE8 Hgliret

n igureiﬁo regtﬁg%%etr:ﬁ?r%afﬁ' irough the set of one or more SCRs by
regulating the voltage on the DC bus.

15. The apparatus of claim 9, further comprising:

a set of one or more power consuming devices; and

a switch coupied fo 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 or more power

consuming devices includes resistors.

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

consuming devices includes capacitors.

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

coupling a set of one or more {ransistors having a first {otal power capacity to
the AC bus and to the DC bus;

coupling a set of one or more diodes having a second total power capacity to
the AC bus and to the DC bus; and

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

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

19. The method of ciaim 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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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. 32. The apparatus of claim 31, in which the set of one or more transistors have a

first total pgyyer capacity ang ihenset afae asmownke ke firioawnracenddotaddieved capacity, where
the first total power c pac%if}/ is less than the second total pow aciﬁ¥ﬁ§%g WQ,L%E] Ehe first power
r

t ca
range is be SEI P&b ShEPHFRRPTEVS bRy 856@%%? I aﬁ,h eb[é%ecy Kl & ’totanower capacity.
33. The appataties ticlaim Mdorthenaotngridhegh e bes irshive Bdrespovieprvorisuming or storing
devices; and. <t @witch 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 morgpower constmingedievicescinciugesresitibitie 3kt Pherapparatis wftelaém 33, in which the

set of one qr mare power lgg&suming devices includes capacitors 36. The apparatus of claim 29, in

. £ . . . .
which the S&t of orie 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 thgzAC bus andorefiHig baasisiarpackssHehdinéthedransiaiosmasipismot directly
coupled toéhe AC b&s Ifhei %(!iaﬁchogv%tg%[aed };% the AC bus, an AC load device, and the transistor pack,
in which th as?ﬁl?c%ni goﬁﬁg B0 Sl |V¥Iy couple the transistor pack to the AC bus or the AC
load device;

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 fo
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 fransistor pack is not directly coupled {o the AC bus, the switch coupled to
the AC bus, an AC load device, and the fransistor pack, in which the switch is
configured to alternatively couple the transistor pack to the AC bus or the AC load

device:

-22.



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 set of one
or more transistors coupled to the AC bus and coupled to the DC bus; a set of one or more SCRs

coupled to thte AQ_,{)t%ggﬂ%%q%%gfm H&Pgﬁéfﬁ,ﬁgg@ to ﬁ)g—fﬁpﬁ{ mkfgﬁmg@u@g coupled to the set of
one or more transistors configured to regulate the current flow through the set of one or more
transistors SHYSSRGWERS ﬁé‘%\fﬁéﬂm%&@#&%aﬂdtlyﬁgées?gé(%%n%n&i%%erge%pé ?%§ he apparatus of
claim 37, irposichuthedisstmmvitrtontigidriistoe ifig bredaairdguididcaul evidhirough 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 SCR3-40. The appFstoRaF LRI AY TR HBHFNIRMAHE S second microcontroller coupled to
the one or more SCRspnd sintyvhichsitheditsitwierotentolieny egulatescoutrentthifaugh the set of one or

more SCR%rngzssi rxlapl.iancg(sths%cﬁqe %Q(tin@?%ggr% %ng!*lrg:rstor pack is not directly coupled to the AC
bus, the switch coupled to the AC bus, an AC load device, and the second fransistor
pack, in which the switch is configured io 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 DO 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 lcad device.

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

a set of one or more transistors coupled o the AC bus and coupled to the DC
bus;

a set of one or more SCRs coupled to the AC bus 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 voitage 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

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

32. The apparatus of claim 31, 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 fotal
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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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 pawer capacity-anddhe:satelparial morarbeRphpyRiagsecond total power capacity, where
the first total power cap %ty is less than the second total power ca,oacit hgnd which the first power
range is between 38R S8 AFSPPLCAANEE FOTHALEIR 96 BRATS A5 Bh 7S first total power capacity.
43. The apparatus: ciufichmip)ddridhdrcom prisings sodbe sfcd v wrensoragewewebnsuming devices; and
a switch coypled ta,the.DC.bus and to the set of one or more power consuming devices, in which
the first microcontrofler is further configured to regulate power transfer to the set of one or more power
consuming device8. WiETHg %8?8&?@’%?‘8%];%3%{, MWRIdEHE RAUFEROBPAGEEEWEr consuming
devices indlglestresistors. mibe Thaapparaiusnaf @lalmidd deviehich the set of one or more power
consuming devices includes capacitors. 46. A method for interfacing an AC bus coupled to a set of
one or more generators with a DC bus, comprising: coupling a set of one or more transistors

having a firdftotal power diparagahel AiBuE3aibithd 5Eap§ 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 fransistors
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 set of one or more transistors coupled to the AC bus and coupled to the DC
bus;

a set of one or more SCRs coupled to the AC bus and coupled to the DC bus;
and

a first microcontrolier 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.

38. The apparatus of claim 37, 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.
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coupling a set of one or more SCRs having a second total power capacity to the AC bus 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. 47. The method of claim 46, in which the first

total potwer:;gzgagirt]y is sgﬁ@%@fﬂalum%ﬁfmﬁibgﬁtmgwwﬁé @@ﬁ&ﬁi&f&fomﬁalﬁ@tmétaael or more
generators. 48, The method of claim 46, in which the first power range is selected, at least in part, to
correspond 9SS SHEPPARGBYATREATHR 80%%@?[&(5%%%%@?@&%% ee%ﬁeeécﬂ% Fﬁgre P
generatorsSBBAC 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 18t level is chd88FRRFSAN S ASEN B I Eap AT T8 one or more generators. 52. The
method of claim 46 ,sgcwhichithe:teguisting cpierend flavosteprineluglés Fagulating voltage on the DC

bus. 53. The metlod gLCiaI A0, MIRSL GO TSINGaves oSAURIIGLIRIPHANBSIIRD.Jhe DC bus to 2

set of one or more pOWer consuming or storing devices; regulatirig current flow through the set of
one or mor&pEnEF Be YUY oY S18rasgUE\BIEsORPErPIRE power load of the DC bus is above a
second level.

41, The apparatus of claim 37, in which the microcontrelier 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

fransistors 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 fransistors
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 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.

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 an AC bus coupled to a set of one or more
generators with a DC bus, comprising:

coupling a set of one or more transistors having a first total power capacity to
the AC bus and fo the DC bus:;
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54. The method of claim 53, in which the second level is chosen, in part, based on the first total power
capacity. 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 a switch arranged between the AC bus and one of the transistor packs

such that the transisipsngsksis BRb AVBFHCFOLRIES IR AGRYHARG WG coupletp the AC bus,

an AC load device, and the transistor pack, in which the switch is configured to alternatively couple the
transistor pAEkAG 1 ABYRL G e A X device:  in which the transistor pack is configured to
perform AC to DCrpousatirgpaivessiciow ienqruiiled¢bdhenACrbusrancthsBE bustand4d perform DC

to AC powey cRVErHIan. whed, colpladiq iRe DS RN I0F0G: 930 8VIRe-s &% g gpparatus of

claim 55 further comprising: a second switch arranged between the AC bus and a second one of
the transistBiGpRERE SFEHHARME 8BRS tFARHIbR PR S fovdifeyEbaped (6188 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 alternati\Lﬁbé coyple,the second transist clEo the AC bus or.the AC load device;
in which thégzs"econd transis oWé{aR&dig%f%ﬁ%ﬂwfgy t\ci)vﬁp‘{é%r:‘%(girér)n%i&‘s E‘{‘%ab‘%?"r‘é%weaﬁ’ faigirgvesrsion when coupled
to the AC beighaisnibyirsuliente iotpepomsr DD el fonestclmns siomeiheraped 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: . . . . .
48. The method of claim 46, in which the first power range is selected, at
ieast 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 {o 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 par,

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, furiher 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.

55. An apparatus for AC to DC and DC to AC power conversion,
comprising:
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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 the first input of the transistor pack to the AC generator, the AC load, or the DC

bus;  a second,ajtehrrUN Gt thpAiuspnekateadhe Meidaadhdhe L3GrBUspnrd the second input

of the transistor pack, the second switch arrﬁagn%ed 0 connect the second input of the transistor pack to

the AC gen®PSi8IE FRAERBELC HPEROERER bus angia GoAtdller configured to, in a first
instance, instruct thewitsh swicheahickthe setdendSwitshitd coané theheafirstiangdsdsangtinputs of the

transistor PGk #2 NAILURIBRSILAREMAL SAETL e PRMRII B IRAT OGHERST o 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"§eberitHmpis 6ieRe fafsks@ipHk R aRiPtRetrals s pAGEHES dBnvert DC power

from the DGdigie=A & pawakiosihecAsidoad ir aiisiberappasaties/af eladnaSheinavidieh the
microcontr%gerés_configured to instruct the first switch to connect the first input of the transistor pack to

the AC generg%oef’ and instruct the second switch to connect the second input of the transistor pack to

the DC bus so thainthéitafsidienpakk prel sorvdigwepowersronf théoAtCgenegator to DC power for

the DC buss@ndisiduriemcaniigsued einsiruct tieifinst Swikel theapnretdhe fitstinnut of the

transistor pack to the DC bus and instruct the secopd switch to copnect the second input of the
transistor pAAY$5 (AR RET5aH'SS ﬁ?é’fgiﬁg E?&Egig}%rgﬁﬁc%%gg? &%g@? é&VBSWer from the DC bus to

AC power for the AC load. 59. A method for using a transistor pack capable of performing AC-to-DC,
DC-to-AC, g DC-to-DC %Vﬁ%?ﬂtﬁé%@@i%ﬁw&ﬂﬁé@cg%‘?@ﬁ%ﬁ a load, and a DC bus, comprising:

coupling the transistor pack to the generator and the DC bus such that the transistor pack may perform

AC-to-DC conversioieeR9EHbcH & @ees briwesndhe AGBUpRNY Maarandists YbR to the DC bus and
the load sughribatdhpdtansisiotipackarayel fosmiBo- edGsordD st Caqiwe tsidre 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 fransistor 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 o 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-
{0-AC power conversion, the transistor pack including at least & 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 microcontroiler 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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connect the first and second inputs of the transistor pack so that the transistor pack
may convert DC power from the DC bus to AC power for the AC load.

58. The apparatus of claim 57, in which the microcontroller is configured
to instruct the first switch to connect the first input of the transistor pack to the AC
generator and instruct the second switch fo connect the second input of the fransistor
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 is 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 fransistor pack may convert DC power from the DC bus to AC power for the
AC load.

59. A method for using a transistor pack capable of performing AC-to-DC,
DC-to-AC, or DC-to-DC conversion in conjunction with a generator, a load, and a DC
bus, comprising:
coupling the transistor pack to the generator and the DC bus such that the
transistor pack may perform AC-to-DC conversion or DC-to-DC conversion; and
coupling the transistor pack to the DC bus and the load such that the
transistor pack may perform DC-to-AC or DC-0-DC conversion.
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