| MPROVED DC BUS REGULATOR CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001- 1]
This application clainms priority to U S. Provisional Patent Application

Seri al NowvO2B1026645303, filed Novenber 12, 2008, which i ®Cirrusesoosesed by
reference herein in its entirety. TECHNI CAL FI ELD [ 0001] This disclosure
generally relates to power transm ssion networks. Mre specifically, this

di sclosure relates to operating a DC power systemfromone or nore AC or DC

power generators. Even nore specifically, this disclosure relates to

regul ati on of energy tradMRROVEIBEHBES REGAHADORpower net wor k.
BACKGROUNDOF THE | NVENTI ON [ 0002] Power transm ssions networks can be nade
of AC systens, DC syst@&uss-REFERESORTORELATEDOPPLITGATIONS AC power networ ks
have conventionally been used throughout the world. However, DC power

net wor ks have [6@01LHi n By applagesn clEmpveritnet ws. I8 0 kBN St Applidessgn
and |gp| enent because theé i ntroduce no reactance into the power system
€

Hi gherSearkNei eG9%ei03t Hissh Nprearbat b2.2008nwhish acirepemtqdpyoeigyrcedsicibitifuse

only rgglepower is transmtted. Additionally, parallelization of power
suppl i'es 1's sinple because the operating frequency of DC power supplies is
0 Hz. Therefore, no synchronization is required when additional supplies or
| oads are brought onto the net wWi#CHNIOSADBIELDhe conventi onal use of AC power
networks is a result of the ease of transmtting AC power over |ong

di stances and[6G01g| i Mhiy distlagee Goangls rélsknNg powasiraisission mawersr , Mower
short distances, such as those in isolated environnents, a DC power

t r ans PEiieMlynBidisUoRER Rt tomAsEXing jadpC ey w@terné&@ah%nemréwr&M gr DC

expl alp@%egﬁ oROY&En gﬁ)?@éfetcﬁfcﬁll%é Is| AR R Aes ey L ‘;ﬁ{( poweﬁe %raﬁgfg

power ore, operatio transm ssi on net

gener deoveenned nekDCqower setovort.r om AC to DC and vice versa. [0004]

Rel i abl e operation of a power network is a critical element of many

el ectronic systens, for ex Ie,R on drill PN% %I atforms or vessels to
operate onboard thrusters. PACKGROUND OF THE INVE

[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 O Hz. Therefore, no synchronization is required when

additional supplies or loads are brought onto the network.

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

[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 vessels are not anchored in the ocean but are dynamically controlled to maintain a
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Drilling vessels are not anchored in the ocean but are dynam cally
controlled to maintain adesired position in the ocean. Thrusters are used
to mai nt avO 28100664551 on Wit hi n specified tol erances of aPdmiuskémgoeEppar at us.
Thrusters are propeller drives which can have variable rotation speed and
azi mut hal angle of the blades. These thrusters are operated by a power
supply onboard the drilling vessel. Any failure of the power supply can

| ead to di splacenment of the vessel out of the tolerances of the drilling
appar aesised pesiserc hn ghe aseqn. t Hdhraitérs | dregiseg parmtinsimau pebitmae dvithin beecified

mechani.cal | ec | ed and recoupl ed after,. the power, supply is restored and
Then oBufngs &8 GG, TRERur GrePrbiiet O b s et o Rl B S

faci | isp@dd gl azibRithaAinglePONVEHe BMBEY. Y These thriktérk | #€ opelafedOby af PEwROWRIPINT
thrusters and ot her conponents. Such a power transm ssion systemis

denonnbearédhg drifinguresel.. Any Bilsre of Sgstavyr suprly paindeadsipppisplagasnage wéthd | y
made Qf e tor 0 ; =1 0- onverter . ..the AC-{o0-
A e e T Y

The i mked e de ahehbGckils detayiplee aadgwesnipid skdrithOpogeneiigllphis rédtored bad tiey y
backup system Each notor or thruster, as well as other devices utilizing
the i meaitippaf dedridmarssel sncasssted- t he drilling vessel is coupled to the
i nternedi ate DC bus through a DC-to-AC converter. [0006] FIGURE 1 is a

bl ock di agramygdgsyst rétel MBthdd Q)?@é’c@lﬁﬁéil?gqglrelmlevﬁé\;/&%?ﬂ Sis ¢QURliLNY DRubhd pl e
AC vol tage generation systens to various |oads. Power System 100 i ncl udes

gener doorwkfilg Gemterat axd oiif2 compédmeentso ABudus: Jodver hroughssisolsgstems isL06.

| solators 10 [ erators 102 to be.renoved fromthe bys when are
ot niRhoaed in HGEPREL Y Br fich X ntstastet e bl b et AR et 68 26
condi tgbRdraloREcPIRI tofa@r ACEMRMESHeRBr. t Phd AT I3O -cofferted pldobs drBlthel 12

couples to line 110 and converts AC power to DC power for output onto
i nt er rdigareatps eugn itermedimip Dédbuso buenedgite P& DG mey A apemerted evith 130.

DO 1 018C SRMBE 513 bhACORKSY Sy PR £8cLCRAYEE: U 6 MPSines QgpRgent

are desi use. converter 1S ['Tne 0

whi ch ukitiaig thewntdteGARNBCtRY, olVbdd tHe3dtillifg 0eudell iedotfled toBe ld&mdide mat or
134 could be, for exanple, a thruster. Additionally, transformer 135 is
coupl &ys thyoyghmeDE-AG cewyrdicti on power for | oad 136. Load 136 coul d be, for
exanple, a light bulb.

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

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

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



[ 0007] There are several nethods for inplenenting the AC-to-DC converter
necessary for placing power fromthe AC generators on the internediate DC
bus. Theswormtanmsessonventi onal |y enpl oy the use of eithecTtdiSeae®s0786
silicon-controlled rectifiers (SCRs), or transistors. [0008] One apparatus
for AC-to-DC power conversion is a diode rectifier (or a diode pack). The
are several forns of diode rectifiers commonly known. One typical diode
rectifier is a full-wave diode rectifier. The AC power systens on drilling
vesselcsntenpralyl yempiloy ithe waset bf emthphabedasawdiconmosuelted hattifersi(8CRispder
rectifier. confl guration is typically used. Di odes conduct current only when
the vOiPH§8™at the anode of the diode is greater than the voltage at the
cathode of the diode. FIGURE 2 is a schematic illustrating a conventional

di ode ful |l -way@oos¢ct idrcedpphitust for eac- @chmpgé\ﬁ‘elp@mépsioai i9dedibes tdctifier (o200
accepts input fromthree- phase AC source 202. The rectifier 200 includes
di odesliggspackr daetrs yevsepl tihens pt diodpHegidierdryamenyosomay.  Paettypigil odee

Seconged?ﬂf%ﬁs ANy OfSE 208 OFnE ‘?ﬁ% b{;%é&%%ttepﬁ %Wrﬁﬁ'n A8 tyﬁ@gg 'uﬁﬂ?és are

needed 1 n each case to produce’ out pu rom |t| ve e and
t he negatdevithaACwayetbam sﬁ)t}DdﬁS a&ﬁ}édlodb @dﬁﬁleﬂﬁﬁafl@mﬂlcﬁlﬂ adepicA0Buade Diodpd ed
bet ween the AC source, 202 and the DC bus 210. Capacitor 212 is coupled to
t he DEOPIRSt sytent gnly, whenyibe vgltagsat the odeof i dipdays gromey thammihe yoltageratihc

200 i %aﬁlt}@é’v@f ‘%ﬁe aloﬁ‘sngﬂ:ﬁ}[ﬁ@l@ti Is' § cl?ﬁrnﬁﬁfagl‘?ﬂgtﬁtm Sa?\f@ﬁx%lntlblﬁq'd{b@ﬁhl -wave
ar rangerrent s of one power capaC| y nay be | ace ara el to create a

recti frewifieR@0r Wirediplashi Al growzoneldiodapedtiftey . 20p0@©@gts mlmnlefrcrmahreb+pé1a$ ace

| | abl e f d
ar v andPge PR VB aTr: g el e Mg e0? Tor s iR e dus ot BhES A0l or o
ar e t hectfPivg GRS tse@ndt fiRis€ OHROMBAEsS20d Rl Me@tdlg tHeogigd Iﬂﬁt@e COrid Aidles are

rectifiers are relatively inexpensive for hi gh power conflluguratl ons, i.e.
sever akedrdgaveich §a<mprom1@d@t§p@tr@omltmh ithest awtwﬂ HCsomgld a ﬂiec@;gat;mrﬁgr ed

hovov Y lendgele o TRt XS Zhiohe ik T POBe MGESG LGP PgpTRb e °r e

Addi t immald ¥10.t Ogyacaot 2’12313QGU§1%dltc51t}fé®Cdqu Q(D(O k@ Aver§ ROMMheASipples 68 W bed t he
inability to regul ate output voltage or current fromdiode rectifiers,
SCRs, 2aPs0 Whidkwieaiier A0 &t showrcasi i tpgle Ieaiiaen amargepmenberevawbdngdividunki r

pl ace. -arrangements of one power capacity may be placed in parallel to create a rectifier 200 with a

higher power capacity.

[0009] Diode rectifiers are commercially available from various vendors or can
be constructed by arranging individually-purchased diodes. The advantages to diode rectifiers
are the low cost of the components. Individual diodes and complete rectifiers are relatively
inexpensive 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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FIGURE 3 is a schematic illustrating a conventional arrangenent of SCRs for
t hr ee- phase ACt o- DC conversion. SCR pack 300 accepts input from

t hr ee- phawe 200/ses5ce 302. SCR pack 300 includes SCRs 3@CTIUSR000OMT86t i NQ
the first phase, SCRs 306 for converting the second phase, and SCRs 308 for
converting the third phase. Each individual SCR includes a gate term na
305 foraccepting input. Two SCRs are needed in each case to produce out put
fromboth the positive AC cycle and the negative AC cycle. SCRs 304, SCRs
306, ancp8aRNBO8Tapas @t aekded i@ cheasecte pBGica ndtpubirD@ Hutsthg pOsiti@apaci t or

Scr pie BB e Bbi B RSS2 SREARE <bu SRR Rar it A% sftson

of ongopaWe o BAPBE 3 0. NBY¥pabRoP} BCR Gofle@ s Bl BE bud 3¢0 €tk eerageSipp1LA6K D00
with a hlga power capacity. [0011] Qutput current may be regulated in the
t

SCRs Ibys 86t Matilei YR phgkodWhis gh@\én pef FORarRgemeRie evierl ﬂrrdeVlA@@yr@n@emm
turn g f i el (s

o oneLPorS TR ELASR] BEL oIkt pOAl ST St pRCAAT Y sfbe
occurcmmm&ynchronlzatlon with the AC pomer supplles. As a result, they are
not well suited to handl e the power |oad changes experienced during

instability i power system Additionally, e the SCR.is turned on
through gat e {f@a‘fﬁﬁnm Outpy cuprentymgy 6%6&5@&%%@6 s Phrytmhingaeousdrgihal
305. [ Q@Rdl 3-55%§nsihciﬁ§ AR ERie #RY (ARAUNESCROMME bRy RO sHE RPN

conver si on. GURE 4 is a schematic illustrating a conventional arrangement
of tradgwduMmﬁdkEEStWhedwpﬁamagﬁﬁﬁﬁﬁﬂﬂxmpmmeﬂowamuehm@dnnemmanBBSWEDrpack

400 | hase AC 02. T k_40
o oaeapitRg it BEAC PE e DRRE" A8 SRt asd it Peh sflenp Btad e,
convergowkh maa%@ﬁgis RRAG RncaNdulifaMsiabliey f1 eSok@r CRARMET tAddifonkhi,rshephiase.

Additional ly, diodes 405 are coupl ed on both sides to transistors 404 to
pr ot eXCR isdnied po thyoughugdte tnmia &1, iigmypnethgdung otfithivugh deto ddropnaldPos s
transi stors 404 and conplete the power transfer circuit. This setup is

repeated for fb@%gs %ns‘fs?&ﬁ" ?%653%3 %&@{ﬂ?ﬂ §$18{ ﬁe%) A%”t% 19!; Oélagéer c%%v&%ﬁ' ed

to transistor ctors i on r eachi
t r ansiBGURE 4042 stlli@ift&lc&ll@ﬁ‘tﬁitlﬂ@& coandqttdhahsiraafgemsm&&ran'ﬁfsaﬁs f&t thres- plﬁsla
transistors 406, transistors 408 are cowgled to AC source 402 and to DC bus

410. Ape R%Powqrchnge@mﬁlm bngigtor pacipdOp geceptboinpet Hodr e R Es SBHcDC
bus 434@2I \r/]ighﬁs% fm' A% RAGK AR tdrS 48N WMRoARr@thk RIS tr ALK RRIEHE R -

sever al IVI
convert the second phase, and transistors 408 to convert the third phase. Additionally, diodes

405 are coupled on both sides to transistors 404 to protect transistors 404 from damaging
voltages which may develop across transistors 404 and complete the power transfer circuit. This
setup is repeated for 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 resulting
from real loads. Additionally, transistors allow power flow in both directions through the

converter. This allows power to be moved back from the DC bus to the AC bus. It is typically

-4 -



arrangenments of one power capacity may be placed in parallel to create a
transi stor pack 400 with a higher power capacity. [0013] Transistors
possess fwiotery/@seisschi ng characteristics than SCRs as weCT/usgomioeo7abi | ity
to control on and off timng, nmaking thema better solution under
transients resulting fromreal |oads. Additionally, transistors allow power
flowin both directions through the converter. This allows power to be
noved back fromthe DC bus to the AC bus. It is typicallyrequired that

mul t i pégiited dhai muliplebamsdtadnval strynrstevioess ibe mMhadad pamlightahdmslle tapge

handl | ar | pads. Transi.staors. are,expensj.ve deyi rel ati ve to..di odes
and SOt PRI S ARTIEE TEATDBIO AR Rad o RS GMEote g eIy,
t r ansiigLer smaings §ffspakdd. eARNGo MG karRREIrk Mre {4304 4hd BRUR cadiljere is a need for
a power systemthat has the fast switching capability of transistors and

the low cost, durability, and small footprint of diodes or SCRs. BRI EF
SUMARY OF THEOQIRVENTIhGN thetrl 5] 2 Aieed gpanapeiert sstanhtlatt kasi the fasf matding and

DC bus. j.nhel , t - [ Ch d
coupt SAPTEYRE Frp G and B Bty TR ERY 2R3 A E SR PRL P 8! PRR A b

and coupled to the DC bus; and a m crocontroller coupled to the set of one
or nore transistors confi GrRIeASUMVMARYWOFRTE INVENTION ent fl ow t hrough the set
of one or nore transistors and to regulate the current flow through the set
of one or nor ¢oEispdesAn dfparaticiod traatficind &1 ACaushad @ bugticadet:a feegfibiad e

current through the set of one or nore di odes by regulating the voltage on
t he DETBIfge trapistons cPRleh i e &y busaidgoupled o @6#@ B adet f e ghmarediodey ent

flow tcﬁé}ag%'&% Lﬂ%eAé s%fnd%Bﬁ]l)l {1/ ¢ eeD&rtﬁfé,Sifl errﬁcﬁ)@gnt}ﬂﬁr 264p10] tPfe Qf of O €

di odes at substantia power ows through the 'set of one or
nor e tonarnsinsdretsinyikers ¢dn€igpredeto egdeke ahe tieerdDEldw shrowghwihe ienofiofid oistopower

range. The set of one or nore transistors can have a first total power
capacifSIERE P?Fg Qdeeypteoiie Girenbovaityaagh ?E]é% SHafk °4¢ SUcBREF flkﬂdﬁg \[I)\@Wer

capacigi¥roc¥htesiRr e bl ich8ficlred & reRAMRY ciARAGbYeH el 866f Sa% bR $iBgQANE
total power capacity, and which the first power range can be between Zero

and a régaingdhaawitegd oy thehDSebys. | FhqamdrocdparoBer am alkrebé icosfiguret & rqgolesy
concurtiiarox PEPFAG Gy Bt SRl bR ReatTs Pret BOBOEERG b 1 ne
set OfthAREbRINtIANY Qll POWRF f16WH §+Bh dHhe 8Mi (T@Be ok hotirikidthie wWHed tRCPRVdrabder 1S
further configured to regul ate power transfer
of the DC bus is within a first power range. The set of one or more transistors can have a first
total power capacity and the set of one or more diodes can have a second total power capacity,
where the first total power capacity is less than the second total power capacity, and which the
first power range can be between zero and a level dynamically chosen, in part, based on the first
total power capacity. The apparatus can also include a set of one or more power consuming or
storing devices; and a switch coupled to the DC bus and to the set of one or more power
consuming devices, in which the microcontroller is further configured to regulate power transfer
to the set of one or more power consuming or storing devices. The set of one or more power
consuming devices can include resistors. The set of one or more power consuming devices can
include capacitors. The set of one or more transistors can includes one or more transistor packs,
each transistor pack configured to operate as a separate unit. The apparatus can also include: a
switch arranged between the AC bus and one of the transistor packs such that the transistor pack
is not directly coupled to the AC bus, the switch coupled to the AC bus, an AC load device, and

the transistor pack, in which the switch is configured to alternatively couple the transistor pack to

the AC bus or the AC load device; in which the transistor pack is configured to perform AC to
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to the set of one or nore power consum ng or storing devices. The set of
one or nore power consum ng devices can include resistors. The set of one
or nore pPpYGRNIIBHMSAN ng devi ces can include capacitors. PCAISs@v/06678®ne or
nore transistors can includes one or nore transistor packs, each transistor
pack configured to operate as a separate unit. The apparatus can al so

i nclude: 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,
t he sWE phweoopivesianowhére c@lésu®, tham\(AGut ovdl titeDCdmis aaddo tpedotm XS ke AGT

pack, in which the switch i onfiqured to ernat.i vely couple the
P ansiPber e gt BiikeoRpie e TETDC ' Bt 8 4 IRBURBLEY T whi oh the
transi stor pack is configured to perform AC toDC power conversion when

coupl ed to th¢oei6] busardmshatdies foCiherSacaitart ACoIsf0HMOGuE thcAdePaVEE of one
conversi on when coupled to the DC bus and the AC | oad device. [0016] An
appar &F ir¢ Hansisies cpuRlpdép Bia ALChpuandgoapiod to the Phbuseset oforgeer meregy{eRor

t ' I ; f
o @ ORISR BENC HBLESc B4 AETRUARM EA Al Bt ifer BT o Besel ©
first offioas ocooid Ohdsitors copfiigded ® fepelaeahe ofirrai €loor thnmigh the s Sh@ObSMOre

configured to regulate the current flow through the set of e or_nore
t r ans'SPYFErsapl fHrRUGHR HcectFrat iawy Hipugh Bmehp%&@ﬁ RO I RY. IR 7t ror

SCRs. fibchbhtkSifer The bOCOREE ALY & r@gt@ But QR fhQUEIE thed Q¢ LEHE BF Sndrb! SRR b
through the set of one or nore S by regulattng the voltage on the IIXC

bus. Temldtingsthe modtage ontthe D busarilteufitsh ericioegnitdlee canfuter refulataglurtehe set

of one or re S by cont ling the gates of t . e a rat us can
o) so Tgrelic et Shamntr o8t SEBN P SerBRIERIET eder o oot ThEaSREReTRE f
whi ch aldaeintiutist a Rb&hacarié@nteler &aipladt @Sthe Wieeslt mbly U8R, thenhket theffiQne or
nore SCRs by signaling the second mcrocontroller. The mcrocontroller can

be conticipgpetiolics regdpicaewrent threvgh thieoat oherrughmprreSERs byfsignabng theniseend

transi Sit r%rcgntaqgrt q’ﬁe Sellérogg tPorf]feer gzrln gfl:)cr:oenfls %Ir:\z:s t%l“lr% hulEl r61:acturr§:rl1J bﬁé\g ttri()l{i1 lﬁ Mleasle{
power H%FOWS {?’ll’ o'ug the sel% 0] one oOr mﬁ'e dt ran%| Stt ors en the ower oad

of thefldaesndre twinkBiods and tHeSdet POWAE of ange.SCHE st thaf subB@n@4llyTaIl @ower
transi stors can have a first total power capacity and the set of one or

c L one
mor e $loR tReayeh Aheeseh ok @BYAEIMOBY BRNsHRIE Ieasae PeYEr Iapk pethereC bup st withina
power fﬁﬂ&%@de} YanloB, ITﬁé etto?%ﬂe Bpﬁolseet?ﬂlggtotrféeﬁll }ragg\ﬁ@frstﬁaﬁﬁ 6\%1é/rzcag'1§1?tyvgﬂﬁ(ﬂtfb t he
first power ranée is between zero and a level that is dynam c y chosen,
i n parset, ofbasedr mord BERK icas thav® hadecqaeral gepac ichpacitfhehappae dirttsotdpoaks o
i nclude: a sef of one or re_power consum ng devi c%s; and a switch coupl ed
capacity 1s less than the second total power capacity, and Which the first power range is between
zero and a level that is dynamically chosen, in part, based on the first total power capacity. The
apparatus can also include: a set of one or more power consuming devices; and a switch coupled
to the DC bus and to the set of one or more power consuming devices, in which the first
microcontroller is further configured to regulate power transfer to the set of one or more power
consuming devices. The set of one or more power consuming devices can include resistors. The

set of one or more power consuming devices can include capacitors.

[0017] A method for interfacing 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 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

substantially all power flows through the set of one or more transistors when the power load of
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to the DC bus and to the set of one or nore power consum ng devices, in
which the first mcrocontroller is further configured to regul ate power
transfer wo 20t03565 of one or nore power consum ng devi ®€F/USTHL/06E86 of one
or nore power consum ng devices can include resistors. The set of one or
nore power consum ng devices can include capacitors. [0017] A nethod for
interfacing an AC bus coupled to a set of one or nore generators with a DC
bus includes: coupling a set of one or nore transistors having a first
total tiolér bwsaipazﬁﬂtily atfostt ptevem:athgsts vwaackin thet fiwst O posver capaslty mgsubskwtialpf one
or nore odes ving a sec t ot al power  ca aci t the AC bus and to
Che Do S R o1 e P L RF e RE b BT it et dpé Pyt B Bbry

t r ansipgtselestedd 18REInSRt, & cARBpAId WARE pivOd@BgSHCLhith @le SlRSE aRtehRWhicl |
power fl ows through the set of one or nore transistors when the power | oad

of t he imdrdnighd enevirtohira sandritesy; thsoWe buy.ang e Mfidueiinknowen fd besless sabdd. Paswer
Capac'ffryt weﬂ‘I gg %Fﬁ béa lbéééreel? Sesro &1 lévr}? e ﬁvel \Q'F'[')b d%/% 1ca{ 819386%1 qﬁ é)aﬁt :)f

one or power range can ope se

part, btaaadcm t}esm@ﬂdatzﬂopdvm cppmy rHrengelrlcawba:ﬂyﬂahﬁcmyeﬂmlsd:n Sy $agby W ch
i ncludes the one or nore generators, the AC bus, and the DC bus, is known
to be CPRASEYOf Al e qtHaoKe; FeaerafRse The EyERtag FUBBARWSER ol insludedeghip@ite

The | gyl C&Pth@%(ﬁ%ﬂfeve%nle%oﬁﬁ% n indhud@Ebupl g%&%&gﬂ t!%ﬁtcfh' ht%)tDé%é‘

power cap C|ty can be nanlcally sen, 7in part
capac iatsyt off ortelve noore powenormsugarsrrat@ing. deVives;reguibtaty cvgreaufloe m]nrohglothess‘eep

can i nclude regul ati ng vol.tage on the .DC bus. The t hod_ al sg.can. i ncl ude:
coupl i%hghe Phi'g VLT SRNSUEHNE Phoripe fedcgsgvhendhe P‘b‘i"grgl %‘? %&ﬁi?%g ove
consuml RFoR 19E0T THY AU 9681 cheBH! BhhmeaficheRh, {d 95&& thkareh tﬁchﬁrss %tapf
one or nore power consum ng or storing devices when' t he power | oad of the

DC bugoiver edpavity.a second | evel . The second | evel can be dynanically chosen
in part, based on the first total pomer capacity [ 0018] An apparatus for

AC to DC and Eéb gh ower co ver |o 4 S set 0 e
transi stor 157 o TR LD B BESBIAC ¥y 8inelSafindlRES 0

unit cewgl cﬁfé dren@8 tﬁﬁs@t@ﬁ p&dkg, @cﬁ)@abustor padkWdn€iuRd apgedtchstaeparategniAC
bus and one of the tran3|stor packs such that the transistor pack is not

di r ectPyPlediprB¢ dus Had ACDEURUS; phavikf aErged bpiwean tthe vite bacard gne gh thee
| oad QIecl}ﬁlgt% Qzﬁg sIhPlg t}% %{r%s srtOIDIZaQ:E’ls LBt Mé&l& éo&@leg% ttﬁ@A b&sg\@tﬁ% é&p to

alternatlve coup e transi st pac to t us or
devi cepuplad to the AC bus, an AC load device, and the transistor pack, in Wthh 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 DC bus
and to perform DC to AC power conversion when coupled to the DC bus and the AC load

device.

[0019]  An apparatus for interfacing an AC bus and DC bus includes: a set of one

or more transistors coupled to the AC bus and coupled to the DC bus; a set of one or more SCRs
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whi ch the transistor pack is configured to perform AC to DC power
conver si on when coupled to the AC bus and the DC bus and to performDC to
AC power wonvavess4sn when coupl ed to the DC bus and the RCTIusa@9denBe€e. 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 | oad device, and the second transistor pack, in which the switch is

conf i ganpldd tothel A€rhvatand eloypled tp ke POebuseemha nicmasitstlisr cpadéd tothehet 8C bus

or the AC load device; in which the second tranpsistor ck js.configured to
per o RE TG BT SR CRRURASP SRENIRE RS ST dlh T RemBESEL SRR PhEORS bus
and t @raRGiktosy BhdGo ti@gibicPECEUEDR VRIS | tRFbuBH efle Gt )f Eshet Br tite XCRYS AR t he
AC | oad devi ce. [001%] An @ggar atus for interfacing an AC bus and DC bus

i ncl udeistocantsadier 6in baeonhigyred éo ragatns suern thiouph S o of leee ACHINE S&AE by
| : ; f . d
coup E%gl{l%hn{gﬂge %t%idn tg% by PG od {rglrléggﬁ %?gg}n?gur{xﬁté} llélgltﬂég gfﬂ%nfin

coupl a mcrocontro coup of “one or

nmor e tfloansirshi@r theCswn fof g et more @gnsisadre dnbiethe Wer eNbnd lod\whdrb rSCRN siidhethaet  of
one or nore transistors and to regulate the current flow through the set of

one orubistEiatierl povise fleive (hiogslt st Yebpl eamOLBOLHITSHiR 2 &Y heR heept Htlaatl r ent
t hr oughl. HPe,3§¢ w(i)cflingarﬁrs?f)ow %g%g(jﬁ}ebgét LESH Ath&g ultanﬁst\spé éaﬁcjﬁvé)gfﬁmot

bus. The m crocontr er can igured to regul ate current ow t hrough
t he sgbwef cgneitpandroreect ofansl atmoos SERE ¢tdnchaset sefominetad power epSGRs vaieoh
t hat substanti al | al | ower flt%ws t hr ou e set of ane

t 0 re.
t r ansi®®t 5 QReROVHe ApBURY 191 1555dthaR tiehercpied ik P%W%“taﬁ?%tyaa’flﬁﬁ W@?Chpg\ﬁeﬁ‘“t

range.polRerdgt i9be@Ren QbroMHde: fehANGLSLEUAyamRAPRUS R, T pait. taliPdn RRVE(
capacity and the set of one or nore SCRS can have a second total power

capacitetyl pawrcepadity. fihestpparstualcapelseringdagsaiseyofi enel @ggoremmet henssgdagar
total power capacit and, which the first, power range.is between zero and a
| evel FRUE REENHY b aPlrn sl B B RO BRORn st TRt RS PoBsher
capacicbisumif@ deapay! ai Which e RiG6cdntelBde fudghct @bn@dured® REulaR! R WP \Wahsfer
consum ng or storing devices; and a switch coupled to the DC bus and to the

set ofto difesehof wbe €r Prsvie POEBhSUMI MRl itedRg devicashi Eie tehef Ane poEtsie POWFer i s
further, a0k Quied éag% ihagyd getsﬁto?é?""%ﬁ geftao?%}% bt PEwESLonQlmPRG1eQceIRLE.
ng or storing device %’e se O¥ one” or nore po

power consu | S. r-consum ng
devi ceéscleddcapacitdig e The sétSif @hs or Titge &dlisiQbrs@ae iludesR @aneE (2aRStdrpaks,

devi C%?lchctargnsistor pack configured to operate as a separate unit. The apparatus can also include: a
switch arranged between the AC bus and one of the transistor packs such that the transistor pack
is not directly coupled to the AC bus, the switch coupled to the AC bus, an AC load device, and
the transistor pack, in which the switch is configured to alternatively couple the transistor pack to
the AC bus or the AC load device; in which the transistor pack is configured to perform AC to
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.

[0020]  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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i nclude capacitors. The set of one or nore transistors can include one or
nore transi stor packs, each transistor pack configured to operate as a
separ at e W0I2010/0Bks5appar at us can al so i nclude: a sw t chpraTsegedsciyes ween
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
| oad device, and the transistor pack, in which the switch is configured to
alternatively couple the transistor pack to the AC bus or the AC | oad

devi cehrobgh @iei sshof hee or anoss §CBs byawktrpBingdhd gafas et thedS Py, f dherppy@ratos D@

power convey sion V\/ne cou 0o the AC bus and the us. an 0 form
Bt o iR 6 ar L S E ST BreEAI Pl oo BBy B SRRt e wReh e ™
devi Cenictd8Rd oM Ne PR alrkthit idbugininersbasf fe anmbdfe HURs BYQidacliftithel Jrebiirles:
a set of one or nore transistors coupled to the AC bus an coupled to the

DC bugnicepcgritollst. dhe nyerogeiteol SCRan bo opifeetiradototrngulie agrentafew élzmpglealetset t he
DC b I
us o%n%r%mgljlp t?an (??{ 819(9 [h elt o? Pge'fgnorg St(gk% F tﬁ%t sufbsl%Htt%HPr ov(gFr

tran5|stors coO 0 reg ate curren one

or noifRwsrtarkigh Tﬂw §et ahdné or fr@gﬂﬂr@ds@térb@hénrthcepéwéﬂ losd bhﬂﬁm bubés Wﬁhansf one
or nore SCRs. The first mcrocontroller can be configured to regul ate
cur r erStOOMNGE EMEEh Ehe 8t ohPng ABMEFe taRsistosTran hsye adist k] H@W%rrfép%maaaéheon

the DGebySonelBembotd §€R'§‘c%ﬁ AGO0GLI QLR 0%2’8 EEQ&Jc1t eQHlfq%ttﬁé f%é%%&[‘%gﬁ&&ough

the set of one or nore SCRs by contro I e gat
appar ahpitganleas Ehan nhacsleuci&i total pewenchpaticy, aad mthidi the firg poplee chnige it breweere or

nore SCRs:; | i e firs crocontr ates current through the
set ofZe’iﬁ’n@éldoarnl‘°f\PA?‘€[r)l até HWC%dYg StThg™ P%%@L%%%%@%PPWFW %}Pamﬁiheﬁ?

mcr 0%91%5@'5 &1 216 thARIeC PBE FWhEDr tfdrd E&k@raéoﬁs&ﬁﬁhg QBtictd: any E@Gv%ﬂ Goﬁﬂ?@d set
of one or nore transistors and the set of one or Rore SCRs such that

subst antthaDG bak Ian@dwethe fsetowk onhropugdret preves etonsimingedayicespine whichndie sfiiist s
when t he | 0a irs The set of
o oo & Syl e e D p B R S B Y i PRuRE et
of ON@oMduNiTRE BeviEdsS ThRReh\G\edr M@EQW&MEME@W%V@@@%' ihYluddReiseors. Menhd i r st
total power capacity is |less than the second total power capaC|ty and

whi ch sete ong ps mopppRYerrcangEning dpeediean ipdnds cpacitery.evel that is dynamically
chosen, in part, based on the first total power capacity. The apparatus can

al so i ncl ude: é@(@?t A L 'formﬁEe?fagﬂlgEe(n (A@Bﬁénc&gplgc?\(é Gest AMheBorSWotEN

coupled to th bus and to the set one or nobre power consum ng

devi cesneratorsvvittla DOdub iincdideni muphmgl'arsed dfesnel @ rhorettiasisoonfidving e dirdt eotal

regul %t()\e)vep ga\ll\éearcu;[f an&%ffé bElg a;tlcrl1 teo the D8 bus; coug 1ngrrgrseet or%%vr\lg 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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consum ng devices. The set of one or nore power consum ng devices can

i nclude resistors. The set of one or nore power consum ng devi ces can

i ncl ude caipacinms4ss [ 0021] A nethod for interfaci ng an RCThisgooonopBed to a
set of one or nore generators with a DC bus includes: coupling a set of one
or nore transistors having a first total power capacity to the AC bus and
to the DC bus; coupling a set of one or nore SCRs having a second total
power capacity to the AC bus and to the DC bus; and regulating current flow
t hr oughsertrel batl. ofThorecood lenwl ean banlyngmoaly ahdsenhe pat, lofedne thy finwrtetalSCRs
such that substantially all power flows through the set of one or nore

t r ansiPSP'SF PO t he power 1oad of the DC bus is within a first power

range; wherein the first total power capacity is substantially | ess than

the total powgeo22qpacid yppafatihfr Y8t ®D@ARI DC (DA€ f@eRecaiRESon Tttudel:rst
power range can be selected, at least in part, to correspond to the power
r ange SEtrofuiiecH Mofe tigpeptar Padkyiseashtrapfipton Padkcqondigyred ie operategts ansparate unit

gener %Elgé\lgd 1o AR A€ RyS dadgfbd BEs PSuRlR kel QBM&IQ{J%GA:@% ﬁﬁd”‘%‘gbf The
first power range can be between zero and & 1evel. e level can be
dynamiteatibtpr phdsench ithat plar transixcephciris hbediredtist coupled! to phaveiIC bayaled twitchThe

| evel ca e dynamcally c en, in part, based on the capacity of the one
or mmceu@sﬁgé? HOAL Bphedn égﬁf%ﬁi yiCurPeribe fRBUAEE 8pckc 4R WHER (o SWEERIMat i ng
vol t agen@frtde Q@erm‘@velﬂ- Q@Jﬁi@tﬂaqgarﬁﬁfbridgélg td B! NESHusCRURE IAT8 10ddHQHEGNiA

switch, the DC bus to & set of one or re power consum ng or storing
devi cegiichr ehgutaasistog paakris entfiguredita perioug A€ e DEEpowdr conecraion ivdee cpapled to

consumnin r stori evi c when t r load of .the.DC bus js ab a
cecondhd cdius S I IR RE Rt Eln TS BRhime Py EHEL ST et B ApRXES on
the fipu§hnd HeahC POMEIevERD A et AppalalidZ2h aRB IARRG: AlsdSorldOwifér drnkXd BetfledC t O
AC power conversion includes: a set of one or nore transistor packs, each

t r ansitet € Prsciadobsricpdipael of Bedpasistos packsasusk that dhesagand treetigipieprokas ant AC
bus a DC bus Wt arran bet he bus 0 of th
{ranoiTEalY pati® 8 ACR S IR SRS R AT bundh AR o il e 1o

the AGedvnd, trdnRBtWdcR hirc otipdhedhe t Gvitcheis Afonbigsred ab Aerda@iaélydeibietheaddotdne
transi stor pack, in which the switch is configured to alternatively couple

the t ERSHSE FRckpl ke HCt s ACBLACIPad Hevigs inowliclidhs eesondl rappiston Pafle is
trans 'cghﬁ?%urgcﬁgd%séﬁ;n%%&'tg wCﬁgm%% o%ﬁcérg’i%gw‘h%nt&}u td ROMIETAC BIY P HOBE

coupl e bus and t bus and to per C power
converaad ao pafferm dodpb eAliCt@wedneobrsion when coupled to the DC bus and the AC load

device.

[0023]  An apparatus for use in with an AC generator, an AC load, and a DC bus,
includes: a transistor pack configured to perform AC-to-DC 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

-10 -



bus and the AC | oad device. The apparatus can al so include: a second swtch
arranged between the AC bus and a second one of the transistor packs such

t hat t he wecondss4sansi stor pack is not directly coupl edPCo/ush@IA@7Bas, the
switch coupled to the AC bus, an AC | oad device, and the second transistor
pack, in which the switch is configured to alternatively couple the second
transi stor pack to the AC bus or the AC | oad device; in which the second
transi stor pack is configured to perform AC to DC power conversion when
coupl ¢kt trandister peCkinosthamntdie tttrasiDOr Ipack anag cpovepeﬂ(bpw@drt)m th€fohes to AC
conversi on _when ¢ 0 the us _and the AC Ioad

appar AEUEF R ORI ThE micReongaler misve dRep dRdn i i fd Bidn 10

| ncl udeBnecatteRNShSIQT (AR ph@UAHe T REEF6InAG Ju@c Dfe REWAL sGABY &F Si On
and DC-to- AC power conversion, the transistor Eack including at |east a
first conpgt thenspcand epwhaf Th?pmnswéprfpacmto 4 DEhbeosprhad theotrwestqmwgbrr@mt or,
the A h rLans

fi rst%‘gl\}vlvet%ﬁCt \B(r?%%cfég&t%le%r%g%a{ he f|r t ieﬁg%rttthoﬁ)(?hbéls’t irngc{n}é)ni gtorﬁlﬁtg%

t he Aeog@gl&écatcﬂmstrhchehé\ﬁrdt@a@kch o5 coiiecGe st inputsEabe drassétd e packauphe o

the AC generat or, the AC | oad, the DC bus, and the second input of the
t r ansib¥t Rd sEmct thp seeond SHACh P cepnest ﬂlarﬁ@%ldtlapwﬁh%fraﬁw%g%ﬁa theyp6t  of

the tnapsicy fq%lrthé’ﬁﬁllfsfl JE gnﬁg n0&t Bft?éowérf}f‘on‘?‘&e@é%us & AE w’%ﬁf&‘%ﬁe Agnd a

m crocontrol 'er con In a i nstance, instruct e first
SwW t clloaind t he second switch to connect the first and second inputs of the
transistor pack so that the transistor pack may convert AC power fromthe

AC gener at or power for _.the. DC nd to, in seco d ins

fnstruct the 108 DSt o Rinecs SRa B0t B Bt OGN
secondrRUics Rfbvhaciz@nrshedrfibn Hﬁl(‘c%nﬁ@cﬁd]ﬁwthh@ géﬂe@ﬁt@f st Rfadpﬁ‘lﬂ‘ci( al®y wenvert
DC power fromthe DC bus to AC power for the AC'|oad. The m crocontroller

may béndedesi genpdigsttee rartivtoicpackie the generatw st theoDEobusewch tthas the Fr§t181$tﬂfput
of the tranS|st nerat Qr_a secan
0o cobatll a5 p2iiBim BRCK B Bl SC IS AL Ry S WiBiddilq iR BT EARTnE e "

t he t raAsik®! pickp@dake MEYb@OMdeht 164G faohveat fieomnsReorAaclg ang rpatfefmtm: EX:Aprer
for the DC bus, and may be further configured to instruct the first switch
to cor‘fﬁ@%ﬁcm?lh@rPprt@tDCﬁB@YerﬁPnthe transistor pack to the DC bus and
instruct the second switch to connect the second input of the transistor

pack to the AC | oad so t'ﬁﬁElf]ﬁﬁséﬁ@PﬁJN%ﬁHﬁﬁﬁkwﬁﬁds convert DC power from
the DC bus to AC power for t AC

[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.

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

diode rectifier.

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

for AC-to-DC conversion.

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

transistors.

-11 -



| oad. [0024] A method for using a transistor pack capable of performng
AC-to-DC, DC-to-AC, or DC-to-DC conversion in conjunction with a generator,
a | oad, aw02a10086438s, i ncludes: coupling the transi stor Ppaais2409/064786
generator and the DC bus such that the transistor pack may perform AC-to-DC
or DC-to-DC conversion. The nethod al so i ncludes coupling the transistor
pack to the DC bus and the | oad such that the transistor pack may perform
DC-t 0- AC conversion or DC-to-DC conversion. BRI EF DESCRI PTION OF THE

DRAW NGS [ 00250030dr FIobRE conipl et graphddiustratmi rthe oflifferemt popsaintg iregiemt i on,

reference.is now made to the foll ow ng . descriptions tak in conjunction
wi th CRETRESRARPPNE SPLGE 108 SRR EANE S 636 MO o e MyeRIMek i agr am
illustrating a conventional DC voltage bus coupling rmultiple AC voltage

generati on sy$0031% t FIGRREESis! D36tfemdtRO02G}trdtingdURE eXerhflagy BTh®GRtrégulator
illustrating a conventional six diode full-wave diode rectifier. [0028]

FI GUREsRgjadTagsiston opgkt 3nd 4 Jipdaspackuarepidiagdo avesmbehaentofitheypapitian. of SCRs f or
AC-t 0- DC conversion. [0029] FIGURE 4 is a schematic illustrating a

conventi onal - gRoeTRALRY 7t fanslinhliR 1803 FLORE Bk 1R BL@Rkkulator

illustrating the rent operating regions experienc y a powe
convensingn tsysitsempadcorwdi $IOR tpaclkome osliipoei are rinboflinhdne of the émteindon. [ 0031]
FIGURE 6 is a schematic illustrating an exenplary DC bus regul ator using a

transi stor pa d i pack according to. one enbodi ne f the

nvent on. [ oo, SAER 0RCY BRGTE Mol P TP Dot P19 bus
regul akil aUsdifter @cbfd@msiosdnelenfhdainéidf he$RnAdgk according to one .
enbodi ment of the invention. [0033] FIGURE 8 is a schematic illustrating an

exenpl ary DC bus regul ator using a resistor according to one enbodi nent of
the inventionl003d34FIGIBIRE ©§ 3 schemptiseitustiating] any skeraplaryg Din bax segtlaiey DC

bus r %gfllllgaatr%istor 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

[0036] Fast switching characteristics in a DC bus regulator are more likely to be
needed at some times than others. Under certain conditions it is more likely that the load scenario
can be unpredictable and experience rapid changes making fast switching necessary to maintain
the stability of the power system. For example, in the case of a power system on an offshore
drilling rig, the power system tends to be unstable where the loads are small compared to the
online generator capacity. Under these unstable conditions, the quick reaction time of transistors
is desirable. However, when the power system is stable, fast switching may not be required.
Where the fast switching of transistors is not needed, diodes or SCRs may be a more durable and

cost-effective solution for power conversion.

[0037] By recognizing that the fast switching ability of transistors are only
needed during certain system conditions, such as low power load as compared to generator
capacity scenarios for an offshore drilling rig power system, a system may be designed to include
transistors capable of only handling a fraction of the total power load along with diode or SCRs

to handle the remaining load. Thus, such a hybrid system may be reduced in size and cost as
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using a resistor and capacitor according to one enbodi nent of the
invention. [0035] FIGURE 10 is a block diagramillustrating a sw ng pack
for AC t owD2p10DGe456- AC, and DC-to- DC conversi on accor di RgTiUS2amm6Esbodi nent
of the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0036] Fast
switching characteristics in a DC bus regulator are nore likely to be
needed at sone times than others. Under certain conditions it is nore
likely that the | oad scenario can be unpredictable and experience rapid
changesmpaicilrig ahadl trawitohiyngmer ébs sanye taalnpiwerdoad whde stibdintaining fashe

ower system .For exanple, in _the case of ower system on ffshore
Gri | Egehing bRy BEEETeEted e ROTAGER o sutRe riie SHEH P T Sacmaie
smal | coRBRARE thet @vd REhMIbSIBE siteN BH@AL RE ORI petfortdNstekrdlifane sins traddtdn.
conditions, the quick reaction time of transistors is desirable. However,

when tRaghepogentianyel amybyd sysbmereqpizest utshging hioegtrodasysiest té reeogoizee @owwher e
the f SW t ¢hi f nsSi.st-ors. | t.N e i 0 . a
e’ SUhABPh SRS SEn b IBIAURE BbSe o B hegt) B8 E SE IRy

r ecogRitdtin@e tshaémtihkkdl asd besmbiecdtablg ability of transistors are only needed
during certain systemconditions, such as | ow power |oad as conpared to

generator capacity scenarios for an offshore drilling rig power system a
syst em may be 10058 gnéaal%iﬁ ntlifidd 8rR sﬂlgtsaﬁ%ngcaria%lbﬂlgfe gomeyatﬁgndmlﬂ@% a

fract Qe @yt 8t akeMPMES DOAs2HBG M thafli FHBoR! d fig fandl §stehie

remai ni hg | oad. "Thus, such a hybrid system may be reduced i1 h size and cost
asconpeacedingdo anc ambodinensofstheinwpsorenChat 500 plaapeverdtad thyowgr the dXdbwhi | e

still maintaining fast switching abilit e eded. Realjzatio f..such a
yst et oS B weBy® bl Sgm R e s P sernaPbor s S0 Rce¥ot b

t echnalpg ghRs 566 tdppésehO@Bab@| kipati@ of M rhikiiGbrk QReludRRt Methe &E@BlalPDObuA
hybrid systemrequires utilizing a control systemthat recognizes power

condi tregyaiod iyliighyisvemily i faggen gﬁ/\i%@ detinheppagitynol @e sy remyas dlupieated by didenddy
power ¢ Lt i0ns rin ich,the systemis |ikely tao be tahl e.

Fooser e birE ane LR A sORBHPA TR e ol BedkulBrofB PR B i,
exper isgngsdwdyopstatixemplodey DBCrétisn 5¢guihattihsistdraareOinf fiwnd endhdtiong I g
power system according to one enbodi nent of the_ invention. Chart 500 plots

power ¢§ieRy>t Br BadREHEOr DEPasify hasdiraresrecsrl poagicsles o paitdigd qiotRetssist in
Consumﬁﬁlﬂﬂg By 151%% h¥adP uﬁe@@n X520v3rsPR%erst | BRGuctBR frotl4he DC bus to the AC

generators. Region 52 has two operational modes. In region 521, the transistors function in
reverse conduction. In region 522, the capacity of the transistors has been exceeded and a set of
resistors or other power consumption or storage devices are switched on to consume additional
power off the DC bus. FIGURE 5 illustrates one exemplary operating graph. Lines 503, 504,
505, and 506 may be pre-defined levels or dynamically chosen based on the operating conditions
of the power system. Other alternatives are discussed below and those skilled in the art will

recognize others based on the teachings herein.

[0039] 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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505, and 506 represent the total capacity of the transistors included in
the exenplary DC bus regulator, which is only a fraction of the total
capaci ty WO 20tvse458t em as illustrated by |ines 507 andPE0RIS20095@86 5 1
covers forward conduction fromthe AC generators to the DC bus. Region 5 1
has two operational nodes. In region 511, the transistors are in forward
conduction. In region 512, the transistor capacity has been exceeded and
di odes are switched on to assist in handling the |arger |oad. Region 52
cover snayehweingdergonerliat least farteaiyt henDCairigort prck HO0 ACFYeliBEat. o de Regi 61 52

has two o eratlo I i t he t si stor.s function in

o or OB AR RO R ard DEDS: O Thadd, B B Pk ! a2 it poen
exc eecﬂﬁﬂlaﬁpdu@ngs glod@fredigiel V@IS FREURE NS MR@BEInt©UBSEIPLsi dporifvelSt @nhAg€ed
devices are switched on to consune additional power off the DC bus. FI GURE

5 il tetiaptiser park Ehletopdoatypl @pé%umentn@ogrthrpngh Bigheutpsn 3oltme Af tROSiston peck506
may bepr ‘i/n%f c%)ﬂt%jller%\ﬁlrﬁziyol% X rﬁ% }/n%%p%t% o%ﬂoﬂ@ig t&%sgt%?'i)géli 0B

condi ti ons Ives are scussed

t hose s8d hd, €6k ¢)d’zlniﬁltﬁ a%frbgmﬂnhabﬂeeﬁﬁlgﬁprbees@émarcﬁglbﬂisgﬂalOproté's@oﬁ Epsiprngld
her ei n. [0039 FIGURE 6 I s schematic |IIustrat|£g an_exenpl| K% DC bus

r egul RrFragiaplezge RFgn EIE%A haPricaiog teeidis ipisekdedcuetiti(yS o) -offeany
enbodi n I

oper at Syt dBet KRRl RERYS BhFbe RPN Ff IR b PpldI ST Hhay K

t hr ee-spﬂm&e ACasobercent®dineonaartsiscorgeichb 12 man shdapommdend O 4nondtot v voddageaf ue

for 6 ne ap Ilca ion may be 11 k Tr ansf or utputs
vol tagﬁ g g?‘f Fﬁlfgre@%teaﬂﬁrqn Hawe: f?ught&%ﬁﬁt@w%%&e ]1r“&?3t PRofRS 6‘6116[6) differts20
i's 60Qods dMheditflo Fb%%ﬁltcﬁoéomﬁla Odéaéonffgﬁ?éasﬂoslgl‘éhdgQEﬁuthlazmi@cycolﬁﬁroH&U@iJ'ed to
line 610 and DC bus 614. Transistor pack 612nmay be inplenmented, at |east

parti abbyt fulned pgyverdaneinds.or pack 400 in FIGURE 4. Di ode pack 622 may be
coupled to line 610 and DC bus 614. D ode pack 622 may be inpl enented, at

! east parf[i al l MMOIHGC eglnggo Ff(?ﬁf{ii@ % reé?oonk(l)fgoffrat%n%l% a sqbsg ﬁglnt r1r9oI Sf 613

IS operatlvel ransi’st or ntr urrent flow

t hroughe adidl endrpipadsalst ageugdf rdguRRs| G000iPgaks BidughVtieigaon iidld bEY. GA%& may
be any control s stem capabl e of controlling transistor pack 612 such as

for eRapied ca 1613‘?“3%5? @C%rraﬂlﬁb%bbé@éﬁocogf(aleg |6tlé|60§ﬁrelhag ti3ngEes park

(ko b RLSG(SIPTDE B0 LeY LR b AR SV RanBEL s

613 nalyodee tdé ndegmatetd Mﬁdrhcdnnahsn Slbmapaoktrdﬂjtﬁe oysteraysudde that all current flows
through transistor pack 612 or simply such that a substantial portion flows through transistor
pack 612 and a smaller portion flows through diode pack 622. When the power load 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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separate. |In another enbodi nent, transistor pack 612 may independently
noni tor the voltage of DC bus 614 and regul ate current flow through
transi st owopamkseE2. | n yet anot her enbodi nent, | oads c@cmask@d/ 0686
regul ator 600 may be configured to provide input to mcrocontroller 613
about future power demands. [0040] Turning to FIGURE 5, in region of
operation 511, a substantial portion of the total energy passing through
regul ator 600 will pass through transistor pack 612. In a preferred
enbodi ment, t H0GH]s Fowompl ewmbhediniept ndfcrospsiemolthaer c@wverts oA ol DCngower

Lhe vSPERES BN FRGPES0 AL Rt reU T Bmse o B gt EbHALS EhASPuBE IOl 1 o1

613 mey tkOrthds@tork R SNShBM apsdiyt b cadt] afdUedn@idllalk @WE et draHE B CRANSIRS Or
pack 612 or sinply such that a substantial portion flows through transistor

pack @pgragnth thesyimplest caseridinsinalf footigdeshbwutfive dho @édgsatertug of cyet qontohower

| oad ingcr Sy that region of operation 512 is entered, additional
energﬁﬂr\(ﬁgmuglﬁ%?g\%“[gﬁrough di ode pack 622. This may be acconplished in a

preferred enbodi nent by mcrocontroller 613 configuring transistor pack 612
to nodi fy the[60:42] agdIGIRBC7biysa 6dkkniaviceilakblraingondecérhplaryt BX(bbgh reliudaer pack

622. \When operation re-enter egion 511, mcrocontrol]ler 613 configures
t r ansi'$8r 2 JEERISEL Pack O fﬁdﬂq@a%|af%f5emant0[>@woﬁ§1beiw% ‘)(]ﬁi &g ypyengion.

subst ﬁ%bﬁt&ﬁo@%’&g& SoCORHH, Ele}ﬂ&&lp%fkg%&diﬁuaﬁﬁ& W%%%%ST%%‘%} i#g&k in

regio 12, power "conduction through transistor pack , In so
enbodioi@ns spufled ¢ dime f610antDY trusdilde dinutar tte regulatbe G00.ASCR peds 22 may ket ai |

bel ow, thi y allow.t i st k 612 i hereof to b
neeq crigef o T o Hts ClRhhnre RE SEekFr ot ST rbilm bR’ o1 SRelr & uh
not ed itk REUdfick Bed Weeburedi SOR itk 7206 B4R iRpRInded, Relchipaahsgl ut e

capacity of the available transistors. Rather, the border may be an

appr opsinatd- R ancke3Q0alki g URK 8. &t sagimit oft onsratipai J1d bi substsabal pastion pf thedetaht or
600 and_ the operating charactepdstics of, th st.em. [ 0Q41] , Anot her

entiod HER 157 gk 2yieP @ FERAASE 300 S P bR HBNER 28 MR Litsrery

packs eafddisidRt Ak ondellea bl 3ges @htrblpcsved Edwairaugh ttahdstbapickricAS AR BERT td ME
of the transistors and the hi %h capacity, low cost, and controll abl e

cur r ertgue thievars ondeRdusfiratle e odiay) Bderogu@liPieht palcorRledivdes
but hayq: bha 38t RbiA1L618 4hd PPt the Bheel BE AIGCRRLS SCRHA 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.

[0044] 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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[0042] FIGURE 7 is a schematic illustrating an exenplary DC bus regul at or
using a transistor pack and an SCR pack accordi ng to one enbodi nent of the
i nvent i orwOReguisetssr 700 may, for exanple, inplenment thecTystenosi7Bust rat ed
in Figure 5. Transistor pack 612 is coupled to line 610 to DC bus 614,
simlar to regulator 600. SCR pack 722 may be coupled to line 620, after
conditioning by inductors 723, and to DC bus 614, simlar to the placenent
of diode pack 622 in Figure 6. SCR pack 722 may be inpl enented, at | east
part i ghatky 832|smang b8CRNpatskd 30 (ransisfoirGURECIE malynbe eigiibm tof the geanaistopn usdtll jn a

substantl ort of the total, energy. passing thr h reqgulator 700 wil |
pase. TP ProsahEl s aphp e p% D NG EHig P RIep et llb s cirn Sherdtiohal
mcr oc@:ﬁﬁﬁaét@h&tﬁ:rs 61 kBesr Gask 1890 rﬁ%ﬁé oh@Wddb P ugibrdcbnslies taIR @astabRlaer i n
order to regulate the voltage on bus 614. In one enbodi nent,

m cr oclbwbleaksistorseiia. dngevessupsvess aperadoRrgmek ST as ilivssated SnFIGVRELS, 62BCiray
t Lh h
con r%lla[é/ ﬁg\ggtﬁ%ﬂ h%an%l veI gﬁ? 6%@ bggg (& %(‘d( sguzr%«? 82. G@Bl:n t}%oﬁ'e wer L}a%\ﬂ:l 4 LPud

SCR pac ern mcrocontro econd

m cr oc@ntisol lpack 6ndtis Iréalchﬁd rrﬁicﬁﬁ)anttrdsladr @@nmapleﬁalilbera&sgﬁﬁ)r p[a919¢$312 afootiner
enbodi nent of a sy stem that converts AC to DC power conbi nes tran5|stors
Wi th JOBEBLO SONSERE Sk Sobiaag hsipaty BBeita W hERECTAGOR FSWFS It FHEIRELG and

Fl GJREEZro@BHtr&fér %i@dmfa? (I Hﬁ“&ar{sﬁ‘?orcga‘%gc%z}’ afld pto(xz%f”'%l o %E% é"%‘?@ gﬁgu%l Re

f orwa power exceeds the transistor’ apacit However
only ¢mnsistot pack GIte Ak déctiisod abowy et lvo*rgeltlifw\maefrr mgioals I58Wiang S22\needs eotplun/ver

flow. ratln region 5 resj stor bat t c acitors, ther
st or aé]ée %9 “éee%apﬁgv %fgthaazaaéﬁﬂ% fedrangisie '%em IF | m&ﬂrlaﬁq ?

i's a sabedBd Gedduht@lerAhilie ?égoﬁaé@gmﬁ RbYlakdr é@gsanmgfy bﬁér%ngaia@&térgatss bor s
according to one enbodi nent of the invention. Regulator 800 accepts input

from A® setence 602 after conditioning by transfornmer 604 into |line 610 and
| ine 620. Transistor pack 612 couples line 610 to DC bus 614 and di ode pack

822 COUpl es | Ié 20 tlﬁlo% I'CSI tOI'S pI'OVlg(F tpOW@IpCOl’le,l{IlLII)H n V¥ %Bup%ﬁ‘l%ﬁ:ﬂg&jgkﬁogbee of

di ode pack 82 o achleve Si m res as

Addi t itgeal dfy theth@mas, &h@EO\p@Cﬂﬁ 1(8&3211 Bedtpli8ati6si SIn0E gefbdtotsecoburiiel fesbdides
Transi st orpack 832 nay be conprised of transistors which may be simlar to
t he treBetesatethe ensesy faken pladkg Q@dﬂquplécywuéilbe pisferplly thatornie §p¢18Y ik {fdhchi ng

conpongnhs Wd nd Qni?eir d%‘ga;ﬁl?;ﬁr utotpa‘%ka&d qzl%gra@%t 1?1{&%% 2 rSuJ{ ARBhEL R AACK

832 may be contro rocontro to ena e
would increase efficiency and reduce the cost of operatlng 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.

[0046] 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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di sable resistors 834. In reverse power operation region 521 as illustrated
in FIGURE 5, power may flow through transistor pack 612 back to AC source
602. WherwOhelopsesss capacity of transistor pack 612 is PEeRAISWI/060786

m crocontrol l er 613 may enabl e transistor pack 832 allow ng power to flow
to resistors 834 and dissipate as heat. When operation returns to region
521, mcrocontroller 613 may turn off transistor pack 832 and power flow
occurs only through transistor pack 612. As di scussed above, the border

bet we &6y rgpeshivel 24 loanchef@2tortestbradin drgacitves kol dissepatapthcdugh refistoits46.

avai |l abl e transi stors,. Rat her_,the borde b n_appropri val u

ki ngh TR RSE RPCRHRT ERET S Bovaanty ¥ rovea SanaRBr PEse 200 E AL AC

oper atsbinge 60RN WHeR theSpdvies cBpacith@f %84 pdcR@42]s BhéRauairé@stsharc 3phayi de
power cons;ﬂn‘gtl on when power needs to be taken off the DC bus, the power is

| ost icnatie &2 dillewinapewer. todleve o gappsitarsos. cHisn mperadiep uetods togegienerat e

t he ener f the y i d refe e t.ore. ner gy
AR EER oL BN R o PR S5 L b P Bl
tinme. 630CRegula®nDOQuiagtalwusaatbehbin€ive as estdrs andaupyciesidin gldtces dapscioast of
operating the generators for the power system Additionally, stored energy
may r E4ponHuiksTe 28y PARRTcaNergy disSiPAieOE SNArgYoNerer daeliiolasydmen bendiates i n

power cgﬁj;gﬂﬁqoﬁ‘()feasdzi {ifbkGtdtibn k4 cg'g&?twqtsﬁcﬂwast g HEREL A P, fide tO the

| engt h of response tinme requir to increase fuel “consunption to generate
t he needed power. Furthernore, autonony fromthe generators is obtained,
because a sudd@#7] ai |Altteugli thchpre&k@t gesasatdras desryibbé it dated nsaigatirdeyphiake

stored power. [00 FIQURE 9 is a.schepatic illustratin n exenpl ary DC
bus. £ afarass: b shatod i G Gt By Bl SapSBebf ol LSS e B on
accor $GnnGwoPphaftCorMRIN eerRfortthtn DUvemtiadls. Regul ator 900 accepts i nput
from AC source 602 after conditioning by transfornmer 604 into |ine 610 and

i ne 620. Transistor pack 612 cou&l es line 610 to DC bus 614 and di ode pack
822 coupl es | il4820 In ghepstesignsof TG UREA 1 ouptipls ACtolidcteeiigis drg reqpiredas of

di ode ) AGHH i 2 S U S iti I Wi pl es
capaciagegﬁls%ﬂtgég I%c;égr%(laﬁs ?és{l?\'g?ese%éf? P{)Ce%ébgu%m@%%rtsSw c‘#‘é’lgﬂ%’ n%&g/tgf)gﬁ rﬁ%”
cont r epkadc &y Ad pswoaantrthdeie G4S nte@senald eorvertdhs pber eaprdDCdus badid to
Additionally, swtch 950 and switch 952 coupled to capacitors 944 and

resi st'tr S0k it meaygRscttilizet Py mipoly terfdrgikiies! Behe pdrel rireeupdeatddr&0-94a or

di ssi %(V%fi cbiVeL4aD n{a%sﬁesﬁ&'bﬁlpﬁél@d using similar components 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.

[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 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.

[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 includes bank of converters 1002. Bank of converters 1002 may be any number or
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In reverse power operation region 521 power may flow through transistor
pack 612 back to AC source 602. Wen the power capacity of transistor pack
612 i s resohew/0sms6rocontroller 613 nay enabl e 942 al | oRrClgISp@ves078®© f 1 ow
to capacitors 944. \Wen operation returns to region 521, mcrocontroller
613 may turn off switch 942 and power flow occurs only through transistor
pack 612. Regul ator 900 may al so use a conbi nation of resistors and
capacitors in place of capacitors 944. Further, any other energy

di ssi pambontion ofrmerigys sambkged A@eﬂorib@o@ﬁ waChendi$¥dtd-PCcambyersatmi onchoas as a

Fooa7 oAbk AR prken i CRtoEupBin ety DB R Bl bh s Fe

t hr eefhase 168D 904 dBEmotiRN&ideKiol Is6idtdrd) 100 MlatdBY1008 adhdny c16Rdi ¢dtpldhdne
di sclosure in this Epllcatlon to operate on a two phase or other AC

syst egpnvtef obRuBClYEnierlaeokd 4 lpailamio Al arHaC desergioroer © MRV 1R lpading fs e
AC-t 8}3&0‘%%%{@ %h%lf?ol&%&”ﬂl ede %%n?&l?edngéft éx%%leD%P/;afn&%go ‘6?1 }&f 8th§1nd

DC-t converters

t her efcofigoli tystesn NRHEHIAAIHE tsépa@zﬁél\/(ﬁl‘ thet Mep@wemcmaohdﬂ@u@%nus Ibdm:koﬂ @OGKC
before it may be utilized by npto skilled in the art wll
recogr‘fP%‘@tlt’%POB@” petore repsiing E%\)Qﬂ%l%nhl?ﬁmlob‘b a@%ﬂoﬁﬂpqtyﬂeaf 01Ty PSVRA | ar

conpo e I :
Cr ane SfumRndints JREEheL Bl AT P peE R A RS B o DL RS R e

may béasnin the pedtetsmt hand.oFon @aipte, AL cfommvprvedrgack Af bank 1002 tte paddPopener
conversi on may be acconplished, usi sim C onents as -1 0- AC and
AC- t 04N BECIFIET 28ONVETS BdeL[eo‘éPz{’@]‘gl%‘?il &lhﬁedfg'rbflf B%ﬁ’fceﬁ%g?%?fs[x‘éf thgrsEqre theon
exenpl R} ya&m@cvmd h& &k%éq a8&d RANEYing bower Borfl ity éne&térrtemetm@rb%gst ors
to di odes or | east a port| on of "the transi s or pack no longer in

use nmay be svmtched from converting AC-to-DC power for the DC bus to
convert DC-t o{MB1powe¥lthopeh the pieteatdiseloswadnd e édwtag@bhwé)eé@vlbwbe@m

resi st uch conf r duce the rrber tr.ansi st
cqu ot BTN GOH-PEGRE R M TGS, BSuBRE e bRl Phalirnss 1 ne

space hegu w&@aarue@aﬂmg ﬂrchﬁ tigOspliriodndt ftepO YL M| dischanes asSdé$illed‘Iflby [tRXO BfHenéid dCURE
10 is a bl ock di agramlllustratlng a swing pack for AC-to-DC, DC-to-AC, and

DC- t o-BimeoriVieresv e thec seapai Hothe Pressat apmlisatioent nef intended i dist Hiwed powes
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 substantially the same result as the corresponding
embodiments described herein may be utilized according to the present disclosure. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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system 1000 i ncl udes bank of converters 1002. Bank of converters 1002 may
be any nunber orconbination of devices capable of AC-to-DC, DC-to-AC, and
DC-t o- DC worosvss4s8, such as transi stor pack 400 il | ust raras2000/0678JRE 4.
Bank of converters 1002 are coupl ed on one side to DC bus 1020 and on
another side to isolators 1004. Isolators 1004 when cl osed coupl e one
converter of bank 1002 to line 1014 leading to AC or DC generators or to
line 1012 |l eading to AC or DC | oads. The isolators may be controlled, for
exanpl e, by a microcontroller or ot R&ald®ntrol systemthat nay be separate
or the same as mcrocontroller 613. Inductor 1006 conditions power before
reachi ng | i ne Wkkik2s drinlddrie 1014. The sel ecti on of which power consunption
units are engaged in generator to DC bus power transfer or DC bus to | oad

may be based on the process.at h 3? Fo ampl e, use of on power pack of
bank 1602 (o PREEUSIREMGHLR e 0y StbPLY GRRRE Rl o be done when { he

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

engaged in moykd@f BANET mbreQfank Rergeipleatts thd ACHIE akdlchipfed bARSHL Kist hough
the present disclosure and its advantages have been described in detail, it

shoul d be understood that various changes, substitutions and alterations
can be made hepdiohong pvoke dedsaconmied fo HemAthussamdicouplad &0 diedYebet; apde

di scl osure as defined by the appended clains. Mreover, the scope of the

present appl i ? ﬁ%i%}l‘a@oﬂtﬁ)llgf)&odp%{ﬁqﬁg sdtQf l?)?l lo.ir 'ﬁlotrg qraltls(?st&lg Q:_OHB%I%IJ.C% ?A ﬁefﬂﬂate

enbodi nents o e process, i ne, manufacture, conpositil ter,
neans, nethods amdcatepdlatestopugiethel set tofions peanbriectatnissrors Asd omeegflatortio nary

skill in the art mﬁluqreﬁgll Eggregiate frogﬁtye present invention,
di scl osure, maclfPHEY NARREPLEC Oy & O SRPOSTPICEHRYSf matter, neans, met hods,
or steps, presently existing or |later to be devel oped that perform

subst ant i alfhy dpprad@’ clainct, iiRvHEL dehhR¥RoREOIRrant B duyed {Eberegﬂﬁﬁ duRHl t as
t he correspondln%@enbodlnents descri bed herein naY be utilized according to
f ta,

t he presentthighgltihesale. onaee oot Aighss byt IsgulappeHdao!tegeaemiiedXebint ended to
include within their scope such processes, machi nes, manufacture,

conpositio e, 1.0 . y t | ai i Ss:
1B Sappar 2 geeiRpS B euFRCL i R e i eaf B bt Bl et LEE 7
one or nor €low énaightthy st 0OUH @dnbdie tidnsistde ddshasd of onpbetloteadidbdes sDéh thus; a
set of one or nore diodes coupled to the AC bus and coupled to the DC bus;
and 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 to regulate power transfer to the set

of one or more power consuming or storing devices.
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a mcrocontroller coupled to the set of one or nore transistors configured
to regulate the current flow through the set of one or nore transistors and
to regul ave 20teseassrent fl ow t hrough the set of one or mora@sdiodersé 2. The
apparatus of claim1l, in which the mcrocontroller is configured to

regul ate current through the set of one or nore diodes by regulating the
vol tage on the DC bus. 3. The apparatus of claim1, in which the

m crocontroller is configured to regulate current flow through the set of
one oi6. nor dherappsiagtsorisclain 5t fre wheth & sehef one momeordippdes ceugimingalevices
substanti al.| fll Quer flows through the set of one or nore transistors
when t he pdﬁﬁ? 5§P F'Yf the DC bus is within a first power range. 4. The
apparatus of claim3, in which the set of one or nore transistors have a

first 7 ot alTheaWptraBBPSTEhiyn 8Néh Gingchsee sf oPBRe OF nidE GokiepdefsundENe devizecond
total power capacity, where the first total power capacity is |less than the
second totamcﬁgméﬁmgéﬁﬁcity, and which the first power range is between
zero and a first level that is selected, in part, based on the first total

power 8capael‘ht3 \Rgéatu!-g?cﬁﬂﬂqrﬁt\%ﬁcﬁ) heCsE dthn%’orfrﬁHré Hgﬁsmq&m?ﬁdl de@%ne @r %%}e of

one or nore power consum ng or storing devices a switch coupled to the
DC bus and ttaasistoe meks, ofaclo reansistorppaek paweigurdnsu wpergted ey iac eparata unhtj ¢lie t he

m crocontrol | er further configured to regul ate power transfer to the set
of one or ﬁﬁpﬂaﬁﬁaﬂTf%8W§Hﬁ?ﬂ% or storing devices.6. The apparatus of claim
5, in which the set of one or nore power consum ng devices includes

resistors. 7., {RRcRRRAIRHWetvenGh@IAT bus hitl ¥hY 6NthkRRnSi8lor Phcl@NB R halRfie
power consunlng devi ces includes capacitors. 8. The apparatus of claim1,

i n which the settrapsistonpachris petrdirectnaeipedioghe A€ bisethegmetch covpledtorthe A st or
packs, each tr a%SI S OACRgad deV crf]:f %11% t{hg(iIra}lsolstgp ac t, aﬁlcﬁl t}? ﬁwﬁcﬁdgﬁgr%%ﬂe one

appar at us further conp arrange us
of the transistaes a]ﬁ?étﬁi(t&fe&blé‘dﬂlplehaé tl’élﬁtestor pack to the AC bus or the AC load device;

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

conversion when coupled to the DC bus and the AC load device.
9. An apparatus for interfacing an AC bus and DC bus, comprising:
a 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.

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:
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transi stor pack is not directly coupled to the AC bus, the swtch coupl ed
to the AC bus, an AC | oad device, and the transistor pack, in which the
switch i swoanfogoased to alternatively coupl e the transi romspaoloci’sst he AC
bus or the AC | oad 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 performDC to AC power conversion when coupled to the DC bus and the
AC | oad device. 9. An apparatus for interfacing an AC bus and DC bus,

conpri sing: aaswbndMmigneonsrollapemiptaddn shestrera nnwaSCRd; t o t he AC bus and
coupled to the DC bus; a set of one or nore SCRs coupled to the AC bus and
coupl ed to t he D%cg%ﬁé flrr{d argclogl rt lrpr%r qgt%nt I’Iereltet ro HF{L@%‘C{[ (grpee rsrentor of
one or nore tfandi’St'of s"ton ure%1? %e ur atEthe " CE rehe T T om1t roud% t he
set of one OrIﬂSGRﬁHﬁK@mﬁmQﬂﬁuﬁaﬂuhﬁmhﬁ@u&aﬂﬁythe current flow through the
set of one or nore SCRs. 10. The apparatus of claim9, in which the first

m crocontroller is configured to regglate current. through the set of one or

more S6Rs Dyera@gupaeich§laine.ve Mhagehsimicreopeoliids canfigurgtiogispalatt ereat
claim 10, i WaGntRSsde!of Bhe H}%%f&f@%fswré Eﬁd{ HE NS onk @9l AL S8 F%E&?%Rs

t hrough the set of” one or nore contro ing the gates o
12. The appabﬂmmmnphuqbaknﬂmﬁmthmmghéM:mmn@pnsongnmcsemmndsnwﬁmahapbwoﬂIer
coupled to.the o in which the first mcrocontroller

e
regul ates dRAdrdige Pﬁ}r%’ﬁd%“’ftﬁ’é‘ asfé”fgtP)‘?W%ﬁ%nt‘iﬁ’r more SCRs by signaling the

second m crocontroller. 13. The apparatus of claim9, in which the

m crogant rmhb%[pph@afé%ﬁ dIAE edint WhicB I 3t &F e R Hhork | Ws Tk OHSR 4 st 36t of
one or nore transistors and the set of one or more SCRs such t hat

subst ant i alppyfear:apaptswndfthmst efhersugthmprre SSBs have ariecend ol eoomwes sgpasityr s
when the pq h%afi totglhﬁ%\% ba&%cﬁy 1sV\fets hkhanathz: Islf‘:csotndpt%},\@ é)oév%g t%g?ac%tﬁaanJ]

V¥CI’
appar atus or Cl al mo

first totalwanee ffraqametrya@lads bétazesletelefanaraaem tiap i eschoRal, ayat, daseicand
total power capacity, where the first total power capacity is |less than the
second toté‘3%@ﬁk¥ﬂéﬁbﬁbﬁﬂ9mﬁand which the first power range is between
zero and a level that is selected, in part, based on

15. The apparatus of claim 9, further comprising:
a set of one or more power consuming devices; and

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

devices,

in which the first microcontroller is further configured to regulate power transfer to

the set of one or more power consuming devices.

16. The apparatus of claim 15, in which the set of one or more power consuming devices

includes resistors.

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

includes capacitors.

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

bus, comprising:
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the first total power capacity. 15. The apparatus of claim9, further
conprising: a set of one or nore power consum ng devices; and a switch
coupl ed twothw/dB&@sbus and to the set of one or nore powWeCTASRAEAUIHITYE
devices, in which the first mcrocontroller is further configured to

regul ate power transfer to the set of one or nore power consum ng devices.
16. The apparatus of claim 15, in which the set of one or nore power
consum ng devices includes resistors. 17. The apparatus of claim15, in
whi ch t he setcaiplioge selrofrme ®r powe fragosisis hanig g devisclesl pawkiucescigatodabsé Bér s.
18. A met hod forb i %{?f gcb an AC bus coupled to a set of one or nore
generators with & Lf? onprising:coupling a set of one or nore

transi stors having a first total power capacity to the AC bus and to the DC

bus; coupl i ngecupsiag adbt OMeneOsr MBIeeS(FCRBaiaY h Rgbond 36@DPPElvérataicifgastlic AC
capacity to the AC bus and to the DC bus; and regulating current flow
t hrough the set byf aphe tBe Dpbus: edhnsi stors and the set of one or nore SCRs
such that substantially all power flows through the set of one or nore

transistors V\{%%ﬂla{iﬁ%alﬂg I OLV%g)ug,fl &t Bfo rhérevéfl'alhpis@rsaarfcdi thS bet %@6?% or

range. 19. The net aiml in which the regulating current

step incl udes r egut 8RsguviottaagéstantidlhealDEoweastlovOthrdigh thetdtof ooé ocinaren 18,
further conprising:. coupling, throu switch, the DC bus to a set of one
or e power coRguNPRG B Bt Bbrigodeel BEUIC Pt MG IELPrERt Srow +hr ough
the set of one or nore power consum ng or storing devices when the power

| oad gb. t hahPméHsd b cRRAVIB, dn SeE@Nehel BY@hting? durrddd FRIIPSeAtinGudQrre AMatigy DC
and DC to AC power conversion, conprising:
voltage on the DC bus.

20. 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.
21. An apparatus for AC to DC and DC to AC power conversion, comprising:

a set of one or more transistor packs, each transistor pack configured to operate as a

separate unit coupled to an AC bus and a DC bus

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

to alternatively couple the transistor pack to the AC bus or the AC load device;

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.
22. The apparatus of claim 21 further comprising:
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a set of one or nore transistor packs, each transistor pack configured to
operate as a separate unit coupled to an AC bus and a DC bus a switch

ar ranged wetzemaicsshe AC bus and one of the transistor pachkassaohei’sat t he
transi stor pack is not directly coupled to the AC bus, the switch coupl ed
to the AC bus, an AC | oad device, and the transistor pack, in which the
swtch is configured to alternatively couple the transistor pack to the AC
bus or the AC | oad device; in which the transistor pack is configured to
per f orm AC t oa B&ondwavitchonveaged datwelee rthe duplbes ahd at fesorCobe of dhd ttnhastDC bus

and to performDC_to r conversi.on when coupled to th b and the
AC | oad devi ce. B33 A BB S5 srE0RY BTt RS FPLRREY ' QurF 1 eitighS €fcond
swi tch arranged thetwrancdupeedio BEA@BMs, ansLRCABSH 888cfand iR §dcBA® LishstoPacks
such that the second transistor pack is not directly coupled to the AC bus,
the switch couplpegk.t i@ thichathepawitclyris gonfigaigd dev pléanataely chepls elbengcond
transi stor pack,, .l i it i i,aured to alternatively couple
t he second trané?g gﬁ@ %%ﬁgp%?$§gm§grgﬁgﬁggﬁghevﬁg | oad device; in which
the second transistor pack is configured to perform AC to DC power
conver si on whanwbahpthedsecond manAtiobpacland congupéd holpesfocnt ACper DEF pobes t o
AC pover conver g, on B nes EBlTc ktné RE B BEhBE %A% Rt S Re

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