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"-:-. (57) Abstract: A method and apparatus for transferring an AC machine between non volts per hertz drive and a power supply such

as supply mains, or a generator. In a transfer procedure, the motor drive is placed in a quasi-voltage mode prior to transfer to permit
the output of the motor drive to be synchronized to the output of the power supply. In capture procedure, the output of the drive is
preconditioned based on detected states of the AC machine to synchronize the voltage at the terminals of the AC machine with the
. a output of the drive. During the capture procedure, opening of a contactor is detected by comparing the frequency and/or voltage at
the terminals of the AC machine with that of the power supply.




AC MACHI NE BETWEEN A DRI VE AND A POAER SUPPLY BACKGRAABPEROGA3E | NVENTI ON
PCT/ US00/ 32968 The invention relates to controlling transfer of an AC
nmachi ne between power froma power supply and power fropg bk €
frequend¥O8FM?E  Nore specifically, the invention is a rret and

~apparatus for transzmmA@PmF@ﬁwmmfroma power suppl y
and power from a dr|ve e S r. hertz control schene.
I'n many applications, Fﬁécmﬁ@@%gﬁﬁﬁ%ﬁﬁ&m machi ne recei vi ng
power a power supply, such as sOPWWERSBRIPREY to receive power froma

vari able frequency notor drive, or vice versa. The phrase "power supply",
as used herein, refers to any source of AC electric power such as supply
mai ns, a BACGKGROUNIROFIMEIINVENTIONt abl e power supply, or the like. The
phrase "AC machi ne", as used herein, refers to any AC rot ating machi ne,

such as AC synfﬁmv%flgaategt%coé&?ﬂlﬁ HERAE an TR PhctindBAGER Ry 1Y A0S

or thellke For exan'E) Ine static s
f r equencyITHBEROWE SRP X@dM%HﬁPW%Y%@C&C%ﬂGY@@ Moty specificallys i ng a

gener at or the pnvietion el thetbdisdndiappdigtus BRenbrrinkan WU fACKIRELERE& at or can

var' aol o B dREAb ﬁ%ﬂa@‘gﬁ%@%aEwed@e@qean%teﬁﬁmﬁsv' fhgist o spood

wi t h5a nogastrobischemeand subsequently switch the motor to supply mains for
sust ai ned operation at a constant high speed. Also, in the event of failure

of the notor Idrmat@,applticamsnsdﬁ%d@&hﬁe&&uﬁsﬁ?%ﬁc Gt Niyihg the supply
mai ns to conti nue ten desirable to switch

a notor fHY% &ﬁ%@ﬁﬁ'ﬁﬁ?ﬁ@h@%%%@g%t8¥eceﬂ'f3|99‘é(erf Pm A VaRRlg t he ot or down
or ot her virsgencyrpotagdivecosyierersr Themphrme Bfovwdrauppiyt, as useShiteir)i ng of an AC

machi ne fréﬁﬂt%aﬁg'sﬂlﬁcééfﬁc@@é‘\?if:]p%%%t%h'ﬁs%f& al n@ﬁg”yansf er” herein

and_sw t chi.n I ne froma_powe ve is referred

to M a '"f"%ﬂﬁﬁa(P‘@?rﬁupp% opgtheddksy dde ph@smﬁ W?éh@ﬁeé&luﬁﬁéﬁie&naw th
fr equencyrefefs tbhey iA(brotatiag grmalund,rsuuh S0A Clshechidrions motdeyyeMBreludidiRei Nduct i ve

react ancg, r frequencies, resulting in excess
1 t%éE&lcw&Q dfygﬁxﬂ?éofaﬁl Q .

current age 'S constant. Therefore, conventional V/F

("volts per frl:e(l;uencr}i ! Its per hertz") drive control, uti]izes a
fixed ratio or example, in gas 1ne static starters, a variable frequency motor drive is

used in place of a diesel engine to bring a generator up to a self-sustaining speed at

15 which the generator can subsequently be switched to supply mains. In other ,
applications, such as variable speed fans and pumps, it is desirable to achieve variable
speed with a motor drive and subsequently switch the motor to supply mains for
sustained operation at a constant high speed. Also, in the event of failure of the motor

- drive, it is desirable to transfer the motor to the supply mains to continue operation.

20 Similarly, it is often desirable to switch a motor from supply mains back to a motor
drive for slowing the motor down or otherwise varying the speed or torque of the
motor. Switching of an AC machine from a drive to a power supply is referred to as
“transfer” herein and switching of an AC machine from a power supply to a drive is
referred to as a “capture” herein.

25 Of course, AC machine speed varies with frequency of the input signal driving
the motor. However, the inductive reactance of the motor drops at low frequencies,
resulting in excess current in the motor if voltage is constant. Therefore, conventional
V/F (“volts per frequency” or “volts per hertz”) drive control, utilizes a fixed ratio
between the drive voltage and frequency and the frequency is controlled under this -
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bet ween the drive voltage and frequency and the frequthépriZ0W®ontrol | ed
under this -1 14 April 2005 assunption, up to a nom nal operating
frequency, to control the speed of a nDtor driven by the drive output. In

V/IF control drives, it is elajviﬁvg Ieto gnchro |zethefrequency
of the dFFWEPLR PR apmina P toa‘E’E‘Hﬂlptf‘ speed t° A and capture.
However drMeEb ey drole duqmnﬁrwm@ﬂtrdﬂrdrﬂeﬁ 4r  rélmdvelysisple® 1 nher ent

.stabilit For ex , Ssince e freque C ol l ed, the
machi ne &@aang eI eI G BEe P & P e TEPGT P SRR tepand! me. on
tEe |oad_ranaﬂaﬁlaﬁmc@uﬁet}mvr@maffflcan@@ltis dpérﬁl@bpmmmahaﬂﬁmmhsb to f<rj equlencydof
t he i nput, curr ex sli requenc een devel ope

to over ¢BhEe tﬁfag’ﬂﬁ?’%%%g%‘s' isPE) < s%qeﬁ}%ﬁrqqugwwﬁ@wq}% A88 conpl exi ty of
slip freﬁmﬁﬁfé)spée@ﬁillicﬁlcontwiﬁd d@é&l&ddacmlpwm§e?xaﬁah§byﬂﬁw ol the field
produmgg glﬂd t he tor(&] rodf gqﬁﬁ@ﬁ Bts é@ ut CLgrrent and
thus i nSbdARUsTRYGESHES aBH R P ECIRERFLOLHS BRIECIES e ont 1 ol

dL i veﬁ Eonsplecsip Ekqu@icsaﬁ@fjnmsw% B%ﬁﬁei/dlcﬁpeﬂad d)\fblﬁﬁ)f n@fthivpfoblaant ro:c d 2: i ves.
The phrgse "vectoy,.contro as _use rein, refers ny type of A

machi neﬁ%ﬁfﬁ’é“& ftjogyio thy afidedomp XHYBF?’IE’ QUFTH o SYEI‘%’F‘E%I d orientation
C(ﬁnt r ol ,doadsbt séba[’@él%{ lo@rmroqme ﬁ@lﬂlﬂirdidﬁcmghﬂgmtnqtle produding ccdﬁpon«aﬁts torque in
the notor..is. contro ect indire cor y, vector

om0l SehinBSiRe! 1 o bt s ral GO AR Y e %o a bC
machi ne. Vector control algorithnms are well known and vector control
drives are uS‘M&eﬁoﬂc&x&bl”@hﬁeﬂﬁvﬂheémidWelopasdttboberapﬁd: lefitions sf V/B—bvvever si nce

vector contr ntly. es. not..provi erenc vol e,
111 curconey S ARG SRs RS ol e ey SRS ARG AS i th that o
suppl y nmmachie t@gae ddatrsl suth assfiedd Hhientation, Hacuralfieldorizntatibn centiot, andf er or
capture procedures | hav, ect or control. driv BRI EF SUMVARY
T sk okl B G BeR HP, b FORE s KRR For owitohi ng
an AC melifttiveor ihditesthe M qeosdiigly, vestorecoptvleillows p:plm maddireasbe from a drive,
t he rrethod risin th t of co I|n ut of drive to an AC
nmachi ne,*® (ﬁféﬁp ﬁlg’lﬁgo aﬁﬁ@l’ﬁ‘%@ %8 %@F%ﬂ?&'ﬂpaf%‘g brive utilizing
a contr (klnoWﬁ @ﬁ@dwtce coiittod dritvdsaire wed @i wtasmpsaDC haehing comtrd] epplicpiicnsedur e;

vol t age out put

sanpling,electrica equency of . .the AC nac reez

by T he. QIS G Yoreh ST TP B PO Ve TR ENe el fency out put
difficult to synchronize the output of a vector control drive with that of supply mains
and thus it is difficult to implement line transfer or capture procedures in systems

‘having vector control drives.
BRIEF SUMMARY OF THE INVENTION

A first aspect of the invention is a method for switching an AC machine
between power from a power supply and power from a drive, the method comprising
the steps of: coupling the output of a drive to an AC machine, controlling the AC
machine with the output of the drive utilizing a control procedure other than a volts per
hertz control procedure; sampling electrical frequency of the AC machine; freezing
voltage output by the drive at a transfer voltage value; freezing the frequency output
by the drive at a transfer frequency value; controlling the output of the drive in
accordance with a quasi-voltage mode using the transfer frequency value and the
transfer voltage value as a reference; synchronizing the output of the drive and the
output of a power supply after said controlling step; coupling the power supply to the




by the drive at a transfer frequency val ue; controllikyApRE2®It put of the
drive in accordance with a quasi-voltage node using the transfer frequency
val ue and the transfer voltage val ue as a reference; synchronizing the

output of the drive and the . output o ower s after_said

cont r ol 14hgachigpafter seigs qnﬁénaa% gﬁ*&?%ﬁ%ﬁ%ﬂ%ﬁw 2005 AC
machi ne {gf AermsAind. synchroni zi ng step and renovi ng the out put of the drive
from the AC machine. A second aspect of t he invention is a nmethod for

switching an AC machin tvvee ower and power from a
drive, the ASAREBRE |°§B‘ﬁénvep lgflélbegloéi 85% 2&0@?%5? of Ioa power
suppl y thetvesen pGwamindr apower sipplyand p@wﬁ(ﬁ:omdhvméle\metthodtdmmpuamgut of the

th th
G ve gt GESSBPR U A Aol aibpf o AC ARG anfBAINAS NN 0% e

Eout put

ower su
AC nechimeshingavithdhe pgpe ok ﬂmnowrgtmimo‘eﬁmgweomu W@wﬁree‘g ndi ti oni ng
- the out Hﬁachia{e&lhﬁtheﬁhvslﬂﬁle@rsfa&sa@mp&fgmasutﬁwa{e@weﬁ suppRs detected in

said detectin ste contr ol put . of 'the drive based on said
o1 econd Har e i pepta e Aot o b AUty BHoRStighiRg ) par at us. 1 or
SW t chi rtgeaitpuﬁﬁftne@hwa&) cobekperdrto ﬂm/weraftrngmtaaespmwmedsmpmﬂy and power froma

rachi ne. CHEHRE ey R R R e SENELEI AR R BalE' 07 170, Ve

utilizimgpa control procedure other than a volts per hertz control
procedure; nmeans for freezing voltage output by the drive at a transfer

vol tage val UeAﬂHi‘ﬁ%%cf&Fthéﬁﬁ@rﬁoﬁ@séﬂ'@ phaRE FEREMCIAHS MVACENachlie drive at a
frequency val ue; ans for cantr erg t he out ut of the drive in

accor darfeEVeRnPAWE EA POV e BB an @‘T’PF% Y SORRRISINE: WG ¥ncy val ue
and the fbf@iil§ myahtpﬁtgﬂ’a\dakrelﬁ)@sa(an{aeiﬁlﬁéemﬁsformrmﬂufgaheggznchrom zing the

t put of f f |
the. povdf® cilav%aw@nﬁ%mﬁwﬂ oRfE% g Pzt SRSl R Re b on: o1 g has
synchr ortierte doritivd proa¢due; nmhnstﬂoeﬁchmnwohmgb dd@tbmﬂp@nvgatamsmv\er suppl y;

d hi ft
o o ARy LR W&fﬁe@zﬁ%&)}%ﬁ ofendy BBt o) fie LM & e A e A
fourth a@b@tme@'fs f@m@mr h@gmﬂlp@ntpmsofahp dpsan a@cggiaﬂ%ﬂww ﬁ‘éﬁﬁi' Ydtag® AC nmchi ne

bet ween RQYETin s RPIEJucAPRINE A0 thARMEfer fd1QER Pl ds\eGefRMBE Si ng means

for
means for synchronizing the output of the drive and the output of a power supply;

means for coupling the power supply to the AC machine after said means for
‘synchronizing has synchronized the output of the drive and the output of the power
supply; and means for removing the output of the drive from the AC machine after
said means for coupling has coupled the power supply to the AC machine.

A fourth aspect of the invention is an apparatus for switching an AC machine
- between power from a power supply and power from a drive comprising means for

coupling an output of a power supply to an AC machine to drive the AC machine with
the output of the power supply; means for coupling an output of a drive to the AC
machine with the drive in an idle state; means for uncoupling the output of the power
supply from the AC machine; means for detecting operating states of the AC machine;
means for preconditioning the output of the drive to correspond to the operating states
detected by said means for detecting; and means for controfling the output of the drive

‘based on an output of said means for preconditioning.

A fifth aspect of the invention is a method for detecting opening of a switch
mechanism in a drive systems having a power supply coupled to a drive to provide
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coupling an output of a power supply to an AC machi nel48pdk2G08 t he AC
machine with the output of the power supply; means for coupling an out put
of a drive to the AC machine with the drive in an idle state; neans for

uncoupl i ng the, output of the power, supply fromthe AC nmachjne; means for
det ect | riﬁ’wﬁb@rﬂ&?grh‘@%ﬁﬁf%“ ffn%@nm%@?%ﬂéeou%ﬁ%h &ndi ti oni ng

t_h? out %c&ﬁs@ﬂ%ﬁ@éﬁéﬁisﬁ&oﬁﬁ[@ﬂﬁﬁtﬁ@ﬁﬁkv&%uﬁﬂlﬁ aﬁ@&?ﬁia&lﬁﬂe&h@leﬁ?eo detected by
said neaps_for detecting; a nmeans f.or coptrolli n% t he out put of the drive

based oribafishivtifshineghanisn and e preopdivishaecshrnis Rl AGOMQUET f th aspect of the
ijnve nti Qﬁbfliaﬁvcl% B&iphado fRMirsvaeh hﬁ&aﬁﬁmrtinﬂ%e{%%o@dgwﬁtbﬁﬁccmhﬁhgs m i3n 12
rive systens_ having a power_ supply, coupled to. a drive to provide -

Apri | zdesorg%@rtﬁ? Bt st mephanih i G skoqp %W%E??éﬁ?%t%oum ed to an

out put  seREIRIY @lpltlt: AC maRhine & the GEINY abdvhk ehtpiBebash TRl ed to the
power su,l%ply, n AC machi ne cgu led t the first s t%&ham sm and the
second s\ieteshadsoRRHseS e Sieng oF detsrien FquueBﬁéq'téWIWﬁ%P ed to the first
SW t ch NRRMe £ pdhdtatinpe: ss@RPMdicaMal tEsddbied Wiich MechMitPRloped to the first
swi tch nechani smand, t he second switch nmechanismto selectively couple the

AC machit#eedioy thesten plidefectngthe TeMENet put section of the drive. The method

conprises the steps of. detecting the frequency at termnals of the AC
nmachi ne; and AQsir@raghdcher the Bivetiah comphigahiswiicifiesyseaabswivdhirpfenmechani smi s

-open based on the step of .detecting the frequency. A sixth aspect of the
Pvent | GhC Bpis ey TRt Efmposst fukl ek bEUF: H G SSRsRRER ne bet ween
power frc@ﬂi?aﬂsiﬁgl owetifiPphbly; & ddvaieniig anfodtpubsedtidnvahd ahgpus ytiemsaidonpri si ng: a

power su \Aai.ive h ing. n outBu section .and .an. i nput ction, said

i nput s ; h mechani sm

b iR SRR Ao Poner SRR I ey mechapispouplggl

) -a

i Sietign
coupl ed shid oufpat sbcidii; BYécofi€ SWitdhhedhatisit @oGplédotsaild powehRppisMcAdpl ed to said
power su Efﬁg an_AC rrﬁ hi ne. ougclaled. to ﬁai.& fi rqs)t f i tch mechani sm and
sai d sedFHNEsPYRle thsaif it syjtch mpchanisto and saifl peepndSyRichmeEipYSly | hi ed to sai d
;i rst swhd ﬁﬁoﬁmﬁlﬁmﬂeﬁaﬂﬂvaydoqa@diosaacﬁm switill mﬁ&m@dm&s@n@ort rol tlo sai d

irst swtc chani sm and, said.secand swtc mechani smto selectively
coupl e tsﬁ’étd}l\@g‘éﬁ?ﬁmg C?@I‘ggﬂ WW?&W%W@%@SMt@m ion of the
dri \é_e, aﬁécﬁﬁﬁgmdsélelcﬁmﬂa&iuﬁﬂ tﬂ@ﬁ@ﬁéﬁ\%ﬁ&@saﬁ‘ﬁﬁﬁ‘f@mﬁmm edutpiﬁtht he AC
machi ne w t e out put, o e drive en the rst C chanismis
O osed andon ot h (St g Sl b S R waplhe Sherd PR cont r o
pr oc edungachind &ithithedutsut bOthe Irive when the first switch mechanism is closed and

said second switch mechanism is open utilizing a control procedure other than a volts

per hertz control procedure, to freeze the voltage output by said drive at a transfer
voltage value, and to freeze the output by the drive of a transfer frequency value based,
said controller also being operative to control the output of said drive in accordance
with a quasi-voltage using the transfer voltage value and the transfer frequency value
as a reference to facilitate synchronizing the output of said drive and the output of said
power supply, to close the second switch mechanism to couple said power supply to
said AC machine after the output of said drive and the output of said power supply
have been synchronized, and to subsequently remove the output of said drive from
said AC machine.

A seventh aspect of the invention is a switching system for switching an AC

machine between power from a power supply and power from a drive, the system




per hertz control procedure, to freeze the vol tage outp&Pribi0®aid drive at
a transfer voltage value, and to freeze the output by the drive of a
transfer frequency val ue based said controller also bei ng operative to

control the output of sa i.n ac uasi - vol t age using
t he tranSEFS081 1 RGE™ 4P e %‘@nﬁ?‘a‘?’rg?"gfec‘ﬁ% P\‘;g S&‘gi a reference
~to faci |mplatsemyroelhgoampmdngsmbpoweﬂsupplycﬂﬁ@m“dtcﬁmwﬁarﬁ@dcd gdasit put of said

power ose th ond .sw tch nismto couple id power
suppl y tsgl% %‘EHES%EOW@H gsgf &é cetiants B‘Ejg&g’f oa’ea?qn?gp%&%tahe out put of
sai d powaschinegplpled foauid ﬂrstemtslymbl{amsnzesiﬂ sallwdcdr@l sswitoh efpulsiismy, renove the
out put of sal i fro Chl A sevent pect .of the
|nventl5Wda§nﬁ(g&f?%%gﬁﬁy§§@@8ﬁ¥ qﬁ?ﬁﬁdgﬁm qﬁ%@ﬁ?ﬁ@dbetmeen power
froma podeh nsedmnisyn @rdngpelwe said ﬁmtrsvaltaﬁrmachamiﬂaan&saﬁ eoorkbswitehi | 2005
conprising: a power supply, a drive having an output section and an i nput
section, said input section being coupled to said power supply; a first
switch nechanlsn1coupled to said output section; a second switch nechani sm
coupl ed to said power supply; an AC nmachine coupled to said first switch
mechani sm and said second switch nmechanism and a controller operatively
coupled to said first switch nechanism and said second swtch nmechanismto
control to said first switch mechani sm and said second switch 14 April 2005
WO 01/ 41292 PCT/ US00/ 32968 nechanismto sel ectively couple said AC machine
to said power supply and said output section of said drive, said
controller being operative to close said second swtch nechanismto couple
an out put of said power supply to the AC machine to drive said AC nachine
with the output of said power supply and close said first switch 5

mechani smto couple an output of said drive to said AC nachine with said
drive in an idle state, said controller also being operative to open said
second switch nechanism to uncouple the output of said power supply from
said AC machine, to detect operating states of said AC nachine, to
precondition the output of said drive to correspond to the detected

" operating states and to control the output of said drive 10 based on the
precondi tioni ng. BRI EF DESCRI PTI ON OF THE DRAW NGS
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The invention is described herein through a preferredl®Apsb?Mnt and the
drawing in which: Fig. 1 is a block diagramof a switching systemin
‘accordance with a preferred enbodinent; 15 Fig. 2 is a 00P3204¥01 OF
speed VRO e in a transfer procedure; Fig. 3 is a flowcﬁart of a

transf er ndcRsfEh icseldetidely dotple shid AGRaBin O EAH p@%ﬁﬂlpﬁﬁrfaﬁﬂ%ai : e ﬂuri ng ; a
IS a owcnar (0] a

capture procedur.e of the. preferre nmbodi ment; Fig. 5,

capture P Pﬁ%lgfﬁﬁ{'%n %t?saﬁ}%w& s@f%ﬂ”@"ﬂﬂ%ﬁﬁﬁ@i GRSFLVe 10 g"f—"’l sgid sgeqnd syitgh ook

di agr am @fechamism tagcaplesdwutpud bf saitbpver sappip t theiddtimaetine toldrige séidi s a bl ock
di agram i ; | odi nent; and Fig.
8is al %I(IJ %ﬁgiug??iﬁﬂgfdﬁm szém%g%?gﬂépéﬁ.gﬁ%@ég ﬁ%ﬁé&%ﬁf&ﬁg of the utility
contoact o/IeGRANITR g coup W@H%ﬁﬁ&&?%.toﬁdmw exfl fIVON aF  THE

| NVENTI ObdiEsigte, said tdntrslleradl secheirovaperdtiva tsden saSeesnd bitchnRéleissance with a

referre ' : l.hGl udes I I N ,. a source of
ltohr ee phg%‘é‘?%ﬁg?ﬁ%?é?%‘g%%%&ﬂ@lf"r‘%%%%‘fdjggi%%“nh?‘i‘fs %ad]éé&t or gont roll ed
vari abl eoperatingyiatss ofsaidrA G macking. e precenditionnthe iohtpROOfsaidGirye/td 1292

PCT/ USO0ar2&@pSndialthd detcctstl sietling Satek 3£d 10 dodtrath@ ot SHthiaQrvRChani sm ,
or 18 g | so~ serving as a sw tching nmechanism, and notor

utilloi ty §orét ac

20.10 ¢t~ Bivep &1 Bepregon OBiY8r ati on of contactors 18 and 16 can be
controlled to selectively couple notor 20 to supply mains 12, to notor
drive 14BRIEF DESERIRTIONRE GHE BRAWINGSoper ati vel y coupled to contactors 5
16 and 18 to control the state of contactors 16 and 18 in a desired manner.
Control | er Z?hﬁﬁﬁemlﬁisn&&émdqmﬁﬁ%ohgﬁ lprefRyied eritodiiehiiRd thet @ desired
manner, gk rﬂ\%r‘%d analog logic circuit, or any other mechani smfor
control I 'ng nt a}%‘f ors 16 and 18 in the manner descri bed bel ow. Mt or
drive 14 includes drive controller 30 having a nenory including 10

i nstructions Figrl i ae¢lodiagram of sl sviichisgisystemfin aceosimeowith agrefamed or que of
mot or  20erBodiment;

15 . Fig. 2 is a graph of motor speed versus time in a transfer procedure;
Fig. 3 is a flowchart of a transfer procedure;

Fig. 4 is a graph of motor speed versus time during a capture procedure of the
preferred embodiment;

Fig. 5 is a flowchart of a capture procedure of the preferred embodiment;
20 Fig. 6 is a block diagram of a capture module of the preferred embodiment;

Fig. 7 is a block diagram of the capture control logic of the preferred
embodiment; and

Fig, 8 is a logic diagram of the procedure for detecting opening of the utility
contactor of the preferred embodiment.

25 DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 illustrates power transfer system 10 in accordance with a preferred
embodiment. System 10 includes supply mains 12, a source of three phase AC power
at frequency £, motor drive 14, a vector controlled variable frequency AC drive, drive




accordance with known vector control techniques. Cont FoPAPEF 28 al so
I ncl udes quasi - vol tage nodul e 34 which includes an al gorithm for

cont rol or 20 in a voltage follower nmanner. Quasi- dule 34
S descH"gg’dﬂg a separate el enent her ei n for clarity, &’g %&%ﬁ tituted
of |nstrlmttjmrtﬁmﬁbmvildi(@ﬁvmlg%s%@ﬁitclﬂ ri bed bel ow
and need { Esp lﬁ%éﬁ ar a# ﬂ% e or SO i’l\%u‘ai1tyll\;gtfrlm:goerdﬂgle °20 al so

i ncl udes out p% SEctron |2ng ¥ren bs seeb that eperatipnogl

cont r ol | fontgtofsHl8 @@n’&%ﬂlhqgoawlbdttcpsﬁlemwgga:buﬁlermdidszi20th;u PEly Maid0 i N a

Kk 4 o kad |
(PLLy 52 g Soneiikadan o R oL ARINE TSl il pdect. Pon oo

havi ng I |]$16Sangsll§ t?ﬁ"“@@ﬁﬁ%ﬁ“?@ cosgactors) 16 and: b iy d¢sized B@nmre GonfroBerr at ed as
separ at e 43 eare bt sa fmicroptaaessby basddwdardte, pRYREarGBBd rifl 4 Q]@Slréaaﬁwggeru ed to

fimen ?%i“?%&ﬁ%ﬁfé?”@%“a?%d‘“? P a0y bller tlipRpP S AnBiteemadha 6 o 3 i a

f | owchar 22 l“h@‘eﬁaéﬁgff@ﬁ"fﬁ}eééélﬂﬂ’re of the preferred embodi nent. Wth
contactor 18 open and contactor 16 closed to allow 25 notor 20 to be

;:? Q;Urs ?lalr eg%%%a drinepitélturmﬁd:gmhaé cﬁhﬂo‘vigrl ?Ogi?a ; ﬁngﬂo{}, m@mdﬁl&grrteo'rrl 20aI .

ranped up to spé‘% ‘%%%?mﬁ%t? 3%% gﬁ{&)r °Wé¥“%@8€%ﬂ““c%‘ﬁ??&9r P drive

cont r ol | @FCOB¥ANCE W knm yectorronireldethaues. cGehtraliens @alsp iethdss qiasi-i ne T2

Shor t |y whkageahddate, 3‘3\51111‘%![1 Efﬁ:iu'g%? a Qpbritalnl f6F céa@rollﬁ@' 5! 861l 4 %gg(r)ng' g

sync ron ud 0 |n a swtc e made
to the ql'tjélgnl\a&? e ntv‘r%gtf‘lger'rIB‘a%u1 %lsﬁt@%@?ﬁgés # 8FDAFE ¢ F@é’i‘trhﬁl‘elfsynchr oni ze

conmand, for r?laglf%ﬁ be eanstitando idstrectines pyoviding drephedi-usliagg centicit | Ng

el et r oninpde Héhanﬁ'KHloW@ﬁWﬁéeﬁ%’bt ﬂiéluaggeptaﬂ?e ﬁ’a?é&v'%gl%ngo@gw{rr CPRECY at the

output o . qast val ue

roz
prior t Odgy%%cﬁql%ﬁnﬁlgﬁ?soqptptglseqqo %&Vmg Awiehipg bridgeg eentradledy 30 switches to
t he quasrontwllenifbfor gererasing rm deatputsigial ﬁﬁr@hwg MbtoflP@Al a kipwhfindifict! 2005 WO
01/ 41292 t. vo e and .
frequencda%]y' %?lg%ég%@glgg I?Ll)ﬁ?ggﬁx Egﬂ g cgﬁ‘gloloﬁzﬁrgfj %ﬁﬁéel &fn
quasi - ?4 1054 4@ alsinclydes inpgt sectien ¢fhbayvingding Bidgi.t Qoteolier 22 antl t age, of

out2put sccgmu& sforaverimsnmadys sépaxﬁ& eie%leﬁmomaﬁfy - Honker @b guidBbehied. 1. e.
synchronizeagl. . écf‘toaacﬁlﬁ fb thstep G ‘while notor drivé 14 is in
on

t he quasi-voltage C

)=

Fig. 2is a graph of motor speed versus time in the transfer procedure of the
preferred embodiment and Fig. 3 is a flowchart of the transfer procedure of the
preferred embodiment. With contactor 18 open and contactor 16 closed to allow

.25 motor 20 to be controlled by the output of motor drive 14, in step A, attime T1, a
transfer cormmand is generated by controller 22. In step B, motor 20 is ramped up to
speed by motor drive 14, under vector control of drive controller 30, until motor 20
reaches steady state speed S at time T2. Shortly thereafter, at time T3, controller 30
‘generates an internal synchronize command in step C to indicate that a switch should
30 be made to the quasi-voltage control mode. In response to the internal synchronize
‘command, in step D, the motor frequency is sampled using existing electronics in
power converter 14 and the voltage and frequency at the output of motor drive 14 are
frozen, i.e. maintained at the last value prior to synchronization, at time T4. In step E,
controller 30 switches to the quasi-voltage control mode under control of quasi-
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cont r ol | groveped byhsapplyimaigpbhi ng of utility contactor 18 is detected at
time T3 in step D. For exanple, the counter enf of nmotor 20 can be used to

det ¢ft dopeni NFigf4 is apraphtofinold spéedRBusBhR MRrifg 8 PRk ﬂrﬂce‘éﬁ%ﬁnﬁ bel ow can
be, U520, syt b6 Ul B RibOH s R Sl e 14 12
to provi depareprgerdure; mothri20ds switched fro@ beltpt pawerd byesupylyimsainol B ool | ed i n
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control | SHTEY ValES Bisdeskdhligipdiaxs the Qytnut voliaga ohmotn doive ddelopelr0. Fig. 6
i 126t r atmegclcthpmote tenmdndleoBfpeafuriog naptare] & th3Qrofbiraderitidinieles 35
| ST U0 sl oA R dab Rl ntRSt HE I hrerdftichOF béiBR peidy P OCdUr &
- energized, i.e. generating an output signal. In step A, at time T1, a capture command
is generated by controller 22 and drive contactor 16 is closed while motor drive 14 is
in the idle mode, i.e. is not generating an output signal to motor 20. In step B, motor
- 25 drive 14 begins to be preconditioned as described below. At time T2 in step C, utility
- contactor 18 is opened by controller 22. The full opening of utility contactor 18 is
detected at time T3 in step D. For example, the counter emf of motor 20 can be used
to detect opening of contactor 18 or the method described in detail below can be used.
At time T4, in step E, output section 64 of motor drive 14 is fired, i.e. switching
30 bridges of output section 64 are gated in a manner to provide a signal to drive motor
20. Motor drive 14 is controlled in accordance with various motor states, as described
. in detail below, to smoothly capture motor 20. A time TS5, in step F, motor drive 14 is
- controlled to take over torque and speed regulation of motor 20.

Fig. 6 illustrates capture module 36 of controller 30 which includes
35 instructions for preconditioning and accomplishing the capture procedure. In
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bus corrpe&mI Qﬁiér}gngéh?d% %-Hl %fqp % f(l)r J%‘ﬂﬁ al%"?’ﬂ?ﬁo le 60 is

i nput i nt ‘@@W%Fﬁ@@%%f@ ngﬁqﬂaﬁou&ul at i on nodul e 62 along with
the angle signal to 25 generate gating signals in accordance with the
combdnd vol t ages anb) Vhe aeRilbe andhe gating signals are sent to swtching
bri dges of output section 64 to gate the switching bridges to generate a
pul se wi dt h nodul at dv lij]@{)ﬁlq]%l)drl ving notor 20. The pulse wdth
nodul at ed si gnal |s a varia requency pul sed voltage signal that induces
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we is the electrical frequency;
R1 is the motor stator winding resistance; and
20 L1 is the magnetization inductance of the motor.

Controller 30 is then preconditioned using Vx, Vy and the flux angle. As
illustrated in Fig. 7, Vx and Vy are input into voltage regulation and DC bus
compensation module 60 of controller 30. An output of module 60 is input into
vector rotate and pulse width modulation module 62 along with the angle signal to

25 generate gating signals in accordance with the command voltages and the angle. The
gating signals are sent to switching bridges of output section 64 to gate the switching
bridges to generate a pulse width modulated signal for driving motor 20. The pulse
width modulated signal is a variable frequency pulsed voltage signal that induces a
sinusoidal current in stator windings of motor 20 to control the torque and speed of

30 motor 20 in 2 known manner.
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t he frequimchLBiSd. magnitude, i.e. voltage, of line PLL 70 and notor fl ux
PLL 52 are matched. However, when utility contactor 18 opens, the frequency
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and | i ne Fandzgotof Bux Bl 4R eah b uskd to dateti epening ofxdntabtoesiol d Tl by
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contactor _open signal 1s generated. y t r?e can be 1 ncorporated into
t he | ogi GOﬂ%fﬁ%ﬂt‘F enening-ofzgntactpiyl 8. Inspdiacast of hvo Horand clsan he satitd be y _

cont act or,¥81). The val ue of Tl can be determined by nonitoring operating
condi tions of  nmotor 20. Wen notor 20 has a relatively large inertial |oad

t hereon, notor 20 wll . _ .
As 1llustrated in Fig. 8, the output frequency w1 of motor flux PLL 52 is

subtracted from the output frequency w2 of line PLL 70 at summing junction 80. The

20 output of summing junction 80 is then filtered by filter 82 to eliminate noise and the
output of the filter 82, i.e. the difference between the respective frequencies output by
motor flux PLL 52 and line PLL 70, is compared with a predetermined threshold T1
by comparator 84. If the frequency difference is greater than T1, a utility contactor
open signal is generated. A delay time can be incorporated into the logic to allow for

25 a full stroke of the contacts in utility contactor 18. The value of T1 can be determined
by monitoring operating conditions of motor 20.

When motor 20 has a relatively large inertial load thereon, motor 20 will
continue to spin at substantially the same speed after opening of contactor 18. In such
a case, the procedure above will be ineffective because the drift in motor flux PLL 52

30 after opening of utility contactor 18 will be very slow. However, voltage V1 output

by motor PLL 52 will collapse at a rate that is independent of the inertial load.
Accordingly, the voltage V1 output by motor flux PLL 52 is subtracted from the
voltage V2 output by line PLL 70, at summing junction 86 and the result is compared
with threshold T2 by comparator 88. If the result is greater that T2, the utility
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t hr eshol dugst cases.dberfequeney codgparisdn isaenycbdster indicajore Hoaveved) an thE2aset he
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so that either conditio ] | nerate the ility contactor open signal.
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However , dapturehproeesiiee andfprécandjiomsetbé antputdf d matdsdrivete mandt thg eemginglar i son
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WHRRES of the Irotdrath AR BERAr, o&p&rﬁget%?ﬁﬁe%ecoﬁrgﬁjl t'@ﬁoﬂgg‘éﬁérad

not or sta‘%@%{durln .a_capture procedure an € output of a

nmot or dri PRI S PRTE- RVpidp theyrrenfflistyrbanqss thepars gensrated 8 manner ,

t he not orcopwmtibealCapkebefore\besak™ quptadelwhikfaveiding the!timk idgyandpkRtbed 1 S open.

Thi $n avoi i Utediv Rl 0 & ar-e _generated in a., conventional

"make befagﬁ% rgg];éé%? ure %’P@g&g@oi%?%kgbetf%%g%ﬁ%e%page 5?53%%% ational 10

abnor mal iAlFedherreierd embodiment allons ¥aetpiornairolied mater davass o amyiotitercapt ur e

pr ocedur elgives WisOcontbEschéREsathe dha oM pBEitrtzao W WBpIHAGH @angent r ol | ed not or

drives, % 1Y o0 her drives using control schenes other than volts per

hertz, to Pe aBpﬁ'i ed in transfer applications. The invention can be

applied to anﬁtype of drive using vector control or any 15 control schene

ot her than voll§ UpEptgnganbe applicddo gnatyge of diivesusingrvepier el boangal cul at e and

appldw theomﬂ@me%dmét}Mrvoabba&?erﬂnytaﬁﬁ&emgémlﬁm% amt t IREQARAN Can Ee

used, sych as gontactors, manual switc , .solid state sw tches, or e

e, TS oty SRREERSEA wTRENS: AR Ehnn medtig i bRl o

gener at osuchas contactorsy mamtal bivisches\selid statepplithespor thiatikd.i Riee poliee var i ous

modul es GablpEardaRy B AN Sipdly Mahl el il 6 MnileBubliofIFNt ed as a
, controlTer can be

single unit.” For anfpl a sin m Cr oprocessdr base
pr ogr anmSYPRRY-t% ﬂleﬁg(ev P b"t‘fé"“ﬁﬁéﬂ%f‘@é canrpseparstedifdvare piptedivREnen can
.20 be implemented as a single unit. For example, a single microprocessor based
controller can be programmed with the various modules. The preferred embodiment

utilizes a motor. However, the invention can be applied to any AC machine.

While the foregoing description includes many details and specificities, it is to
be understood that these have been included for purposes of explanation only, and are
25 not to be interpreted as limitations of the present invention. Many modifications to
. the embodiments described above can be made without departing from the spirit and
scope of the invention, as is intended to be encompassed by the following claims and

their legal equivalents.
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utilizes a motor. However, the invention can be applibHApEl 408% AC nachi ne.
Wil e the foregoing description includes nmany details and specificities, it
is to be understood that these have been included for E{l‘ﬂ{%ﬁ@ls Iis

expl anaM bW, and are 25 not to be interpreted as Ii rons of the
present i WEEATI®OLAVMED odi fications to the enbodi nents descri bed above
can be nmade wi thout departing fromthe spirit and scope of the invention,
aS|S|ntendedtob asse t follo clainms, and their |egal
‘equi val ent s. El“ﬁ’% 8?8 5%*"‘ g‘gfmﬂ %Wflﬁgmpmwsom 32968
1. A net rﬁb‘ﬁplﬁfcﬂﬂdmtzﬁﬁmg d@ﬁéﬁ@dnadhom@dmaismhe pepeot: f rom a power  supply
and power froma drive, said nethod conprising the steps of. coupling the

out put of a drive t@uﬂmﬁ&@pﬁud{gd@gmﬁphbllﬂ&h}éﬁe AC machine with the
output of the drive utilizing a 5 control procedure other than a volts per
IV

hertz control pro rical ue t he AC machi ne;
freezing vol tage g"&ﬁgﬁ@f‘% {Iﬁﬂngr es’étﬁ' ?%??gﬁedg’efgflgé@“gél ue; freezing
the ?reqUeREY! ot eq;@er[th@@ aholty perherta contzol pkevedirepquency val ue; 10
controlling the output of the drive in accordance with a quasi-voltage

node using the trasahpling dlegica ¥queatyef @BAJ AcHifansf er vol tage value as a
reference; synchronizing the output of the drive and the output of a power

supply after said ly to the AC
machi ne after sai dﬁcséye/ir}fé ?"l(’)ln glg%tgﬁﬁ%thgaﬂ%h% %69@% Y qut put of the

driive fromthe AC chln 2. A nethod as recited in claiml, wherein said
removi ng step conp Iﬁ'éﬂ‘i“i‘i‘ﬁyf’ﬂ@“ﬂw%dﬂﬁe@Frﬂtr@lsfﬁrﬁ'ewncﬁ A net hod as
recited ivaluej ai m 1, vvherel n said renoving step conprises 20 uncoupling the
output of the drive fromthe AC nachine. 4. A nethod as recited in claiml1,

whegeei n the AC macRififiling B odtbut of the drive in accordance with a quasi-voltage
mode using the transfer frequency value and the transfer voltage value as a reference;

synchronizing the output of the drive and the cutput of a power supply
after said controlling step;

coupling the power supply to the AC machine after said synchronizing
15 step; and '

removing the output of the drive from the AC machine.

2. A method as recited in claim 1, wherein said removing step comprises -
placing the drive in an idle mode.

3. A method as recited in claim 1, wherein said removing step comprises
20 uncoupling the output of the drive from the AC machine.

4, A method as recited in claim 1, wherein the AC machine is an AC
motor.

5. A method as recited in claim 1, wherein the quasi-voltage mode is a
voltage follower mode.

25 6. A method as recited in claim 1, wherein said step of the AC machine
utilizes a vector contro] procedure,
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motor. 5. A nethod as recited in claim1, wherein thelﬁﬁ‘gl@ﬂ%tage node is
a voltage follower node. 25 6. A nethod as recited in claiml1, wherein

sai d stgg%g{mtzgq AC machine wutilizes a vector control ppegritdesess 11 14
April 2 /41292 PCT/ US00/ 32968 7. A method for swtching an AC

machi ne betweef powRmdiicdfoRsvathalg anSAD Bda¢hial dethRUWEpovid:r Hhnfla Jbde: Sai d
f.a power supply to an

net hod co {.Sl eps..of . .coupling an.output o

AC machi n‘Lémle Ad{r&%\?éﬁfﬁéﬁla ViTee f’ﬂ%%f?n?%“%t&}gﬁtﬁ?s?ff t he power supply; 5
coupling an output of a drive to the AC nmachine with the drive in an idle
state; uncoupling t$EPERR AUt of & BoWenpPIY ipat H Cimaphiretie dA@: thechi ne;

det ecti ngAQpedchinenditistha bepunds thdyove sl ne; precondi tioning the output of
the drive to correspond to the operating 10 states detected in said

d [ , | .4 . f dr. d id
or cctndi (] oning ot o ooy @ 0d A0k RS RHAE A8 g i e i n o o

det ect i ng9&¥#C:conpri ses detecting the instantaneous vol tage between phase
a and phase b of the AC machine, detecting the instantaneous voltage

bet ween phase b andmphapdiag theafutiunef de praeriupply frob? oA C laghingg fl ux vectors
of stator w ndings of the AC machi ne based on said detecting steps, wherein

sai d preconditioni . ol efani the angle, frequency, and
flux value of the f Leiﬁ@goc‘%(%irﬁ@?s%%g ogg%e(éjcﬁgpfﬁge’commnd vol t ages based on
the flux value, and wherei.n said confrolling step conprises controlling
the out put of the PIFPREUPURRHCOH R, @6%%@@%@3@@*2@?9%% net hod as
reci@ed istated detewtet] in sdid deteatingate; atdep of cal cul ating the conmmand vol t ages
is acconplished in accordance with the follow ng equations; Vx =

(we) (Flux); and Wh@p@roliing the output of the drive based on said preconditioning step.

8. A method as recited in claim 7, wherein said detecting step comprises
detecting the instantaneous voltage between phase a and phase b of the AC machine,
detecting the instantaneous voltage between phase b and phase ¢ of the AC machine,

15 calculating flux vectors of stator windings of the AC machine based on said detecting
steps, wherein said preconditioning step comprises determining the angle, frequency,
and flux value of the flux vectors, and calculating command voltages based on the

flux value, and wherein said conn‘oll'ing step comprises controlling the output of the
drive based on the command voltages.

20 9. A method as recited in claim 8, wherein said step of calculating the
command voltages is accomplished in accordance with the following equations;

Vx = (0€)(Flux); and
Vy=Flux (R1/L1),
where:
25 . oe is the electrical frequency of the motor emf:
R1 is the stator winding resistance of the AC machine; and
L1 is the magnetization inductance of the AC machine.
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25 W = Flux (RI/L1); ox is the electrical frequency bt APHRE20fSt or enf; R

Is the stator wi nding resistance of the AC machine; and L1 is the

magneti zati on inductance of the AC nachine. -12 14 April o3Pl 41292
PCT/ USO(W%Qyﬁ’ég{l]O. A method as recited in claim7, wher eiPn t he &g machi ne

is an AC not or jol11. A%@ﬁ&@&dre@i&driﬁﬂaﬁrﬁq’, itaﬁer%{n%ghbm egggrl;?x i d

controlling step conprises controlling e output o e using a

vector co  procedure. 5 12. A nmethod as recited in claim7, wherein
said step of uncoupling conprises opening a switching mechanism 13. A
met hod as reci & i nAghethod axecitedrit lobuim Gowhereini saigl doheoliihgptepf det ecti ng

sai d- openichfipfiied Boﬁdiﬁl:ig the oﬁ%;hfjoﬁtl@ Bt sl df&éc{d?gm?fﬂg é)?cg:ie{l]llg'e.St ates. 14. A

met hod as recited in claim13, wherein said step o cting said 10

openixng step ¢ ri ges conpari.ng.the.difference between the frequency at
term'srr}al s of t.ﬁg'pACi‘r‘Fﬁ‘ilﬁ? rﬁﬂgegtlﬂﬁﬁwgqﬂg‘ﬁ&’?sﬁ’fi #%\éﬁﬁﬁwﬁ@&ppl y with a
pr edet er niemgrises opgunpi siwitehingyeedmaisinng a signal if the difference exceeds
the threshold. 15. A nethod as recited in claim 13, wherein said step of

detecting sai d13.0peRiméhsd AReGRTR clahi2CRARRE' do ritsﬂgtﬁyé(téef&ed}feﬁtiﬁ%t ween the
vol t age at .ctierm.nal s of %5 t.&e AC @rachj ne and the voltage of the power
suppl y wi tHY SPEIREUFRPIAL AR pi¢ Fep O dsterung QReTgUREYaFS ng a signal if the

di fference exceeds the threshold. 16. A nethod as recited in claim 14,
further conpri $%.ng, Adeatkaddsmeqitgd imelaing 1 Bopdenaiy said stepof detectingahid of the AC
machigne Wphdhi Qm i A gs JPal ncy of the
power supgi%ll?gﬁﬁ; .I@ﬁ%ﬁ%ﬁaﬂfﬁg%eﬁ?%.begﬁeﬁﬁ%%%%%i ted in

cl ai m 15, Fmﬁ'le’i"aéﬁ?ﬁﬁq CqUFREEP LS PO SHEPLY Yothapsedetarmingd t er ni nal s of

t he AC nathinésheldwint lgereratimgarsignial if die differefled exeedls the thekiesldi ni ng t he vol t age
of the power supply with a line PLL of the drive. 18. An apparatus for

swi tching an Af5 MaCRipendaek WesRd BPWEn 13, Whefkin said step of detecting said

opening step comprises comparing the difference between the voltage at terminals of
15 the AC machine and the voltage of the power supply with a predetermined threshold
and generating a signal if the difference exceeds the threshold.

16. A method as recited in claim 14, further comprising, determining the
frequency at the terminals of the AC machine with a motor PLL of the drive and
determining the frequency of the power supply with a line PLL of the drive.

20 17. A method as recited in claim 15, further comprising, determining the
voltage at the terminals of the AC machine with a motor PLL of the drive and
determining the voltage of the power supply with a line PLL of the drive.

18.  Anapparatus for switching an AC machine between power from a
power supply and power from a motor drive comprising:

25 - means for coupling the output of a drive to an AC machine,

means for controlling the AC machine with the output of the drive
utilizing a control procedure other than a volts per hertz control procedure;

means for freezing voltage output by the drive at a transfer voltage
value; )
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power supply and power froma motor drive conprising: 128Pa3%¥ for coupling
the output of a drive to an AC machi ne, neans for controlling the AC

machi ne\),gq')bnﬂtzgf output of the drive utilizing a controlpgmeaise Ot her
than a S per hertz control procedure; value; neans for freezing voltage

out put by the drivemeinsdot fr@ififQhe Fothie 1 Jel 01/ 41292
val ue; Pc%y 00/ 32968 neans fofrg fregizi ﬁg}e?ur%&fb%glaﬁ{n‘}gym%glggﬂ%ﬁ%y the drive
at a frequencCy neans for controlling the output of the drive in accordance
'With a quasi-voltage node using the transfer frequency value and the
transfer voltage vaingans for eoatralling the e of thealnise fraccardamderwiti zi ng t he

out put of qidiBveltdge eode dsih theQkinbiet FrofueAcP PGS ard ¥Rl ih fRfgecOUpl i Ng

t he Eomerass%g?%ﬁ%p t he AéC]: machi ne giter sai dalﬁneanésﬂ?ég?eg@ﬁcﬁugni zi ng has
synchroni ze e output of the drive and the output of 10 the power
supply; and neans for renoving the output of the drive fromthe AC nachine
after said neans fBeans&rsynehgoniziag Seupited of the duvevend thapplpyt oftn t he AC
machi ne. pP&verAtppipparatus as recited in claim 18, wherein said nmeans for
removing conprises neans for placing the drive in an idle node. 15 20. An

apparatus as recit | | aj wher ei n _sai ns f.or renovi ng
conpri ses neans foﬁgﬁdr!fg_go& c?{llﬁrpg“]g[%ﬂ%p%%?rﬁﬂf’p%?o %ﬁgecgﬁnﬁ’}%“‘? fife AC machi ne.
21. An appsistfersyachrenizing das synclyonized the outplreofthe dtivreandGheranthitnef i s an AC

ot @0. 2Zhe powaripppigial as recited in claim 18, wherein the quasi-voltage
node is 20 a voltage follower node. 23. An apparatus as recited in claim

18, wherein Said megps. for.conty ghling, ot e AC pechine utilizes a vector

- control procedure.

said means for coupling has coupled the power supply to the AC machine.

19.  An apparatus as recited in claim 18, wherein said means for removing
comprises means for placing the drive in an idle mode.

15 20.  Anapparatus as recited in claim 18, wherein said means for removing
comprises means for uncoupling the output of the drive from the AC machine.

21.  An apparatus as recited in claim 18, wherein the AC machine is an AC
motor,

22.  Anapparatus as recited in claim 18, wherein the quasi-voltage mode is
20 a voltage follower mode.

23.  Anapparatus as recited in claim 18, wherein said means for controlling
the AC machine utilizes a vector control procedure.

24.  An apparatus for switching an AC machine between power from a
power supply and power from a drive comprising:

235 ' means for coupling an output of a power supply to an AC machine to
drive the AC machine with the output of the power supply;

means for coupling an output of a drive to the AC machine with the
drive in an idle state;
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24. An apparatus for switching an AC machi ne between pbi#rl12¢5m a power
supply and power froma drive conprising: 25 nmeans for coupling an out put

of a po&mfﬁﬁ%y to an AC machine to drive the AC machigewédhBadshe (C)ZUt put

of the ply; neans for coupling an output of a drive to the A

machine with the diexs fbﬂu@au;'blﬁig&wbﬁp@;oﬁ%o%r%ﬂh} fréQke RET/ USO0/ 32968

nmeans for pling the output of the power supply fromthe AC neans for
detecting operdting states of the AC machi ne; neans for preconditioning the
out put of the drive to correspond to the 5 operating states detected by
sai d neans for det eBERIdor deiRstippopratinesiptesafdht AC;mashines for control ling
the output of the drive based on an output of said .neans for

precondi tioni ng. 25meds fappacoatiitonag theaithedf it diveioeafespiiiabaien sai d
meang for

td R, S.64 g&gg f etecting the instantaneous
vol t age bgﬁée %%sdg?%@n Ss%??ase §°f(51g{3f€?ghgn C machi ne, means for

detecting the instantaneous voltage between phase b and phase c of the AC
machi ne, neans for @aqléé?réionﬁglhpg%asWeﬁ@edﬂvgb@aeépnmmpng@fsa@r the AC
machi ne, meansSof precol@itivhiighi ng the angl e, frequency, and flux value of the
flux vectors, wherein said nmeans for preconditioning conprises neans for

cal oulating  opqmang, ygletaaes 0850 el BP el YAk WRan R SR 1 521

means for controllin I Ses neans contro ut of the

drive bas€nmIHes weal@g’ﬂ%ﬁtmﬁnwetiasj@ﬁaneeas witagnbetwegmphese s asdphasebt ed i n
cl ail;m 25,theA@'maﬂﬁiednm%rd@écﬁgm%tﬂﬂmuéhﬁtaggﬁmgn Rist gges utilizes
oe

the TolT o d eS8 hORR mabhiri, bR bF Laléiharind Hioe vitors oF sthfor vindiigs )+ """ ©
of the AC machine, means for determining the angle, frequency, and flux value of the
flux vectors, wherein said means for preconditioning comprises means for calculating
command voltages based on the flux value, and wherein said means for controlling
15 comprises means for controlling the output of the drive based on the command
voltages.

-26.  Anapparatus as recited in claim 25, wherein said means for calculating
the command voltages utilizes the following equations;

Vx = (oe)(Flux); aﬁd
20 © Vy=Flux RILI);
where:
we is the elecuiéal frequency of the motor emf;
R1 is the stator winding resistance of the AC machine; and
L1 is the magnetization inductance of the AC machine.

25 27.  An apparatus as recited in claim 24, wherein the AC machine is an AC
' motor.
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we is the electrical frequency of the notor enf; R i&4AREI39% or wi ndi ng
resi stance of the AC nmachine; and LI is the nagnetization inductance of

the AC ' 25 27. An apparatus as recited in claim i the AC
machi ne%ggﬁg% not or . _1Ep14 April 2005 WO 01/41292 P%#ragégé%568 28.
An appar at us aES.recAhapmemﬁ%cMﬁﬁﬁﬁivﬂ%&éhhgaigﬁ?&ﬁs foPborfiRfiidP! | 1 N9
conpri ses ; outhut . of the drive usi a vector
Corr]r}[:)r ol  proce %&g&sggpgiﬁkg%%tr%tg ﬁtsoug%fqﬁ%%‘fee‘lf"f% %ffcmrﬁi"i@?gmher ein said
means forPOfFRBIing 5 conprises neans for opening a switching mechani sm
30. An apparatus as recited in claim29, further conprising neans for
detecting oper2f.i onAmappmpitas a¥edited iDElaip e4) wHirdih 588 nicansSRt Gn@RphAY | On Of

sai dgheang, sesgg&gg-%lj%gﬁggs%&g@gz%? es. 31. An apparatus as recited in

cl ai m 30, erel n sai for m10 operation conprises means
for conparing jhe djfference between the frequency at term nals of the AC
machi ne and t 'freﬁj@?ﬂ??“b‘?fastr?@%m@m% epicomprasing meatsstfor ni ned

thr eshol dletautingeperaiiducuf sgieasads forOpeniss e to shid oBafib] SSRGS NGECdS L he

t hr eshol ddete%én ALalds as recited in cl ai m 30, wherein said neans for
detecting BPRT AL Fon conprises neans for conparing the difference

- between the vgltage at term nals of the AC machine and the voltage of the
power supply wilth 0 3ppeagises pecited in daigsih whereirtsaidmesnsffor defectirpat i ng a

si ghal ifopeha'oﬂbéﬁm&mmw&ee&iﬁpmﬁag%éch&eéhw &tw%tﬁéﬁ%ﬁkﬁgﬂaxf or detecting
openi ng qgmﬁn%%}&g r&ech ni smdi %\& rive?él(]) sgstems avi ng power supply
coupled to a drive £ IBP%’VP?G FAYEBCH YD POWRE supply Withia” swit ch mechani sm
coupl ed treedgermineg threshobt sndrmeshs firgenkrating a sigred ifaheldiffvtdnedexcagizhani sm

coupl ed tie thhghmawer supply, an AC machine coupled to the first switch
mechani sm and the second switch nmechanism and a controller operatively

led t . g \
coupti e 0 32. An apparatus as recited in claim 30, wherein said means for detecting

15 operation comprises means for comparing the difference between the voltage at
terminals of the AC machine and the voltage of the power supply with a

predetermined threshold and means for generating a signal if the difference exceeds
the threshoid.

33. A method for detecting opening of a switch mechanism in a drive

20 systems having a power supply coupled to a drive to provide power to the drive, a first
switch mechanism coupled to an output section of the drive, a second switch
mechanism coupled to the power supply, an AC machine coupled to the first switch
mechanism and the second switch mechanism, and a controller operatively coupled to
the first switch mechanism and the second switch mechanism to control to the first

25 switch mechanism and the second switch mechanism to selectively coupie the AC
machine to the utility and the output section of the drive, said method comprising the
steps of:

detecting the frequency at terminals of the AC machine;

and generating a signal indicating the second switch mechanism is
30 open based on said step of detecting the frequency.
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the first switch nmechani smand the second switch nmechkhfem 2®Scontrol to
the first 25 switch nmechani sm and the second switch nmechanismto

sel eCti\Wlﬁﬁlﬁﬁgf’l e the AC machine to the utility and the@dyaiadgct i on of
the drive, sa met hod conprising the steps of. detecting the frequency at

‘terminals of tBe ACAWGhbOES reond ifenendt! Ang Shishshe ubdlGAILL the second
switch mgg%%gg%%o(}ﬁ% based on .said step of dét ectimmg the frequency.
-16 14 Apri 1 E /32968 34. A nethod as recited in

claim 33, further conprising detecting the voltage at termnals of the AC
machi ne; and gener aBfHEURS $isighgl infigafingshe segondhewitthonenbasismticoperechani sm i s

open basbakedon Saiddteptof detettifahe¢ditage t he voltage. 5 35. A nmethod as
recited in claim34, wherein said step of detecting the frequency

conprsi ses dete ni t.5he term.nal s of the AC nmachine
Wi th A motor Pt of Rgﬂéetﬁﬁ%%/rga%ggﬁ Xlﬂ%ﬁ%%’h reégse}l‘géePdi?t?fmc‘?E “m 35, wherein
sai d st epligqucaey exmprifgs determinioe thefeequoryrat thederddnals of the AG mhehineo! t age at
t he term watha mdtot PEL Ahedeikene with a 10 notor PLL of the drive. 37. A
method as recited in claim33 wherein said step of detecting the frequency

conpri ses conpgging | fference betyween the freque at termnals of
t he AC machi ne énd_%he ?"?de%ﬁg‘%tgg“b‘fh’f‘hﬁb’&mm%%ﬁgwﬁﬁ%wnagfher st threshol d
and sai d Vejtge pemprisgs detepniaingpihe yokaggahthe aerminpls dfths AGnahchide witiea di f f er ence

i s doeat emotop®DLtdTeheldivel r st threshold. 38. A nethod as recited in claim
34, wherein said step of detecting the voltage conprises conparing the

di fference betjyeen e voltage at termn s .of the AC machine and the
vol t age of thejl%ome‘%_pnsegg’glaﬁr_%‘tf‘%maél@%‘gh?ﬁpé%‘ﬂﬁe&°<'§ eetinedhe gener at i ng
step conplf¢gescypemprises eomparing Giegiiffidrerce betvesenl itfef fesqpany at eergiBi@™ than the
20 seconctht Aeshith and%he AedROEAOSE BSpdRS sk h@m@f?&r”iﬁéﬁm&%&?"&‘ sai d
detecting step conprises sa Ijn%t%e Ir ency at  the termnals of the AC
machi ne %f&elgg{l%&%ﬁcg}lmqeﬁ ge %g e signal if the difference is greater then the

15 first threshold.

38. A method as recited in claim 34, wherein said step of detecting the
voltage comprises comparing the difference between the voltage at terminals of the
AC machine and the voltage of the power supply with a second threshold and said

generating step comprises generating the signal of the difference is greater than the
20 second threshold.

39. A method as recited in claim 33, wherein said detecting step cdmprises
sampling the frequency at the terminals of the AC machine and said generating step

comprises generating the signal if the sampled frequency changes by a threshold
amount over time.

25 40. A method as recited in claim 34, wherein said detecting step comprises
sampling the voltage at the terminals of the AC machine and said generating step

~comprises generating the signal if the sampled voltage changes by a threshold amount
over time.

41. A switching system for switching an AC machine between power
30 from a power supply and power from a drive, said system comprising:

a power suppiy;
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conprises generating the signal if the sanpled frequektfrEh¥¥es by a
threshold anount over tinme. 25 40. A nethod as recited in claim 34,

wher ei n“;@@?“?%t ecting step conprises sanpling the volt agerboises
term nal’s e AC nmachi ne and said generating step conprises generating

the signal if the sadbleddviviglbh a@purdonatmdan ifmit BEESH AR iapRYBLonoVer time.
41. A svm't}eerﬂ;g&g Eﬁ%&?ﬂ}@&eﬁs\%@fm ng an AC nmachi ne between power 30 from a
power supp ang power from'a™darive, said systemconprising: a power
supply; -17 14 April_2005 WO 01/41292 PCT/ USQ0/ 32968 a drive having an

out put section and s} §ftch meshanisgmcoupladdo spig eutpgbsectioni  bei ng coupl ed to
said power supply; a first switch nmechani smcoupled to said output section;
a second swi tch necrsaexinwioh plecithnistm caipibdpowad psuaupplyan AC machi ne
coupled to said first switch mechani smand said second sw tch nmechani sm

and 1 cont rol | er opgRt inkelive GRARKITY i@ ARLTilH hslnaiith! £ RGBARLSM and

said second swtch nechgnismto control to sal ani sm and
said seSYHEL BFFRIW A ani smto sel ectively couple the AC nachine to said
power supply 10 and the output section of the drive, said controller being
operative to cont r alcottneles pparativebf caupled ACsid Ghst ewitsh thbcHahismaitlput of the

e o SRalsBontr b MLEARREAAMIT el OB nBOMARY ghagford St e

nmechanismis open uti INg a C(_)ntl’ PI‘ oceaure C . na volts per
hertz coRtsBf SpiteR Bgehanism @ selegtively eovpleths Akguachingfasaid powat woolyi ve at a
tralsf er auditheageput adction ofihd diive, istid@airdile beidl Ppératdye 16 @bkkrdl the/'esd a

transfer ‘ l.ue aid,controll er. also, being operative to
control PE%%%H%%?%%% %‘P@‘\ﬁ/g’gﬁﬁ d?‘é’&%‘teﬁ SW“Pﬁﬁwgh%fu%%si -vol t age
usi ng t h&losedhand gaid wspnd gtchanerhanipm is ppentutilininp ercontrolggorsdury o ue as a

ref er encehan@ violts ipk+ Hedtz @oSyd) HRIOMIrE, 1D Treb RO VSIRIEE offpubiy shidlfdivesegnd the
output o Wt C chanismto couple

sai d po&%ﬁ%&l Svﬁgtgé\ée{%geg gg‘iﬂ%;ée%%@% ??ﬁ‘i’“%?f%’?ﬁﬁ%d lf‘t??&?’?‘léb K dri ve and
t helSout pugluebassdi, skid controller also being operative to control the output of said drive in
accordance with the a quasi-voltage using the transfer voltage value and the transfer
frequency value as a reference to facilitate synchronizing the output of said drive and
the output of said power supply, to close the second switch mechanism to couple said
power supply to said AC machine after the output of said drive and the output of said
20 power supply have been synchronized, and to subsequently remove the output of said

drive from said AC machine.

42. A switching system for switching an AC machine between power
from a power supply and power from a drive, said system comprising:

a power supply;

25 a drive having an output section and an input section, said input section
being coupled to said power supply;

a first switch mechanism coupled to said output section;
a second switch mechanism coupled to said power supply;

an AC machine coupled to said first switch mechanism and said second
30  switch mechanism; and
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" - second SWItCﬁ’eI

20 power supply have been synchronized, and to subseqleAptiy20@nove the
output of said drive fromsaid AC nmachine. 42. A switching systemfor

sSwi t chi Q’g?ﬁ{h machi ne between power froma power supplpediidosgger froma
drive, s syStem conprising: a power supply; 25 a drive having an out put

section and an i ][1p@coaasméreperaﬁvﬁélﬁcéd@wdtto §ﬂ|8tﬂéﬁ'§“dt9?hlg&1a&&ﬁpiuﬁd to said
power Ssu . . C nj.sm )| € O sal out put.  section; a
el (?fnéic “gﬁ:lil%\é%%tg%f {egcaf?p %Oistgi pid '?@W@&H’;?F@’,ms&h ahchi ne coupl ed
to said fseeand sssiich sechanisma o sslectivaly seuple sisbAfdnacBihesusdid powachaplysm  and
18 14 Apinillsaid @puf€ecdd 012RPIRETLAEOMIAN VR GRRILEL Qbecpy aL 1 Vel Y
al

coupd ed tg rst, swt chani sm second swtch nechanismto

sai d.fi ch d,.s
con?ér ol 6" ¢H® 'ickfl?f:haéﬁ”f'&?ﬁo E 75 A ofaicpamter sepltRdbe diCt ch nechani sm t o
sel ect i venaghingdp HeivesaidiAR@avhinisiwith the ospitofsaideiowet Apply andntbse ahid out put
secti on QfrstSai LNy j j r.at,i Q close.said 5
second s ?t(%%’l%ggddg%ﬁsﬁ ?o&é’g@%éﬁ?%{e%fu%%uﬁgg ggaé é‘%@\?&‘g’r"ﬂ% Fi‘}&t o the AC
machi ne CHVEH e’ﬂ@dﬁﬁﬁq‘ﬁlﬁ’éﬂﬁpbﬁﬂg RBerativeiaopen saihsegopdswitchs uppl y and
cl ose saintbchdriisra to aiotiplb tiraainamos said poﬁé}glﬁbﬁy HOnPIiPAL dxeéchﬁﬁi, &i,l f'r i ve to
saih AC i i id_.dnpve Ln an idle state, said.cqntroller also
bei fnbg opg?%ﬁ @grétm&& gtgie% °g%%“gAskf elg%éﬁ'bues% Rreqendifiop the futpht of said dB¥ei0e t he
out put ofoBePanGtotbe defesierd grefatingsiatasdnd® cratrol the putput dfsaidldrivet  oper at i ng
st at es obasediol tAdpregunditidaingt © precondition the output of said drive to
correspond to the detected operating states and to control the output of
said drive based on the preconditioning.
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