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transferring an AC machi ne between non volts per hertz diica;hsaeds POVer
suppl y %@ﬂg‘"&gzsupply mai ns, or a generator. In a transfﬂecr procedure, the

motor drive is pl acRETHOD MR APPUWHATIS FORISWRIECING Qn ransfer to pernit

the output of the noto i |.zed t he output of the power
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the power supply. 14 April 2005 WD 01/41292 METHOD AND APPARATUS FOR

SW T_C"" NG AN ffe MONE&IE&TM%&MfM aft A%%%ﬂﬁgen power
- from a power supply and power from a variable frequency drive. More specifically,
the invention is a method and apparatus for transferring an AC machine between
power from a power supply and power from a drive that does not use a volts per hertz
5 control scheme.

In many applications, it is desirable to transfer an AC machine receiving
power a power supply, such as supply mains, to receive power from a variable
frequency motor drive, or vice versa. The phrase “power supply”, as used herein,
refers to any source of AC electric power such as supply mains, a generator, an

10 uninterruptable power supply, or the like. The phrase "AC machine", as used herein,
refers to any AC rotating machine, such as AC synchronous motors, AC reluctance
motors, generators, dynamos ,or the like,

For example, in gas turbine 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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BACKGROUND OF THE | NVENTI ON PCT/ US00/ 32968 The i nvent 1bArfiki®es to
controlling transfer of an AC machi ne between power froma power supply
and power froma variable frequency drive. Mre specifically, the
invention is a nmethod and 1: ar at for transfe %gfgﬁegn AC nmachi ne bet ween
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transfer the notor to the supply mains to continue operation. 20 Simlarly,
it is often dékcioatintrol’arived iavhbeenielelopddrto bveragmne mitations ob¥dk to a not or
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power s ly to a dri;ve is,_ referred to as a ycapture” herein. 25 O
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nmot or  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




driven by the drive output. In V/F control drives, itl4Apakl®5ively sinple
to- synchronize the frequency of the drive output and a power supply to
acconplish transfer and capture. However, V/F control is open loop in

nature and thus h i_nherent .stabili rpbl ens. Fo since the
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coupl i ngs c%oxﬁmﬁg %&rgm%)d tThe output (}14 th@ﬁltl‘lnle alnd0 t?ne output of the power
supply; and means for removing the output of the drive from the AC machine after

n-

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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AC machine after said synchronizing step; and renovi nkt Apdl W5put of the
drive from the AC machine. A second aspect of the invention is a nethod
for switching an AC machine between power froma power supply and power
froma drive, the nmethod conprising the steps o coupli an. out put of a
pover s oWy torthe driveatfirshesHifchan ¥R g Wéoﬂcg:"utﬂ’éfcsﬁ?t C&n%'ter&vﬁ’e out put of
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procedure; means for freezin e output by the drive at a transfer

volta
vol t age Bsgdiee: thestenaf detseting th Mﬁ“?ﬁe frequency output by the drive at a

frequency value; neans for controlling the output of the drive in
accordance WA Kixtéh agptebofth@intagion comptisel aiswichifiesykteantsf evitdhirgamency val ue

~and the transfer, voltage value as a reference; .neans for synchronizing the
out put - AC G b e e OB oiooly Bader eppRgve e REFor coupl Lng
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A earG StoE s FRiblelo S BRITe PO i (R VacH mthanim REPIAEN ne af tef
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bet ween r‘bfg;ﬁié'reo?‘ﬂ%‘ﬁﬂg S?)‘a S%%HPW‘QW&‘“&E&/@?& F%Wf%{“ﬁﬂ%ﬁ%ﬁﬂ’ri si ng neans
forh_ comﬂhﬁwtwﬁlemﬁemﬁbelyfo?@lmh aidsmpbvjtcrlme@améﬁ‘ aﬁf&@dﬁﬂ@&ohid)_ drive the AC
machi ne wi.t t he. out put t ower . su ; ns, for .coupling an out put
of a driSVich geehamisgdo MFW%‘SW“PWE an%ﬁg%sn} gp%:sﬁlsal S&?‘Eldssf”g‘.c © means for
gntc ou {J! inhitign ?:!ulstelwﬁ\{dp}: odub%ftﬂ@)%@rn;\%cﬁﬂﬂ@t yaid ﬁ@ﬁﬁrtsﬁ@lﬁ%ﬁdﬂié birtper; . _”f‘?‘“S for
etecting operating states e nachi ne; ans recondi ti oni ng
he- out UroBet e g courallsr badm s (4 sratrolsls drragbe Bbe  det ect ed by
sai d neafhine witheheithi of the Atvewaasthe Gifst ewinth édhhiigm ih@owdapdit of the drive

based on gn output of said neans f.ar. preconditionin fifth aspect of the
Cavent | GRdresoRd REteoReBRSRoT SnepiilzipBe H?W?BWOC‘E{P“%%%P?@M“V"M
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




mechanismin a drive systems having a power supply colfpf®8l 25 drive to
provide -3 14 April 2005 power to the drive, a first switch nmechani sm
coupl ed to an output section of the drive, a second switch nmechani sm

coupled to the pomer su an, AC nmachi n flrst swi tch
mechani sTang eHEPEEES Yéndf‘(‘fﬁh??@%ﬂh‘? ?Sﬁ:ﬁﬂg dg"HHPPIHISf’ 0, Ber at i vel y

- coupl ed mmttsb:mloﬁ beiag camletdcth siid pbaai m@l@@ﬁﬁmﬂ&nmﬁh@m ledge hani sm
control to the fir.st smnt cha i smand t cond smn hanlsn1to

sel ect i VEIGPURIGCEOE P?eqe‘igé SEHEY C'ista POXE" ?‘H’Q yoﬁ‘? section of
the dri \Aﬁachm'Efceupﬂ'ed i@csdldcf‘msmmtslemeél’fmSﬁi, embsalf secotrlsedich ﬁ@chdih@srrf requency at

term nal s ,of th eratin si gnal dlca ing the second
swit ch rfRdRLapL efgpeéﬁ’ﬁycﬁ S‘S{E’oﬁar%?ﬁ}ét Htglbg’ﬁghaﬂ’é&b@fi S frequency. A
si xth amhm&hemﬁmtorwmmut@sm@ﬁﬁpsmwhan@hmmaﬂmsfagigeycsﬁmifcﬁr sSwi tching an
AC machi ne bet ween power from a power supply and power froma drive, the
system 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 swtch mechani smcoupled to said output section; a second switch
mechani sm coupl ed to said power supply; an AC machine coupled to said
first swtch nechani smand said second switch nechanism and a controller
operatively coupled to said first switch nechani smand said second swtch
mechanismto control to said first switch nechani smand said second switch
mechanismto selectively couple the AC machine to said power supply and the
out put section of the drive, said controller being operative to control
the speed of the AC machine with the output of the drive when the first
switch mechanismis closed and said second switch nechanismis open
utilizing a control procedure other than a volts per hertz control
procedure, to freeze the voltage output by said drive at a transfer

vol tage value, and to freeze the output by the drive of a transfer
frequency val ue based, said controller also being operative to control the
out put of said drive in accordance wth a quasi-voltage using the transfer
" voltage value and the transfer frequency value as a reference to
facilitate synchroni zing the output of said drive and the output of said
power supply, to close the second switch nmechanismto couple said power
supply to said AC machine after the output of said drive and the output of
sai d power supply have been synchronized, and to subsequently renove the
output of said drive from said AC machi ne. A seventh aspect of the
invention is a swtching systemfor switching an AC
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machi ne between power froma power supply and power fibApEl 80ve, the
system 14 April 2005 conprising: a power supply, a drive having an out put
'section_and an input section, said input section being gepp sai d
pover sWRAZ £irst switch mechanismcoupled to said gut péiﬁ%?e%ti on; a
second S\WhdchkhisR 6'\RMCETRIF BRISshid ﬁc&ﬁ&dﬂh{&q%ﬁd%%%éﬁg g%&gaid”mh' ne
coupled to S?I d.first. Wch.%rechaﬁl ﬁ{}} and said slec R sw tch _nmechani sm
and a cofPIy] .egpo%%%a.gf &1 S RTTPEY RegreLeRty e fatloss frtdsreopdswach s m and
sai d secmhawmtm@unb@hmmmfmd:anarehpmptmbas\(I magiinestoidrivh sai@chani sm and
sai d_secolelusinehid heARi o Pp AR 29PBCTLIER! 34268 mechani sm to
nmac |% a y

sel ecti veley co%lgl e sa{ d AC eto .0 power_ supply and said output
sectd on &rechaism i qayale ag output e sardnverto paif Y myaehing 1ith said deveiansai d second
switch idiebiae sid tomtrotlenls tringospepitive 6f opedisaidRessid ssittR échisnhe AC

machi ne i i I i he. put ;of saj ower supply and
cl ose sairt(gm?dlz_){r'léljté %ﬁ%ﬁé&sﬂ%@%ﬁﬁgﬁélg o% O@Oﬁﬁgbﬂg‘;&&ep t ege‘cps aid drive to
sai d AC RBERERESES of saidiAC mackiac.itn prasondidornsthe putpyt ofsaididrivente r ol | er al so
bei ng opesméspyi &%@m&t@%ﬂrﬁag%&;mmn&sm%@m of's@iduaupl e the
output o;assglod ower ﬁjﬁﬁ%ﬂé fromsaid AC machine, to detect operating
states oP?¥5°4 HECHHRBRE o precondition the output of said drive to
correspond to the detected operating states and to control the output of
said dri B&EEDM%PHON%BEEM’%NGN ng. BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention is described herein through a preferred enbodi nent
and the drawlhginventidh Bhdesbrilted Herdifi tBrolbl GKpréfed@h ambdlintent Whil GRA Ng system
in accorggggne in;[thcha preferred enbodiment; 15 Fig. 2 is a graph of notor
speed vel Sus & Y'ne ' Th a transfer procedure; Fig. 3 is a flowhart of a
transfer procedure; Fig. 4 is a graph of notor speed versus tinme during a
capture procebigr bls(ﬁblt’qaiedla@‘lﬂ@f@rarsé‘de@Iﬁmnn acqordpneewith apréfesodkhart of a
capture gmbedaesite of the preferred enbodiment; 20 Fig. 6 is a block

di agram of a capture nodule of the preferred enbodinment; Fig. 7 is a block

di agram of -t N CARLUL GG HIBH spelbdisRlicd 'S ALEIRL bdeqigDOdi ment ; .and

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
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- Controll Q:(ardvgr%d%ﬁlo ‘?o%ic RrEdi
al’o

Fig. 8 is a logic diagramof the procedure for detect Hépgb%(?ﬂsng of the
utility contactor of the preferred enbodi nent. 25 DETAI LED DESCRI PTI ON OF

THE | NVI jg. 1 illustrates power transfer system 1Q | rgdance
with a b@?@d enbodi ment. System 10 i ncl udes supply %ﬂ@ﬁgﬁ@ source
of three @hpreoAfacloeWar (serin fa‘seﬂﬁﬁﬁéiﬂ

controll e %E‘é%hsagls&t{;requemg né mg%?' ve m)dél lﬁ’ JA?& ﬁ%rz%%’?% 01/ 41292
PCT/ US00/ out put. con 5 1%“‘% 00feFi 40y H<an be\seen: Hiah gperetiamael sn)
utility contagerold ag (Ggande cgetmlledgo seiecmvelwcbaislb REOIOEIBBUFHTY mﬁﬂ;d ot or

20. | 6
cont ol | et ‘*3“;%%?21???@“1 e oot %ﬁﬁa%ﬁe%@veﬁﬁwﬁ%%ﬁ% SR ot or

drive 14, BS?IP'F 15 Pf gqntastors 46 anb} hin a/é«vsgreémpn@d Gontrobert act ors 5
16 and 182 earcdnta ahictopecsisat daskl deviicapidpranhéd ants Wsikdd thaflft! hed manner.

Fgggﬁ)egﬁlg{mgﬁlsed devi ce ﬂ[é? rarmed |n a desired

manner , qg w& gD& I'C CIrcul fh for
control | |aH6 Fhs egper describgd §elow. i n t he manner descrl bed bel ow Mot or
drive 14 includes drive controller 30 having a nmenory including 10

i nstructions Motordrirediddnclodestdtiob calt@iied 3011'1’8vir£§ a ﬁl@ﬁbﬁl%l:lhﬁﬁ the torque of

not 20 vect or t ech Controller 30
al S?I ncl %sgrgc%g&daav%ﬁﬂé%ﬁ&l E%g%mg) ogﬁn {1?8 It?fﬂ'éeso’%ﬁ B thm for
controll .aﬁ@r‘ffe%wthémw agel eqhpiquoneContentiee30 al@ammlud&@d;ﬁaﬁge nmodul e 34
i s descr ivbkapeasodulessBiahiah tncBideSBNAL Jik%ﬁz' Br an%rollﬁirgacfxbt%%zo &gﬂ/&gﬁ gonsti tuted
of instr v ont ECI’I bed bel ow
and need lf%%)&tvgpﬁlgﬁﬂ t@a% (i;\tfl%e lﬁg‘?“ﬁ%ﬁ %@85 fhasPaaipelementdersiie 20 al so
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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-




25 notor 20 to be controlled by the output of notor di $erih2005 n step A at
time Tl, a transfer conmand is generated by controller 22. In step B,

motor 2Q is r ed up to speed by notor drive 14, under pg&iQbsfent rol of
drive c%‘?ﬁmlﬁg’? 30, until notor 20 reaches steady state speeo(% at tinme

T2. Shor t kyitdgh ecinfet 24 , ThetoutguiRollge akDRéduRhdyesf Ble 18RSAALSS4aN i nt er nal
synchr oni E&O%Wfbgerg&e%{lﬂgq%i- oiadi cate that a sw tch should 30 be nade
I""nmode.

€ I . .
to the quasi-voltage contro i Sponse to the internal synchronize
comand, in ste|to,D, the nptor frequency is sanpl ed using existing

el ectroni cs i nAt BBRdR. thephaserrd magnifydg, ke soliage ofpatpun sighalefoancy at t he
out put of supplyomaiels 12 endhotor @rivé [P&EMatdhed; i TBrhRNNEA iRk khign! ast val ue

prioe to r-onj [ at tinme.T4..1n ste controller_ 30 switches to
t he guasi V0 e?’égg{eégﬁritwﬁ%e%%re&ﬁ'ﬁ&grm ‘&)‘H‘? ﬂ‘bﬁs{zﬁ‘?ﬁtﬂéﬁﬁg’t‘m’)@wfﬂ- Bpril 2005 wo

01/ 41292 FatipulsptheIptesirequsheagetorddvd b4 @il beTtampeditiputrinvnéd, &gplacand
f r equencyhebushut ¥omddr i 14 neHadRe 1 2 vhItadene
guasi - vol tag_leﬁﬁr#oae. A{ tjinme I5, ttll%?p, agg?%nggcﬁgg%‘?‘%g%?"@&é% vol t age, of
out put si YREPEMP %pﬁesglyﬁkquf TWRE algsritn nhaveqnd ypitage mafchingispasibhed, . e.
synchr oni a&eadmplished bk pbase abd meltage regulatorst AkoGhisbdecaibk iseifivaold IS in

t he jguasi ’ﬁ:ﬂ?zn nt : Lcul . out put frequency notor
dri vg 14 R}&ﬂil& e rgéngbé%q;n?@%%ﬁ}%g?&%%&%ﬁ%%g% iﬁ@%et ut of notor drive
14 in phabssquentlyin step | Controfler 39 places metag drive 14 b1 anidls medsnic.al node uses a
vol t-agle_ f spdté iwehichhg otiputyiznap bagacrand b?/@h@ag&ctz\l&; &4 iioh u Eﬁccﬁﬁ%d ik o

acconpl i regul ators. this e can be

i nsensi ti%\?géhegyi({é@gogégggg‘%ﬁ#%%&%e@&%f P‘E‘ﬁcﬁ‘@“@‘r%{‘f@m mgior &P ke ¢| oses

cont act orPo¥@radbystupplynainslidsequent |y, in step |. Controller 30 places
nmotor drive 14 in an idle node, i.e. a state in which no output signal is

genés at Fd by gk a%ﬁf;ihidfmoﬁd%dspfﬁd aersga tilﬁilé%ﬁﬁé biffca t%.?e FB&RARrARA! aijO[) 16
to conpl a:e 4. rocedure. an 0 tor to ge,powere y
supply ngflg'sglgg.ﬁo%%n‘%{t gfa%l’%gggf"%?%%"% enﬁ\f%?e QEI-g EiRe duri ng the
capture @B@wup@edmmmomgﬂ igswitchad frombehngrpowetedabycsapply meaipy Iredure. of the
pr ef er r echesighplefRIty mé¥f 4k 1400 HRRhYE Bulkf AR Gced P Ghg?G: ofy SWi t ched
from bei ncgggom%[ ed bé iﬁu. Q! %/1 g’glgna 12 to being poweréd byg nmotor drive 14.
To m ni mPHEEYAMES: i} desiiptlciodige the outpup volfnes of moter deiye 14aloseldl ues, it is
des?® abl endtch thawetértterninlyoltagealutiag eapmfire i the pebifery&d edbodiges) Y 20 natch the
not or ter&%' gtgi_gtgtgg i . . referr odi nent ,
vari ous not of ngt_at es a?%ﬁakg%fgg%%g%’%gﬁ%ﬁf&éﬁfﬁmﬂgg‘fﬁr& H& ti oned
bef or e bépq:fglzed, l.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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energized, i.e. generating an output signal. In step KAgHI200% T, a
capture command is generated by controller 22 and drive contactor 16 is

cl osed WhhloEsfpesor drive 14 is in the idle node, i.e. iSdpysigspesati ng an
output signal to nmotor 20. In step B, notor 25 drive 14 begins to be

pr econdi t iPsHistlanagesrmpdidel 3G ednohe préyirogranimedAntola HéBRyy Gf colitidilef 30 CONt act or
18 is opengdchyuipRliALE T : i f.utilit ontactor 18 is
det ect ed [%%gt.i me %1'3 I n stﬁﬁ%lﬁgog%#pﬁg@%%gt%gﬁﬁf%l {Oé#fi&ﬁf tor 20 can
be used oftha & °@B€ﬁﬂ?§ Podsrcamphshed degnning at twe A3 of Higs drnded in
detail belcontirms uind tizssTH whéi the iopullskctibmofidrBR 16.is AP Ihe 8RGHIKAN 64 Of

not org dri ' i i ' I 3930 bridges of output section 64 are
gated in \gﬁnn%énladgran#ggr%g&%@t éﬁﬁ'{l}é%ah&t @HFYVE%&%‘?““%D?‘PWW drive 14 is
controll e&rqcﬂn&é%%lﬁ%fék%eb’ﬁabmh spgendsp {lbe instaatansousamltdgestmtwvéend i n det ai |
bel ow, t o phaeatdal phast (Wab) sfahebr 20andAht 1B &ﬁeo&@oﬁé&%eﬁeeﬁ%&xﬂe drive 14

of , or

i t peed | at 20. Fig. 6
1 ustra ad Best & (B R doUgla et by it motgncige 44 ad | ©

i nstruct i &Pt Mg metas dungalcileioms) enliteaninenind fishvagprin sawapindisgsprocedur e.

LN ko7 L4nfdednido RS VMO 48787 dik1d VBRI W8P Plddyfitth Bl ORI Ure modul e

36 can be preprogramed int,o a.nenory o ¢ nd 'c utilize
i nstru nenf@‘flﬁgtﬁ&)?lﬁx %r“t%?ﬁ AR 1t MOSor Rl L §210 dnterminstthe arglait es.  The
al gor i t hnfrequeneyptand Burwalut of G6 flus varoMiohehed voRaEes lid) thshtahbi® T2 of Fig.

4 and cogf hliadl tput section of drive 14 is
fired. Thgélata%;%? i%%%e%%ﬁl@%ﬁ?@}%ﬁ c?%“ﬁb&fﬁthin ‘f'ﬁla}tgclek%nd. However
dat a t r anSH@HANR ingmistien 34 using:the feliawing paigtionsn t ake several nilliseconds.
The i nstantaneous voltage between phase a and phase b (Vab) of notor 20
and lfhe i nst ant aneol)sVxed delthex;lagd ween phase b and phase ¢ (Vbc) of notor
20 are detected by instrunentation of notor drive 14 and input into notor
flux cal cul ation 5Oytyg dqilg,{) ipent he flux vector in stator windings of 10
notor 20 due to Vab (F?,u _a gﬂ c?'due to Vbc (Flux _be) in a known manner.
The cal cul at flux vectors are input into nmotor flux PLL 52 to determ ne
the angle, fr E%ncy, and flux value of the flux vectors. Conmand

vol tages, i.e. instantaneous voltages to be applied to term nals of notor
.20 for capture, areogisdhe deptuosl fie@untyy cal cul ation instruction 54 using
the follow ng equations: 15 1) Vx = (oeFlux; and 2) Vy=Fl ux(Rl/L1).

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.




Where: 20 we is the electrical frequency; R is the nit&prisi¥or wi nding
resistance; and L 1 is the magnetization inductance of the notor.
Control | er i)s then preconditioned using Vx, Vy and thgcfiMdgoa68 €
|IIustr§’t°e‘H’4???2F| g. 7, Vx and W are input into voltage reg/HF tion and DC
bus conpensat Cﬂﬁedlﬁﬁ b@ntﬁﬁm‘ﬁcc&ﬁﬁﬁéh@tﬁ g?gengﬁ’l tl%é'mgfé}pbﬁa &'%g{-@n] 60 is

o

I nput |nto ng with

t | | at
the angl e s?aﬁﬁgf'astebﬁs%?algéh%%ﬁ gelﬂ@%%f’wt&ei‘?&ﬁé‘fj a I Etl',"lgr %ﬁ?ﬁl@gﬁnafl‘lﬁ t he
-command veurrend o derdontfhem mgldemodiﬂmorgaodlﬂgﬁsfcgrfeddbac&rlﬂtosmmget 0 switching

br i dges. OfegQlioh bn@BE!HBoifer RicHIARIALED. S@fe&pgzen&oq;ﬁaﬁ to generate a
se wdth

pul s ul ated s ‘i .ving not or

modulat ed '§P tl°|“§“’%1a°\9%‘gglg%‘1e mf?oé Bth @é@ﬁ%@%@%b@ﬁ’é’mﬂ hat induces
a sinusofidaPLEd2rent in stator wi ndings of notor 20 to control the torque
and speed of 30 notor 20 in a knovvn manner. -8 14 April 2005 WD 01/41292

PCT/ US00/ 3296815Gkasedf 1308, oBlhly df iR SR 18 dechiNsig { he mot or

vol t age d curr ac S usl sens or the I|ike,
and deno t??gtﬁ? ﬁ%“‘v‘b‘ﬁ& eghtg eta?t%@n?ﬂwrl@g;c 9%51603 cgndiem wi t h
denodul at proprammakid ietoG@nfrelier 56 @l kache acaérﬁplvyhledi &g@_tghrsew&tahha;!@g and DC bus

'co nsat 5. denpdul ati on are
acggrgrpl [ s%ggﬂ[gr%gig%%r\gﬁ ﬁoﬁ&v{\ﬁg&(ﬁs E%J %Igcgoas q‘?a?e%l% tor flux PLL
52. In st@pgnitugde, i yoltage, of ﬂf@eBbbﬂDrﬁgdmotqnﬂumR@L %mm@edw i s det ect ed.

E' g. g | Hbweier alias tificy %dihﬂicfor%@ﬁeﬂs%?ﬁe&ﬁénc&@ﬁdHﬁéﬁﬁfd&%ﬁmeﬂ?%u%og' thf "
ig. c a 0 er acconpli she roug
separ at e%?%&ﬁésg%m ?t‘gf &g%ﬂ ffoéeﬁ'%aifﬁr %F‘Eﬂ]én"’l‘%‘hand 18 are
cl osed, tHrandmetorfieyPlhd2 Cmm$¢M6t¢cIepem0ﬁgﬂmmfl$l ne PLL 70 and

mot @5 T 1 uxidPhitiva®, MRorTREF1§S2 cHPVSYR] pled’\QﬁB.LErﬁ? o%uteocg'ffﬁ line8 OPpens,

the frequency and negnitude of notor |nto dl’lft
Accor di ngPyn 'F%WW@BW@PH%@IS@@%@SV@MS pH{Peanpll cag be seido hot or 1 ux
PLL 52 capy pg used to detect opening of contactor 18. 15 Alternatively,
not or fl ux PLL52 can be sanpled and used to conpute drift over tine.

As illustrated in Fig. 8, the output frequency w1 of motor flux PLL 52 is

subtracted from the output frequency w2 of line PLL 70 at summiﬁg 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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to indicate opening of contactor 18. In such a case cb‘FAiPEH%QﬂS(t) and cat
can be set to be cal (t-1). As illustrated in Fig. 8, the output frequency

cal of gp&}glrm%hux PLL 52 is subtracted fromthe output fpreRIsROENeEa2 Of
| ine PLL summi ng junction 80. The 20 output of summ ng junction 80 is

then fil tenedtddypén siged ishnérate@! THE Bape: JTRbRS ﬂ%édﬁ&d%@ﬂ% uPfo the filter

i.e r c bet nt e frequenci es put by notor
fhux b CBEafhdo BEe ffﬁn%t%%“t?ﬂﬁ% PRI T ity coRdster Gham S e eshol 0 T
by conparmescags, the frequmcyfmquemytsdmﬁchrfesmendlsatgr didveavet, iimtheThse a utility
cont act oroflﬁ-@@&eghgﬁ@] lohds, gﬁ%[tgéee& (ﬁ%ﬂg&*%lh d fiBeCAN be incorporated into

e

the logic to allow for 25 a full str e contacts inutility

contactor 18. The aI ue er m ned m)nl torj ng operating
condi tions of ﬂt?& pFé?%? "r‘i’;@ @Ftét"? | S{Ate 8®nertial |oad
t her eon, capusty p@@ednrd and peesnnditions the ogtpitrofat metohddantd ingdtdhytht Iternsiaste speed
after opapi gm@%g@chpﬂu ]rﬁann ove w il be
i i st ooy F“mux 3Fpuid ety 4ARLY A

ineffecti ecau% I@B t or openl ng of
utility OISS%?ePi y the| cqyient distucpances {hst arg geneyated 12 put by
mot or PL Lcoﬁ@amnhai “emké befor badakd captive wHiRtavbRlingtHepae %andefeiaEIBndl nertial

| oa A 1 L.52 is
subt?Or A C:Agﬂ r?lg%ﬁ]ﬂle%ass&hﬁ@/&ttﬁ Qt%gfctén#a.?‘l‘grgﬁ(tl?e? g%%% %P §Eﬂ'}ﬁfshg i uncti on
86 and t H¥sqdugpreferrgd Efah?fhmé@ allgpvs wettmmellcﬂ mQtObginwmatO@:er% If the
resul t i slrigeedigy cdnkrdl schemes dikerdhdn vollt¥ pedhek?, OWelabpiZdQr MR E1/ 41292

PCT/ USQO0/ ?@?@g Icont actor open signal is generated. The output of

conpar at & O%nd 84 are input to OR gate 90 so that either condition
will generate_the utility contactor open signal. In nost cases, the
frequency conmpieimsAtionscan baapmliedse eey tyipeof davausingvewevcontral or atye case  of

| arge ”E‘ébﬁtfbl@dietﬂmﬂé‘rtha{n%ity PIRES. VAHBR 4SSk bdn %%E@ﬁnt&'iculée't can be
seen t hat % i Fl'gfe”e .enbod a;l?g:ent detect not.or states during capture
procedur & g (€Zo)a e w1 ot b@t“]?ﬂﬁ-‘fpedt g meghantsn ¢33 bediSed ¢ he

t er m nal suchgistcagtectofs, mhruah®witehes,Isolid btas: swdtches or théilike1oTlrposwer be capt ured

very qui gidnty @z{ntl?crof%n H@'eléuEIYaﬂ?.\?h%%s,ia éeg&%r aﬁ%ﬁtﬁfﬁ%@g&# Bcurrent

di st ur bance? ner at ed con r eak'
capt ure YR 05 £ aiqus ﬁ%od% caihbe sparetn hagrdveare Qsoiiies omeant | es
assHxi at éel 1mplbinemedu£mlhglaah1t BoreakmbR{ 8 s@glakieropforpdsuf based ocedures. Al so,

t he pr ef eortfef CRL PREmAleh QiR HEGHRus GRS TR IRLRY (AbbYiSRn: OF 2NY

ot he
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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drives using control schenes other than volts per herl4Apiab2M5 applied in
transfer applications. The invention can be applied to any type of drive
usi ng vector control or any 15 control schenme other tha hert z.
Var i ous WA Y6H2Phns can be used to cal cul ate and apply thgc)gﬁ}esé@%zgﬁi on
vari abl eswrXy 1$ YRATMEDFIE: t chi ng mechani sm can be used, such as
contactors, manual switches, solid state switches, or the |Iike. The power

supply can be pf an e SUCh: as suppl ins, a generator, an

uni nterrupti blfe)' pom‘/)e(rn;eﬂégggﬁsym cB"rngtaHéi)(i?F%@ggerH@W\?%‘H?%@ﬁr?H&iﬁP@é’efcan be
separ at e aPHGRdPover Bomawaive seid roetho®oryerisimptheseps &l as a single unit.
For exanple, a single mcroprocessor based controller can be programed

with the various rmuplas thd bep@dFaehiveth sRedhdmMe, Utilizes a notor.

However, the invention can be applied to any AC nmathine. Wile the

f oregoi ng descri ptj I etall s and ecifigjties, it is to be
under st ood t hat ”#gggolkg%{eh‘éggééﬁﬁ?lﬁ}é? %?‘?W"Bﬁf%éﬁ’é’e&wh@%?anati on only,
and are 29nkgkpreesdyee qthar dhapaaiolts perchertziepntzeliposredin; t he present i nvention.
Many nodifications to the enbodi nents descri bed above can be nmade w t hout

departing from the sappling clevtcal S6QRAcPHf thBAC RY&@HRd. 0N, as is intended to be
enconpassed by the followng clains and their |egal equivalents. 14 April

2005 WO 01/ 41292 : X - 00/32968 1. A t hod for
swi tching an AC n\é\?ﬁi&r}gg‘éet %gﬁpgéo%t}’ggg%nﬁftﬁ FVOI@BHF@E;and power from a

dri-ve, said nethod c%)%r}grisi ng the steps of. coupling the output of a drive
to an AC machi ne, %Thf’ifﬁ‘?guqnﬁléoﬁ'@“ e deveptieHiranater feqyeaey of the drive
utilizingahme; 5 control procedure other than a volts per hertz control
procedure; sanmpling electrical frequency of the AC nachine; freezing

vol fgage out put by thgrdiidoMfe Bl %M@&gﬁrmgg#g&ggem%mgg ezing the

frequency output by th rrve a transfer trequenc & control li ng
t he out pﬁodgpsmgéhecgqm;igr FUSBEOYAUE & the transferyoliage wabletaagaeferapdes usi ng t he
transfer frequency value and the transfer voltage value as a reference;
synchroni zi ng t he suichionizirfg théveutpnt afehediivet a8 LGBt 005 pBwBONPPIySUPP! Y
after sabflCont doftrbiing sisheP:

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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coupling the power supply to the AC nmachine after sai Mé}’ﬁ%%ﬁ’%ﬁni zing 15
step; and renoving the output of the drive fromthe AC machine. 2. A nethod

as reci ted 1.0 ﬁ aiml, wherein said renoving step conpri $egusebaeshg the
drive i A/t mode. 3. A method as recited in claim1, wherein said

renovi ng step ZonprAs®ghod3er M&Qﬂi@'dﬁﬂ%hﬂ@h@b‘%&%e@ﬁo&&%@% {yomthe AC
i Al chine is an AC

machi ne. t recited.in claiml, .wherein the

ot or . S&Rp%@d% a§§§%lca’| eq 34 T@P%Tp%tg?ﬁt@% ‘quasi - vol tage node is
a voltage follower node. 25 6. A nethod as recited in claim1l1, wherein

sai d step of the ACOYBEM #eoutpit of 2 pewersupplytoan AGrmachinego dugelthee. - 11 14

Apri | 200AC\WExdhirdeAtizPille BEHHUIEFARY Sd 8upply;A et hod for switching an AC
machi ne between power froma power supply and power froma drive, said

met hed conprising t : i RA~QUL put Q awer supply to an
AC rrgchi ne to dri ve&’tg E@gg%%u?éa‘%ﬁf%gﬁ% @%hfﬁg% tmﬁ’ftﬁ? H‘Evep’&ﬁé‘r supply; 5
coupling ’éﬁ?%?;put of a drive to the AC machine with the drive in an idle
state; uncoupling the output of the power supply fromthe AC machi ne;

det ecting operati nglnsmlqﬂiﬁgﬂ&fomﬂmoﬂﬁe@ﬁﬁfbismgplyrﬁcﬁﬁﬂiadi@ LBhiRg the output of
the drive to correspond to the operating 10 states detected in said
detecting step; an Jid 1€ P f..the drive based on said
precondi tioning st éhg&eﬁg&ﬂ,&kdr?&?ﬁ%gﬁggu{ree}ﬁ g‘i l|§1‘lr;l1’ claim7, wherein said
detecting step conprises .detecting the instantaneous voltage between phase
a and phase b of t FECRRIHRMIAE ﬁ’é,ou%B‘éPg@Fidﬁﬁeiorf@“FWéFﬁ@ﬁ@Bmh%l t age

bet Ween piewesalekectxddn pdiddeteatingfstephandAC nachi ne, 15 calculating flux vectors
of stator wi ndings of the AC nmachi ne based on said detecting steps, wherein
sai d preconditioni i : 1.0 .frequency, and
flux value of the P?ﬁ}ﬁl@%cﬁggg?han %@?ﬁ%ﬁﬁgs%%g@%fﬁgascs based on

t he

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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flux value, and wherein said controlling step conpri sEsApBhE¢®5I i ng t he
output of the drive based on the command voltages. 20 9. A nethod as

recited_in cl 8, wherein said step of calculating the ol t ages
ﬁ,ga{“I Sdi‘?@@ﬁ%sb’

IS acco ? n accordance with the foll ow ng equatlon

(ve) (Flux); andowhenem t%édé@)’ cleddl iH%é1 al frequency
of the notor enf; R |g t he rgt at or V?Aslﬁ rﬁ%’%‘é‘?ﬁesjf‘g:n‘%:‘%%é” ?%AE(:: machi ne;
and L1 i 99 magneti zati on i nductance of the AC nachine. -12 14 April
2005 WO 01/41292 PCT/ US00/ 32968 10. A method as recited in claim7, wherein
the AC machi nells aA m@hedasxecitetilin climg whetemsaideotraliing stepl ai m 7, wher ei n
sai d cont ggjyl hg@ ShieNinE AR BILSESE th he drive usi ng

BhEAling BTBLpAESE 9&&6@%‘11&?%5&%2 cBﬁﬁog'ﬁlI'ocg& L)

a vector control proce cite noclai im7, wherein
sai d ;step of upgouplin e asvmtchl anism 13. A
met had as reci g %P%f%l#ea @ﬁn 0 ‘T’rF’éllsﬁ’&Squ? Zdet ecti ng
sai d openpmgplsseeppmMSWMMIdem‘smof det ecting operatl ng states. 14. A
nmet hod as recited in claim 13, wherein said step of detecting said 10

openi ng step cwprIAQﬁet&mafeaﬁqnmﬁnqgfﬁﬁh%ﬁlfph%g@ge;s M%J]@fs‘feée%ﬁgfncy at
u

termnals _of the AC nmachine ndtngre uenc with a
or edet er nfPHE PG TSR 2 5rid glem of det SPERERGIRPY t he difference exceeds

the threshold. 15. A nethod as reC|ted in claim13, wherein said step of
det ecti ng sai dl4. opeﬁlmﬁjhcs-’t@pemtsdpmclamlﬁzoﬂmnsegdsﬂapoﬂdété@mgrsaxd bet ween t he

vol tjage aZ%érﬁ{gHté}ﬁéo?nﬁfse@&dﬂﬂﬂnﬁﬁe@ﬁ'&bﬁ@(}ﬁ%eﬁr&?e & ﬁtgrea rm?ﬁ]fsf power

supply wt eneratin sl gha t he

t.erm ned thresho
di fferenc @96‘2{3&9 prAandiheEeniency o eﬂp‘ﬁiftsﬁbﬂyé% raéli?cif‘éfﬂmm?dcl aim 14,

further ctmgshokliand gerbedtingra signabif tieedifferencp ioeads e thieghdlér m nal s of the AC
machine with a notor PLL of the drive and determ ning the frequency of the

pover supply wW4.h alpdtfodRs reded t'Qa 1Y Svherein 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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20 17. A method as recited in claim15, further conpri4$AREl20% ermi ning the
voltage at the termnals of the AC nachine with a notor PLL of the drive

and de ] the voltage of the power supply with a Ig#8dgbkases t he
drive. },gégk%hg%par atus for switching an AC nachi ne between power from a

power supply and poiesnsffeOmdedi OfreflichMEnGRITDY 1R &g ﬁgﬁ&gﬁ% for coupling
the out put, ﬁg a drive to an ACI:ngn%chiﬁj(’a,ésen%ans él?é{:}gﬁtargg I'ng The AC

machi ne Wl?1 the output of the drive wutilizing a control procedure other
‘than a volts per hertz control procedure; value; neans for freezing voltage
out put by the drivemginsfonqoanelliag theorutpiyof theatrive ingeeoida®@OGHND 01/ 41292

val ue; PCahddS061ia32 2fode NEAH theftRinstef 86GIcHSy V4 irqugé'ﬁﬁﬁferg%%étvanﬁ the drive
at asfreq&ei"@fcmg%gns for controlling the output of the drive in accordance
with a quasi-voltTage node using the transfer frequency value and the
transfer voltage value 5 as a reference; nmeans for synchronizing the

out put of the driveneasd fersynchaenizing dfe quipt nbthe sripphnd thepatpat 6fw coupl i ng

t he powerpswdRlpply;0 the AC machine after said neans for synchronizing has
synchroni zed the output of the drive and the output of 10 the power

supply; and neans f i the output of th rive fromthe AC nmachine
after  said neans f%éra?(%_géﬁﬁéllglgh@%_p%%ﬁﬁf’%y f%%’eg\&g@?_ chigg; FS6 the AC
machi ne. meansfor ypplupnizins bassynelwpnized the ovtpat of th8 drivierdehaompirbfmeans f or

rend@i ng thé powed sugslyn@ans for placing the drive in an idle node. 15 20. An
apparatus as recited in claim 18, wherein said neans for renoving

50 an"appar atus aduehas Y B e 18 cRleBel R ke Fomids R mBienet s an AC
" notor. 2xaidaneang feircauplinghies ceupledsthie power supply 18thevk@nakline.he quasi - vol t age
node is 20 a voltage fol |l ower node.
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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23. An apparatus as recited in claim18, wherein sai di48ar5240r control ling
the AC machine utilizes a vector control procedure. 24. An apparatus for

switchin machi ne between power froma power supplpe@ishoRsgr froma
drive c&gﬂspéﬁ%g: 25 neans for coupling an output of a power supply to an

- AC machine to driveehiddorncotslitigitBe Bhtb driRR fowep Wippdf frbanPRYEr supply;
nmeans for %Q#B%I ng an output of a drive to the AC machine wth the drive
Sta

inan id& ’e; -14 14 April 2005 PCT/ US00/ 32968 neans for uncoupling the

out put of the power supply fromthe AC neans for detecting operating states
of the AC machine; meidordstechng epaiaiing Satesnf thhACamadbine; of the drive to

correspond to the 5 operating states detected by said nmeans for detecting;
and WO 01/ 41292 macheas; fongecmditivhingahé sutputiof theldiive dolbdietispid thiigs dri ve

based on g&r%g%g%%oget ?eld% STR3L ?erg{eﬁ%?g?gééi oni ng. 25. An apparatus as

recited inc erern sai d neans ecting conprises nmeans for
detecting the instantaneous voltage between phase a and phase b 10 of the

AC nachi ne, neans f@Fa‘B@?’é@PFﬁ]&HS%Fqwaﬁth&ﬁéﬁﬁbmépﬂ&g@thvﬁﬁéﬁ phase b

and phasengamffoi precad@itioaipl ne, nmeans for calculating flux vectors of stator
wi ndi ngs of the AC machine, neans for determ ning the angle, frequency,

and f1ux val uexpl tagapdd XS6LA T cEOEIh-0A) LifBANS: DheRLEGONT i oni ng
conprises nmeans for calcul'ating . comrmand VoltageS based on i etm1gl ux val ue,
and wher efOmEFEEHMEEREIAr detscting Hiedpstantengousvalisap between phasea aadphasoht r ol | i ng

t he 10Ut pusf tak At{lﬁgdﬁrizeymeah%%ﬂd@&tﬁl@ ﬁl&iﬁé’fmg:oué/%lfagg lﬁ&weglgpl?tﬁe bAN «'atlcnoaéI atus
as recite ¢l ai tein sal ans. calculating .the comman
vol t ages %ld: eecsoﬁ%%]ip&fl?c ehﬁle%rlftfgf %%qﬁng&fm_: V(’@B@)"?ﬁt"&ﬁ)"‘f“‘&ﬁ%ﬁ W = Fl ux
(RI/ LI ) ; ofthe A& 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 <p the AC
machi ne%@ﬂ%&: nmotor. -15 14 April 2005 WO 01/41292 P%ﬁ%@%gw 28.
An appar at us a28.r ecAh epparatucisrediteddn chlie DA whesdth dail Bt fo? bobRMidL! | 1 N9
conpri ses s outnut .of the drive using a ctor
control proce %&g&sggpgiﬁkg%%tr%tg ﬁtsoug%fqﬁ%%‘fee‘lf"f% %ff"&?rﬁ‘i"ﬁ’-’? wherein said
means forPOfFRBIing 5 conprises neans for opening a switching mechani sm
30. An apparatus as recited in claim29, further conprising neans for
detecting oper2fL.i onAmhppmeitas d¥eecited fEiaiP &4)Wiftrdl b8 nid@ns@F Gn@REAA | On Of
sai dgheang, sesﬁ@ﬁrﬁ?%ﬂ%nﬂx@%rs@ﬁécgﬂ stafes. 31. An apparatus as recited in
' an et 8¢t

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 us as recited 1n claim30, wherein sard neans for
detecti ngdet%én%%a |%&1"ﬁ%sc')rrpri ses 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
he, second switch nechanismto

coupled to t first switch nechani sm and ]
control to th 5‘f ir gs[n APBALRS ?%Wcﬁﬁw&iﬂ‘@%%aw ereiesaidapeay ferdetesingrechani sm t o
sel bt i vepsgradeugstmeprishemeas 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 controlier 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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machine to the utility and the output section of the HAvEl 2% d net hod
conprising the steps of. detecting the frequency at term nals of the AC

machi ne; . and. geperating a signal indicating the second swdGtisggRedsgni smis
30 open ‘Easeé on said step of detecting the frequency. -16 14 April 2005 WO

compr ot ng. gy ot ;5‘9‘? ot e S O, K B kg e L o
generat i ngoa ieagt"lea | n;(})l%(% ﬁghdx'ﬂ% eéaé’éond switch nmechanismis opén based
on said step of detecting the voltage. 5 35. A nmethod as recited in claim
34, wherein said st 8freEHingasignel indicating the sesqubswijchovenbanismds ogner ni ni ng t he

f r equency batedoheaitatepiofdbrctify thbioldgemachi ne  with a motor PLL of the
drive. 36. A nmethod as recited in claim35, wherein said step of detecting

the svol tage cegpri 0] e.yoltage at the.termnals of the AC
machi'ne with a%'?o %quti%tg L’%Lrg%l d?‘%@%?%ﬁ&’hﬁggmﬁéﬁtﬁﬁgéﬁm ted in claim
33 wher ei fequsney Sraprisss detemaining ity frequencyrag thedermyindpofthe a&Smachipsar i ng t he

di f f er enceithatm@erPLher fheeguency at termnals of the AC machine and the
frequency of the power supply with a first threshold and said generating

step conpri ses,gene | .shanal. if_the difference.is greater then the
15 first thres?‘u%l d._‘&%%ﬂ?‘% %L}g%%g%éé%g’t rql%sad‘fgfwgqﬁte‘iﬂﬁéﬂ}ﬁ n said step
of det ect Yoitpee pempsjsss defganiaingpihe yokiage atthatérminalhef the ACemevhire: Yoih ween t he

vol tlage admotor PILIvTlise dfvet Ne  AC machine and the vol tage of the power supply
with a second threshold and said generating step conprises generating the

signal of the gjffe e.s greater .t he. 20 secqgnd threshold. 39. A
net hod as recit'ed i[%_g%ﬁ?ldrﬁsé ftemﬁl@fnrﬁ%g‘ﬁf‘ﬁmaé?‘géﬁp %?W&?Bﬁpri ses
sanpl i ng feauesqyagmpnisss comparing thediffererics befwech ehe/fequandyiab exnailse d
gener at i e ACRacHE NI BEFERA ' ' i | ed.frequency
changes b ea j.h?%shol d .arr%‘gﬁt%@gﬁ?@%&ﬁgﬁu@éﬂ%&la&%ﬁgﬁg’gﬂfg%éted I n
cl ai m 34, BRABHRS FOR SAIEPTHES EXIeratys SReayerpbifithe diffsrenesingraateg thendhe/ ol t age at
t he 18 er i firaf threslioldhe AC nmachi ne and said generating step

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 vol t agtt 8REhYEY by a
threshol d anbunt over tinme. 41. A switching systemfor switching an AC

machi ne %gﬁ power 30 froma power supply and power bE@Risgo/shossve, said
system I'ng: a power supply; -17 14 April 2005 WD 01/41292

PCT/ US00/ 32968 a drd driveltaving gn aiitp@Lkeptidn @Gk iRkt setioA aidiRpit s8Qfhi on, sai d
| nput se ggq | said power supply; a first  switch nechani sm
coupl ed fﬁg along’:S?%aa?@gg‘%%%gé@y,a second switch nechani sm coupled to said
power supply; an AC pachine coupled to said first switch nechani smand said
second switch mec SSHitch mechanissm eoupladete seif optput sestignicoupl ed to said
first swtch nechanismand said second switch mechanismto control to said
first sw tch nechanriscomdneishnmdchatapeuhphedith edid pewbsapply) t 0 sel ectively
couple the AC nachine to said power supply 10 and the output section of the
drive, said controlhelc haling QREAL Y& he AC
machi ne wi th the ou%ﬁut of the gri ve V\gg%tgﬂga{?llﬁ%ﬂ%ggﬁsa?@%%ﬁgc Oélﬁi smis
cl osed af¥ERMECRBRIHA i t ch mechanismis open utilizing a control
procedure other than a volts per hertz control procedure, to freeze the
vol t age out put by sabuotralier uperatively cauphdsé e4id fiedt swizeh medhagismaind to freeze
t he out pybidR¥ecndistiidh beEhak t f Ll ue based,, said
Yoohtsb X stn?to coftll'ts E?EEfﬂgﬁgg%&%&#ﬂpu (l'ﬁgldsgl

controller a bei n perative to conir sard drive in

S0, ) ! .
accor dan&&oRf SHitelhmechagipgto sglertiveljecayplethe Afamachinede sxid pewersypplyal ue and
t hel@ r anahéthe dutprn sectioy of the deive)Said corkéllee BEiBg bperh@d tbichitdl thydpedd oni zi ng

the outp f | ChydL | ut ,of .satd power suppl to close the
second S\l?\n}.%hgﬁq(?m(?g}gﬁlé %&t@?c &Jﬁ I%gthga%ltrﬁ © w&SE\{g}fa%ﬁtpstg?\ﬁ CE%%X&C nmachi ne
af ter t helosed pod said sepandiswitehuaecharismlisopsntysilizingfa coairel pPoregumethes uppl y have
been syngiheniole ﬁ_er e chtrdl PRReAUE N itereaHD VOB Supyt BHéaiPlirivddd drive
from sai 8‘8663 ma? Il ne. 42. Afgwt hi n&’ system.for sw tc{n Eg an AC machi ne
bet ween ¥ v tﬁ%‘?ﬁ’ﬂueﬁ%ﬁo el%‘b% outyt %b d‘FYeo?ﬁ‘aaFa&F FYHCILEEY] system
conddr i si Mglue hassdwesid sorpplllps al&Gbeingiopevaivhaw torgrohtheautpmtidf stdrverinand an
i nput  segddofiincSRitH thePdllasiSRittalOiking 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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bei ng coupled to said power supply; a first switch nethaprit29®oupl ed to
sai d out put section; a second switch nmechani smcoupled to said power

suppl y; chine coupled to said first switch mechany id
second @ﬁo@%z%h mechani sm and -18 14 April 2005 WO 01 ﬂg%s?ﬂ&ﬁé‘

PCT/ US00/ 32968 a cardonfiblie@opepsved¥ totpled 16 AR stvitcl AlethahishsingsWi t ch
rrechanisrgamg J .SW1c chanismto control to sald first switch

. mechani sm and. sal tcgg‘gegﬁ%“%%‘%?ﬁ“ t8ﬁﬁlaif€rf‘ﬁ%t° Bieehanispnd @ilipl e said AC

machi ne tS8cW;sivitsh mechanigsptoselegtively edupleoichAC mmbinednsaid pswerdsugplyve, sai d

cont r ol | eihd & R@tpRPSIctbh ¥fsalddrble0S8d Sctitdller &%ﬁrﬂa&%?ﬁgo%ﬁgﬁm:ms ;io 4 AC

t.put. of i d |y to t
i e eeBHied ieafief ©Gm gB Rt chsoid pora oo BeAG {11 ot ow t oh
(rjre_c hani smachingde dive said 4Ctmpachinefwithethel ouliputvef shid powietisudplyra@hiiore syt h sai 'dd
f. - .
rive in fR& sWitck nitkBidnfom ﬁﬁdoqﬂlﬁ%foﬁﬁé\{ ﬁ]sa?d %ﬁ'ﬁ&? %agg As%gﬁﬁrfﬁif?l S %ﬂ pen sal

second swi.tch hani sm to nco;{; Ihe out : ply from

sai d AC HEVAIMR 1diestate saidicantroliss alsa being operativesto open suidiseaondrswitdine, to

pr econdi tieshartisme touicouple dic cutpd ofl§did fowet supsly HRRPRRFALidRfmedRt ect ed

8 P:{:Og; Id P?th%tlao;pgﬁnﬂg Ctafel of 44 A0/ ngcr}]l?nef)%t ﬂjrgéonglﬁorsl ?l;edou%l.{t of saig 3?139 0" ! he
correspond to the detected operating states and to control the output of said drive

based on the preconditioning.
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