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BACKGROUND OF THE | NVENTI ON The invention relates to switching of an AC
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synchr onouother pasteosupply Gernsynetiranizingathe \phasstand rmdghtudei dfethe oo pexanpl e, in gas

turbine sLAbhG windhtthd feed fbr YAELAR Serbd;equency nmotor drive is often used to
bring a generator notor up to a self-sustaining speed at which the

generator not ent |,y. wi t ched, 1,0 s |y .mains. | n other
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For example, in gas turbine static starters, a variable frequency motor drive is
often used to bring a generator motor up to a self-sustaining speed at which the
generator motor can subsequently be switched to supply mains. In other applications,

20 such as variable speed fans and pumps, it is desirable to achieve variable speed with a
variable frequency 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 switch the motor to the supply mains to continue operation.
Similarly, it is often desirable to switch a motor from supply mains back to a motor

.25 drive for slowing the motor down or otherwise varying the speed or torque of the
motor.

It is well known to synchronize the phase and magnitude of signals from

- supply mains and a drive to accomplish a “bumpless” transfer. However, known

~ techniques for synchronization require an external sensor for detecting zero crossings

30 or magnitude and phase of the utility. Of course, the use of an external sensor
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techni-ques for synchronization require an external sensor Egr ngﬁgting
zero crossings 30 or magni tude and phase of the utility. OF JB r'se,” the use
of an external sensor -1 25 July 2006 increases the cost and conplexity
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differences further conplicating the system U. S. patent 5,587,474
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utility to derive a characteristic of a signal at the AC machine due to the utility.

A second aspect of the invention is a drive system capable of switching an

AC machine between power from a drive and power from a utility, said system

comprising a utility, a drive, an AC machine, a utility contactor coupled between said

utility and said AC machine to selectively couple an ocutput of said utility to said AC

- machine, a drive contactor coupled between said drive and said AC machine to

selectively couple an output of said drive to said AC machine, a controller operative

to detect a characteristic of a signal at the output of said drive due to power from said

utility when said drive is idle and said utility contactor and said motor drive contactor

are closed, said controller also being operative to detect a characteristic of a utility

feed to said AC machine and compare the characteristic of the signal at the output of

- said drive to the characteristic of the signal from said utility to determine a
characteristic adjustment.

A third aspect of the invention is an apparatus for deriving characteristics of a




are closed, said controller also being operative to detect Z%J%Bpi gt eristic
of autility feed to said AC nmachi ne and conpare the characteristic of the
signal at the output of said drive to the characteristic of the signal
fromsaid utility to determne a characteristic adjustnment. A third aspect
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© pref er r ehamasisostiaond atsiganldt thee\C winchivierdye tanthehiilth: Fig. 1 is a schematic
illustration of a drive switching systemin accordance wth a preferred

- enbodi MEBRIBK DESGRIPTIGN OFAHEDRAOWINGSS a flow chart of the procedure for
"determning a scaling factor and phase shift for synchronization of the
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det erm nati on sub- procedure an e Sl g Tactor determ nation

sub- pr oc@a%ﬂnénbwh’tcgfe preferred enbodi nent. DETAI LED DESCRI PTI ON OF THE
INVENTION Fig. 1 illustrates a drive switching systemin accordance with a
preferred enkigdiisendchenSyis tikusrdtibn ¢fcd GRS sveittple)systan s adodrdance. , a
utility): . . AC power at frequency f, variable
frequencvﬂ%\%:ﬁ%%%n%?e[g‘??@g&ﬁ%thggﬁl\%/%ldgﬂt put contactor 16 (serving as a

swi tching nechanism, utility contactor 18 (also serving as a swtching
mechani sn), ai@ #itoiow ghart obhe Arocrdrn foredeterpiningp walinga@aof At oper at i on
of cont gitagr shifil Br syidhrbhization olf the pestért«dl dndddinens el ecti vel y couple notor 20 to
a utility, to nmotor drive 14, or to both. Controller 21 is operatively
coupled to

Fig. 3 is'a flow chart of the phase shift determination sub-procedure and the
scaling factor determination sub-procedure of the preferred embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 illustrates a drive switching system in accordance with a preferred
‘embodiment. System 10 includes supply mains 12 (i.e., a utility), a source of three
phase AC power at frequency f, variable frequency AC motor drive 14, drive output
contactor 16 (serving as a switching mechanism), utility contactor 18 (also serving as
a switching mechanism), and motor 20 as an AC machine. It can be-seen that
operation of contactors 18 and 16 can be controlled to selectively couple motor 20 to
a utility, to motor drive 14, or-to both. Controller 21 is operatively coupled to
contactors 16 and 18 to control the state of contactors 16 and 18 in a desired manner.
Controller 21 can be a microprocessor based device programmed in a desired manner,
a hardwired analog logic circuit, or any other mechanism for controlling contactors
16 and 18 in the manner described below. The preferred embodiment also includes
transformers 22 and 24, and generator 26, as an alternative utility. Switch 28.

selectively couples motor 20 to supply mains 12 or generator 26 as the utility.




contactors 16 and 18 to control the state of contactors 1639&3&% iln a
desired manner. Controller 21 can be a m croprocessor basé& Pee
programmed in a desired manner, a hardwi red analog logic circuit, or any
. other mechanismfor controlling contactors 16 and 18 in the manner

descri be I The preferred enbodi nent al so includes_ _t sformers 22
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and 24, a ator 26, as an alternative utility. S sel ectively
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by operating switch 28 under control of controller 21 or manually. Assum ng

that supply maipn 145 I 1t 28. W ll he placed in the state
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drive 14. .for F%%ﬁ%ﬁﬂl ta&e (L:ft ec%ﬁ?%\r{ﬁ% %gﬁf&%ﬁ[ﬂlgfigghﬁe%? ten provided
to noni t or YHEG Y (FEUAHYF PridguerByten B i iscdetarpprey if mepndrivedt itour se, the
drive nustidisd.ci iginet genetatingsin ohpuissisnel amidf Moot &pe Iathas foputl IPsurdep  begi n t he
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instrumentation is often provided to monitor the voltage and frequency of the supply

mains. Of course, the drive must be idle and must have source voltage at its input to

begin the procedure. Therefore, if the answer is step B is “No”, the procedure returns

to step A 1o reselect the utility and correct any other anomalies.

25 Assuming the answer in step B is “Yes”, the procedure proceeds to step Cin
which internal instrumentation of motor drive 14 is used to detect if the DC bus of
drive 14 is fully charged. If the DC bus is not fully charged, closure of contactors 16
and 18 could damage motor drive 14. Accordingly, if the DC bus is not fully charged,
the procedure returns to step A to reselect the utility and correct any other anomalies.
30 Assuming the DC bus is fully charged, the procedure proceeds to step I in which
drive contactor 16 is closed, if it is not already closed. In step E, it is determined if
the motor can be line started, i.e. started with utility voltage, without damage. This
determination is made based on motor ratings and load in a known manner. If the
motor cannot be line started, the motor leads are disconnected and this is verified in
35 step F. If the motor leads cannot be disconnected for some reason, the procedure
-




25 Assumi ng the answer in step Bis "Yes", the procedure prgc_:[eecig %o step C
in which internal instrumentation of motor drive 14 is uséd/®¥ 24 ect if
the DC bus of drive 14 is fully charged. |If the DC bus is not fully
charged, closure of contactors 16 and 18 coul d damage notor drive 14.
Accordingly, if the DC bus is not fully charged, the procedure returns to
step A towoageizect the utility and correct any ot her arnmorArSe®s96930 Assum ng
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passing through transformer 24, contactor 18, contactor 16, and any other
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utility c 0 riv c%ntactor 16 is
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i s recei vedntattoStedpstep Kt he utility scaling factor and phase shift are
determined in step | and the procedure ends by opening utility contactor

L4 in step J APfk JikiEac OB AL REestf ahdpSliGh ! fofae%rﬁéa#y Bhds@t s
sub- Bb ocedﬁlﬁes d scalmg ?actor respecuve?{?) Jln step A ofe su%[pﬁgjcedure J1, the phase of the
input signal of motor drive 14 is detected as a characteristic using existing
instrumentation of drive 14. For example, the source phase locked loop (PLL) can be
used to determine the phase of the source signal in 2 known manner. The source
signal to drive 14 is the signal from the utility, supply mains 12 in this case, after
25 having passed through transformer 22 and any other components in the circuit, In
step B, the phase at the output of motor drive 14 is detected as a characteristic using
existing instrumentation of drive 14. For example, the motor flux phase locked loop
(PLL) can be used to determine the phase at the output in a2 known manner. Note that
motor drive 14 is idle, i.e. not producing an output signal, and thus the signal at the
30 output of motor drive 14 is the signal from the utility, supply mains 12 in this case,
after having passed through transformer 24, contactor 18, and any other components
in the circuit. In step C, the phase difference between the phase angles determined in
steps A and B is calculated by the controller of motor drive 14 and the resulting phase
shift value is stored in 2 memory register of the controller in step D.
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exi Sting. lehddt1BNlghPBn8cofhdutRts Hthe B XATR) @ e iSR! OF eCT] O

circuitry determ.ne t S t e | nput

known mnﬁgﬁageﬁ“ﬁeéeqn{’ﬁﬂlfn 9Py ﬁeﬁng:B F@%&Tw %c‘{”ﬁ@ 1°§|° W&Torfl?tﬁ#t he ut| I ity,
supply 5 ﬁadﬂnsr@munmsqahmgsfaﬁa@éswaﬁn@a meamiynggiptersafdlgk ctohtrmil.wghl gtepansf or mer 22
and gy ofther conponents in the circuit. In step B, the voltage at the
output of notor drive 14 is detected as a characteristic using existing

i nstrunent ati OEc&Ibéjs&Eﬁ/&atg}ﬁe 5 mg ﬁ&?ﬂplcﬁcﬁactéﬁﬁc%%etm X&pﬁrﬁ&%nmm toring

ci rcui try e use a known
manner . pthﬁ"a‘t" Fiyeagrbedissd o it&mi“geﬂ‘ﬂlvéta&e."éﬂmr’mmBf'@&@é??\&'c’@n 10 out put
si gnal , aldt# wiliydascdden shegoitdgeat the inpuiciityidr deife IMdsdgngdhs battpohdnté i t he si gnal

I rom the et éitdultVare slupett:a\ﬁ éHi'BrSuﬂx?arl y1 i smen%é i€l E}ﬁvactag Rassed t [" Orgh
Lo R B B e BB s gfaérl%% el S, oL 1T
“cal cul at efomythe H‘@llttcbmed@lllfhﬂrpl&ﬁe sngleoat thiy inpat dfmotemdtived asdengl 4si ng scal i ng
factor iscehmheds inthéciraiiRfenot ERinsdder Abrdira®, 6RuRithOichBle faftosi@P 15 D.
phase difference for a particular system are determined and saved in memory, the
switching bridges of motor drive 14 can be controlled to provide an output signal that
25 matches the voltage and phase of motor input due to the utility merely by measuring
the voltage and phase of the input of motor drive 14 using existing drive
instrumentation and adjusting characteristics of the input to derive characteristics of
the utility. The drive source voltage can be multiplied by the scaling factor and the
drive source phase angle can be added to the phase shift to determine the voltage and
30 phase at the motor due to the signal from the utility. This permits the output voltage
and phase of the motor drive 14 to be matched to those of utility 12. The phase shift
and scaling factor need only be determined once for any particular system. However,
these values can be recalculated at any time if a change is made to the system or under
any other circumstances.

35 In the event that the utility to be transferred to is other than the supply mains
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It can be seen that the scaling factor is characteristic ag%as]ltr@é
conprising a nmultiplier which can be used to determ ne th Bt g of the
i nput of notor 20 from the utility based on the voltage at the input of
notor drive 14 as |long as conponents in the circuit are not changed.
Simlarly, the phase difference is a characteristic 20 adjustnment that can
be used tOOdY#RINi ne t he phase angle of the input of nPCAUSHP2¥r om t he

uti ity baggdinn ddmphlasee Hibadle WG LPMEAL DL adlllliBodst as | ong as

- conponent s_| In a%;t? once the scaling
e

factor and™FHEE 8‘”’d€’e¥ goéb%ﬁg;ﬁplgﬁ%ﬁﬁ 232{9 %&R“éﬁn"% %‘F@%ﬁ the &%y ned and

saved in riagdnFig. t bieselestvigtacheiraior 26rin clgp & offFigrdt tmastibe necedsdrytamsde control | ed
to provi danaékt@ampﬁéﬁsositgmadecttiaatvoit&ge”&&&&!_ﬁa%etdi*e%?}{é}!at&age iaktcharppse of motor

i nput ¢ due g r el neasurj n the vpl tage an hase of the
i nputsof %%%grﬁ%gél%%xﬁn?ﬁﬁ”@? ?ﬁ Sutd‘?é ’i'?gmr A Y‘gr’rgﬁ?"éﬂsﬁgh{;nd adj usti ng
char act er iP&cedwe d¢ simlar ity Shpt dessribest iy detelh sabaest el piogesiugss caphles utility. The
drive soErac@mpﬁkHeaglerdspdﬁsehﬁ sofitvire ﬂish-@dﬂiobyhp:bﬁemﬁﬁh_ ﬁﬂtc{lﬂleg:a%&&re; aﬂdt Lhe |d{l ve
source phageny 0,the se. shi o determ ne the voltage
and 30 phase g@géﬁ?%%ggte@%gﬁtg%&t ﬁggbﬁhgﬁgchqnﬁs)rﬁa? Reeacﬁ?linp ﬁhga “rhi s permts
the out puf®SPYISE ymanug pIopRisaW agtionsy dheisvention eqn ke apalieddo pey whe efhed to t hose
of ul@ it ¢rit® an¥hepepblawiits land tany sypd ofcal imaghihactiny Heedf ewitshidge det er mi ned
once f or aihalsicfibalsed Abf BrnchRHENRS meh QPR Spilitlen @B €03l cul ated
at any tine |fﬁa C{fﬁf%ﬁ is nade to the system of under any ot her

ci rcunst afEEHo8" E™B%Pent that the utility to be transferred to is

ot her than the_supply mains -6 25 July 2006 WD 01/41293 PCTI USOQ 32969
suppl yi ng the Wﬁ@efﬁe&owg dagsriptiondnelydes mapy fetails apbsperificities, itds tot he

det er mi nab¢ amderspiod tiexdihee hadr belreincloddlifot Sdpodkd dF ekpbdatbn afy,ifdkfke position

) BT At Gl B ilepRlts dnkdis bP e e iRaS Sk IRARLAL Y (26 10 St ep
Aof Fig. 1. Lt ma %e necessary fo-use _ an exnt'e_r nal sensor, to detect the
vol t age aft§ eﬂ’h&@‘@‘eﬁtf* @%ﬂ@ﬁéﬁ?ﬁ’lﬂ Co% 07 et wiheyt departing Sy the gPh@d o t age and
phase of sdope pftbeinverftion, avdt iotendid it be dntomBlsheirini thefollbveing chiedarde is simil ar
to that dgsgldgieduiviesigt ail above. Al procedures can be acconplished in
response to software instructions programred into the controller of the
notor drive or an external device. Also, the procedures can be acconplished
in response to manual pronpts and actions. Ile invention can be applied to
any type of 10 drive, any type of utility, and any type of AC nachi ne. Any
type of sw tching 1




mechani snms can be used. Any synchronization nethod or appar HUF:gﬂg be used
in connection with the invention. Wile the foregoing des Bt i ncl udes
many details and specificities, it is to be understood that these have
been included for purposes of explanation only, and are 15 not to be

i nterpreiyggafss &1 @b fens of the present invention. Many nodifications to
t he enbodi nents descri bed above can be made w thout departing fromthe
spirit arid scope of the invention, as is intended to be enconpassed by

the fol I ow ngjclai gemansh rdrMRkifing @%Acte?i%svo@l érél froth, £ il 11¥a%9}%6 WHAT 1 S

CLAIMED IS: | A nmethod for deriving characterls of a s gna roma
utility PHEcRRe dace sysisenpbmethpd eongyising the sispi of: met hod conprising the steps

of -, sending an i Nfuing kil st i kRl lﬂ} SubbRidei ve is idie; sending a

signal froma utilit 0 an machi ne cou to an output of the drive;
detecting a char acteflipg ¢ isigndirom sutgitnto aatA echingt qoupledfo antpatpd 9fitke whi | e t he
drive igmhddl e; detecting a characteristic of the signal fromthe utility;
conparing the characteristic of the signal at the output of the drive to
the characteri sti€etesting yehasacgrigic of aignalisethg eptpittof theglriye wbfetha drive

char act efsii@ti ¢ adj ustnent; and applying the characteristic adjustnent to
the characteristic_of the signal fromthe utility to derive a
characteristic of $etestipgmshagpcterisiie ofthe siged fpaythe wiliit o the utility. 2. A

met hod as recited dompttidl mueharwéﬁsﬁ@bfﬁ@%msamgeLﬁl?ut%f% @veSYRENT ONi zi ng

the output of the drive when not in an idl'e node w t he 5|gnal fromthe
utility Hiprasiagisiieof thg siceal domhewilityto detyanipg 3 sharapigrististadivstoonet ; endar act eri sti c

of the signal at thgihle tHEaRRHAREAuNERN: 1§ Wel AaSaide %Pmufgﬂeg P 3. A

method as recited in"claim1, wherein said step of detecting

char act elfp ity to dsfivg yehagpigristic of » sianal Wéh%‘?matﬂyn%ﬁwpﬁwﬂh@t ectl ng the
vol tage and the phase angle at the output of the drive and said step of
detecting a characteristic of the input signal conprises detecting the
vol tage and phase Am§fhed gt raciied inelajm ¢y furtiger C?&n e step pleyneheanizing cl ai m 3,

wher ei n tﬁab\dﬁ&t& bheQitive QHRAKD: ROarCAIERRIAS $th 1A ﬁl&ﬁl% &t*ﬁgy dydhRepet veen the
vol tage at the output of the drive and the volta
- the output of the drive to match the characteristic of the s1gna1 at thc AC machine obtained

during said applying step.

3. A method as recited in claim 1, wherein said step of detecting a characteristic
of the signal from the utility comprises detecting the voltage and the phase angle at the output
of the drive and said step of detecting a characteristic of the input signal comprises detecting
the voltage and phase angle of the utility.

4. A method as recited in claim 3, wherein said step of comparing comprises
calculating the ratio between the voltage at the output of the drive and the voltage of the

utility to determine a scaling factor as the characteristic adjustment.

5. A method as recited in claim 3, wherein said step of comparing comprises
calculating the difference between the phase angle at the output of the drive and the phase

angle of the utility to determine a phase angle difference as the characteristic adjustment.
6. A method as recited in claim 4, wherein said step of comparing comprises

calculating the difference between the phase angle at the output of the drive and the phase

angle of the utility to determine a phase angle difference as the characteristic adjustment.
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utility to determine a scaling factor as the characteristi asadi nt. 5.
A nethod as recited in claim3, wherein said step of conpari ayco rises
calculating the difference between the phase angle at the output of the
drive and the phase angle of the utility to determ ne a phase angle

di fference as7.the Ahastael &riediet Gn aldjn &) WREEn e idunNBERADdrigifatésetithed i N

cl ai m 4, erejn.sajd step of c ari.ng ¢ rises. calculating the

di fferent lt%%'f‘%aé(i S{eﬂé&;ﬁjﬁ%%tg’gef’n ng"c'ﬁfmgh%fotggls’@"f T dhecutifily SUMIRE ¢ he phase
angl e of ddidesngs ¢Hatabtgrittio ofl the ipid sighabwithiape iafghentstichfoethedae. as t he
characteristic adjustnent. -8 25 July 2006 7. A method as recited in claim
6, wherein the input signal originates at the utility and said step of
detecting a char acAetetlsiliag reafted ihelafh gnatheréifi ¢hd chiractetstit b e BRHRHgnSIES

detectin characteristic .of .the jnput signal with input instrumentation
of the d id%a/f greng IToR 8 (IFiREristis OF%‘&“P@H “ﬁtoc?og‘?pr?{lgf,ts li’/%"?é‘?ﬁﬁﬁﬁ ‘i“lﬂf@ P&t eristic
of the iimpubofthedried. is different froma characteristic of the utility due
to conmponents between the utility and the input of the drive. 9. A nethod
as recited in claim7, wherein the characteristic of the signal of the
~out put of thed.dri vA meshodiat feeitedlrih clhinOTvehetdirauha eliseactesitticcof@He sighal oftthd i ty due
to conponent s.between .. the utili nd.the output, of the driye. 10. A
ot hod” ik 8 BEARES gy Hom yckaraditeat pEnEVBY iy o arrngs bl 1 v om a
utility theouyity sreishsamait ofgthadrivenput signal to a notor. 11. A drive system
capabl e of switching an AC machi ne between power froma drive and power
froma utility, said systemconprising: utility; drive; an AC nmachine; a
utility contadt or A&ogfiodds lretadde nlaBlmil Owherdih kdid) stagnof seaditk AGemmh&himrze t o
sel ecti Vu‘?fli c%ougggsea . out E)UttSOf Istgiad gti lity to said AC machine; a drive
cont act or coupred Bet wedh Sat Far I8 MAd sai d AC machine to selectively
couple an output of said drive to said AC nmachine; a controller operative
to detect a character.istic of signal. .at the output of said .drive due to
bower rom seita ack e e deadicr SRy ol AG Rt belea R A0 % ont act or
and sai diriveeddyrower frote amdlity xaidoystan eorapridsfegd, said control |l er al so being
operative to detect tzf.t(_:haracteristic of autility feed to said AC machi ne
and conpare the cHaracteristic of the si ghal at the output

a drive;

an AC machine;

a utility contactor coupled between said utility and said AC machine to
selectively couple an output of said utility to said AC machine;

a drive contactor coupled between said drive and said AC machine to
selectively couple an output of said drive to said AC machine;

a controller operative to detect a characteristic of a signal at the output of said
drive due to power from said utility when said drive is idle and said utility contactor and said
motor drive contactor are closed, said controller also being operative to detect a-characteristic
of a utility feed to said AC machine and compare the characteristic of the signal at the output

~ of said drive to the characteristic of the signal from said utility to determine a characteristic

adjustment.

12. A system as recited in claim 11, wherein said controller is operative to

synchronize an output of said drive when not in an idle mode with a signal at said AC
machine from said utility by adjusting the output of said drive to match the characteristic of
said utility adjusted by the characteristic adjustment.




of said drive to the characteristic of the signal fron1saig #t%h#mg to
determ ne a characteristic adjustnent. 12. A systemas re ? B claim
11, wherein said controller is operative to synchronize an output of said
drive when-not in an idle node with a signal at said AC nmachine fromsaid
utility by adjaisti AQydheaOlliRtn QhinSB! @hdEih R dh=aBsG0of REsighRh@RL €r i sti C

of said utility adjusted by the characteristic adjustnent. -9 25 July 2006
13. A sySitehoh sher e compriss e ypiage and Wsahasemngl of Bisaieaeliab thesquinut 6f ¢ he

si gnal  agaid BEveOlhiRY cHafactehRGic F iR BINRRS thdGoMel hOhadBhelt tRhase angl e
of the sugnal at the output of said drive and the characteristic of the
utility B8HHrises the voltage and phase angle of the wutility. 14. A system
as recited in claim 13, wherein the characteristic adjustnment conprises a
scaling factor and a phase an%Ie_difference. 15. A systemas recited in

cl ai m 14, whel®i n Bh¥ssRaty FGlledain sleim d3¢ pderein the chpaetoristin adistmest t age of
the si gngdmpsestd\@alRY it aff a piRiedingicid¥r@Bsl the vol tage of said utility. 16.
A systemas recited in claim 14, wherein the phase angle difference is the
di fference between the phase angle of the signal at the output of said

drive and theiphasg syaBal R @fiteddhbldihl 14, tWherel’ thescfigt BOLAE MEGhHLd i n
claim 16, wherein_ said Ut]|lt¥ is coupled to the |nPut of said drive and

sai d- conpgtBeanghe yollageof hresignal gt the ptputionsid e Aadihr yoltags ofsaiddtili®i ve to det ect
a characteristic of said utility at the input of said drive. 18. A system
as recited in claim10, further conprising power converting conponents

bet ween sai d il ifypysiviy at Freiteuingiaimolt. SaFginghs phase augle diffeleaseainths recit ed

~in cl ai nyifferendeWectvih tieOihRsd MROIABYEENS QML Idiipi¥of LRNRAREAL Shdgiyeen said
utility and the input of said drive. 20. An apparatus as recited in claim

19, wher®gl & HiguiHYEns for providing a signal froma utility is coupled to
an input of the drive and said neans for detecting a characteristic signal
fromthe utiljty conprises input instrunentation of the drive. 21, An

appar atus as teci t@avsien asreaiigs! sielaim, }6; wasreip spi pLLY S GOl thedpRPePt i ng

conponendasi H@leWaa Raili Rentktiliet istbuRBd td MButl iRARMeNtidG Gdl #fe t8detedh appar at us
for deriving characterjstics of a signal froma utility in an AC machine
H <.

drive sy<dp@Rierstigiofsaidipuditvat the iwhphseid,

18. A system as recited in claim 10, further comprising power converting

components between said utility and the output of said drive.

19. A system as recited in claimm 16, further comprising power converting

components between said utility and the input of said drive.

20. An apparatus as recited in claim 19, wherein said means for providing a
signal from a utility is coupled to an input of the drive and said means for detecting a

characteristic signal from the utility comprises input instrumentation of the drive.

2]. An apparatus as recited in claim 20, further comprising power converting

components between the utility and the input of the drive.

22, An apparatus for deriving characteristics of a signal from a utility in an AC
machine drive system, said apparatus comprising:
means for providing a signal from a utility, via a means for phase shifting, to

an AC machine coupled to an output of the drive;
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means for providing a signal froma utility, via a neans f% Elhal'?§6
shifting, to an AC nmachine coupled to an output of the drlvé, o 25 July

2006 neans for detecting the characteristic of a signal at the output of
- the drive due to the power fromthe utility; means for detecting a
characteristic of t ns aring the
characteristic of %SZ&% tin §tﬂ%tcil|1 (gtﬁl:tlsttwc'% %lgr*a.ﬂ":t r ulE ttCLR Ved o
char act etdtbd;jlmeofromh@lsﬁhghal fromthe utility to determ ne a char acteristic
adj ust nrent; and [ [ract Aadjustnent to the
characteristic of fgr%etegﬂgr Ch'lj} énQE gﬁnﬁl?@gl}a%%ﬁ?he&él@ characteristic of
a signal at the Aonmrﬁwrmemgmmgtthrcthla:ectemtmlofmymg%atmnoaptp@rf&teusivas recited
in clai ! r u ut of the
i ve. wnine SpHERRgK of AR o3 BFANRY b Y OE FBOI At Igh ey ki,
adj usting the out putarsffort dpelythgi the chagcteattshrdiusencohiarthe tleracstiste fothtt he si gnal
of the AG ﬁna”%%ﬂf ﬂﬂg ARG Y A Yo S BERNSE d § *FQP! ¥'A19ma§1%n A\ @Rparatus as
recited g clarm él wherein sal means for tectln fharacteristic at
t he out putilitsf the rive conprises nmeans for detecting the voI tage and the
phase angle at the output of the drive and said neans for detecting a
characteristic of the signal from the utility conprises neans for
detecting the2¥ol t Ayeapparditus has piedisk iangbie @2, thirthentdoinptiying 2Bcanf\rfomppar at us

as recitgd.i. r n | qﬁgg'- S nmeans
for cal c%ﬂat ﬁhﬁ% g\o r l%tIOO %dﬁ\kﬂggga{trﬁéﬁ?% aﬁlgﬁeavgﬂ?ﬁgg%ﬁ%?gﬁﬁ 0 tp e drive
and thebweqlm@ge thsf outpi aftthe dtiye toomelieh edhenthmcwrigivadfi the sicadt afrthe 288 An
apparatu r i erein said nmeans for conparing

conpri se@aaﬁglgrﬁﬁ#egﬁgé% rcn% %tf{;paéﬁl?’hghdl fference between the phase angl e at
the output of the drive and the phase angle of the utility to determne a

Phase ang! e, G4 { o1 &RGperdle o o ARPR! ALHS PSR! LAE rlflsCh? el T €1 1
sai d neans for conpar Ih conprises neans for calculatin Ff erence
bet ween ¢hacistidivat fehngllltslt@f the ige capnpises rodang fwedetwmg/éleadéimh@tphal@ee angl e of
the utilify alft ﬁxe%ﬁt%gtrd?}ﬂé%n@e Blhasﬁﬁn?éagé Bir i éaeéh%f‘acteﬁﬁm d%&e%%%rfﬁ%‘s as

recited i rther nprising power convert nponent s
bet ween thhatility Fomprisesemang foedwm@ug thgfvoltdge amimvﬁlaswgleﬁﬁélealpbm atus as
recited in claim?22, wherein the means for phase shifting conprises a
tr ansf or mer.

25, An apparatus as recited in claim 24, wherein said means for comparing
comprises means for calculating the ratio between the voltage at the output of the drive and

* the voltage of the utility to determine a scaling factor.

26. An apparatus as recited in claim 24, wherein said means for comparing
comprises means for calculating the difference between the phase angle at the output of the

drive and the phase angle of the utility to determine a phase angle difference.
27. An apparatus as recited in claim 25, wherein said means for comparing
comprises means for calculating the difference between the phase angle at the output of the

drive and the phase angle of the utility to determine a phase angle difference.

28. An apparatus as recited in claim 22, further comprising power converting

components between the utility and the input of the drive.

29. The apparatus as recited in claim 22, wherein the means for phase shifting

comprises a transformer.
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