METHOD AND APPARATUS FOR ASSESSI NG CONDI TI ON OF
MOTOR- DRI VEN MECHANI CAL SYSTEM CROSS- REFERENCE TO
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priority fromU.S. Provisional Application No.
60/ 551, 336, entitled "APPARATUS FOR SENSOR- LESS
MONi TORi NG AND DI AGNOsSI S*, and filed March 10, 2004,

the contents of which are hereb% i ncor por at ed herein
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machi nes as well as fault conditions in the notor. For
exanpl e, the notor current signature analysis (MCSA)
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particular fault condition can cause a characteristic

change in motor current, referred to as the
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[0004] When the MDMS is driven by an electric motor, input signals to the motor
have been used for monitoring and diagnosing mechanical problems associated with
the driven machines as well as fault conditions in the motor. For example, the motor
current signature analysis (MCSA) is based on a detected current to the motor. Since
a particular fault condition can cause a characteristic change in motor current,
referred to as the “signature” of the fault condition, the fault condition can be detected
if a “signature” associated with the fault condition is identified in the detected current.

[0005] However, this approach has some drawbacks. For example, motor current
can be affected by many factors including disturbance or fluctuation in the power
supply (e.g., the voltage from power lines) and distortion in the input waveform (e.g.,
in a signal source that controls the motor). Thus, current may be unreliable as an
indicator of fault condition, particularly when the normal input current is very low.



Is the product of current and voltage at the notor.

The notor power is analysed to determne the operating
weondiosizons of the MDOMS. A drawback of this apprDaGt05/800074
that the input power is also affected by distortion in
the power supply voltage and hence is not a reliable
indicator for fault conditions. [0007] In yet another
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conditioﬁ%]hﬁcédﬁﬁm‘. in the input signal fromthe power source
that powers the notor. [0011] Thus, according to a
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and a voltage sensed at the input.

[0010] Advantageously, the admittance or impedance can be a reliable indicator of
the mechanical system because it is not affected significantly or at all by distortion or
fluctuation in the input signal from the power source that powers the motor.

[0011]  Thus, according to a first aspect of the invention, a method of assessing
conditions of a mechanical system driven by an electric motor is provided. The motor
receives power through an electric input; An admittance (Y) or impedance (2) at the
input is monitored over a period of time. It is assessed whether the admittance or
impedance varies over time in a manner associated with a known condition of the
mechanical system. When the admittance or impedance is assessed to vary over time

in this manner, reaction in a pre-determined manner takes place.



in this manner, reaction in a pre-determ ned manner

takes place.[0012] In accordancewith a second aspect
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conditions of a nechanical systemdriven by an

el ectric notor is provided. The apparatus has a
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apparatus of FIG 1; [0017] FIGS. 3A and 3B are line
graphs show ng input adm ttance as a function of tine;

BREH DO4BRIFTION OB THE BRAWINGSaph showi ng torque and
I nput inpedance as functions of time; [0019] FIG 4B

is a line graph show ng i nput inpedance as a function

[0014] Of Irf thE¥iguic8PRALh Riustrafeexenpary embaglimphtsgl g imyention,
dr| I1ing torque as a function of time; [0021] FIG 5B
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line graph showi ng i nput voltage as a function of

[0016] ti EFG. PE&; o%v%ga%ﬁjcé\@aﬁ;% ﬂkl operation of the apparatus of FIG. 1;

[0017] FIGS. 3A and 3B are line éraphs showing input admittance as a function of

time; and

[0018] FIG. 4Ais a line graph showing torque and input impedance as functions of

time;

[0019] FIG. 4B is a line graph showing input impedance as a function of time;
[0020] FIG. 5A is a line graph showing drilliﬁg torque as a function of time;
[0021] FIG. 5B is a line graph showing input impedance as a function of time;

[0022] FIG. 5C is a line graph showing input current as a function of time; and



[0024] FIG 1 schematically illustrates an apparatus
10 for assessing the condition of a mechanical system
wda2oodnsaren by an electric notor 14, suGh as f oPCT/SG2005/000074

nmoni toring or diagnosing fault or the condition of
mechani cal system 12, exenplary of enbodi ments of the
present invention. Syst em 12 is conventionally
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(MDMB). Motor 14 receives electrical power through an
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power source (PS) 18. Mdtor 14 can be any type of
conventional electric notor. For exanple, notor 14 nay
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be drivdfl€ sensed signals and for assessing an operating
condition of MDMS 12 based on the ratio. [0027] V\hlle
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[0026] defpparas (iPCIHEPS 8 FHITERT $EMSQT SRR
current %@/ﬁb?ﬂ%ﬁ%f inpedeRent g} fodotoray, §W6m@sera§ma syetens 24

one or more anplifiers (not
voltmeter 22 for sensing a voltage signal such as input VOQtage (\S/') at mzntor 14, and
an analyzer 24 in communication with the current and voltage sensors for determining
a ratio of the sensed signals and for assessing an operating condition of MDMS 12

based on the ratio.

[0027] While meters 20 and 22 are separately depicted in FIG. 1, it wouid be
apparent to a person skilled in the art that a single meter could be used. For
example, a single volt meter and voltage or current dividing circuit could be used to
measure both voltage across the input terminals, as well as current there through.

[0028] Possible components of analyzer 24 and their construction and operation
can be understood and determined by persons skilled in the art after reviewing this



for amplifying the sensed current and/or voltage
signals, one or nore signal filters (not shown) such
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a signature it has been “trained” to recognize, the latter being a typical approach in
neural network analysis. For example, a set of training data may be input into the
neural network, from which the network learns when a fault condition arises. When
real date is received, the network can then make an assessment of the real data
based on data pattemns it has learned. The network can continuously learn new data
patterns from real data and thus the accuracy of its assessment can improve over

time as it becomes more “experienced.”

[0030] Some components of functions of analyzer 24, including those discussed
above, may be implemented using either software or hardware, or a combination of
both. Analyzer 24 may include standard or customized hardware or software tools for
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stand-alone computer, or a microprocessor integrated in a hardware circuit may be
used for calculation of admittance or impedance. The calculation may utilize random
data processing techniques including techniques disclosed in J. S. Bendat and A. G.
Piersol, Random Data: Analysis and Measurement Procedures, John Wiley and Sons,

2000, the contents of which are incorporated herein.

[0034] Known possible conditions of system 12, such as a fault condition, wear, or
the like, can be determined by assessing whether the admittance or impedance varies
over time in a manner associated with the condition. For example, when MDMS 12
operates at normal conditions, the impedance or admittance may vary less rapidly or

. in amplitude than when a fault condition exists. In another example, the impedance or
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used for calculation of admttance or i
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wa edlsissrees i ncl udi ng techni ques di scl osed in BCT/SG2005/000074
Bendat and A. G Piersol, Random Data: Analysis and
Measur enent Procedures, John Wley and Sons, 2000, the
contents of which are incorporated herein. %0034 ’
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artificial neural network analysis. Example methods of artificial neural network
analysis are disclosed in Y. H. Hu and J. N. Hwang, Handbook of neural network
signal processing, CRC Press, 2002, the contents of which are incorporated herein by
reference. The feature may be recognized and matched using any suitable pattern
recognition technique known to persons skilled in the art. For example, a linear
discrimination function can be used to classify the impedance or admittance pattems
for different conditions of MDMS 12. Example pattern recognition techniques are
disclosed in Morton Nadler and Eric P. Smith, Pattern Recognition Engineering, John
Wiley & Sons Inc, 1992, the contents of which are incorporated herein by reference.



feature or matching the feature with one or nore
signature patterns each associated with a particul ar

w@oovdiosizen of system 12. Each signature patterPCTHag2005/000074

have a pattern characteristic of the associ ated

condition. The signature patterns include one or nore

patterns for fault conditions and may al so include a
[0037] PatireeR, Vivsn aredlyrer 2 reoliadeisregproopRsof faRXectiify the program

classificatjon or jdentificati 3
code deseiltest FRe EAHES g#r%ﬁm%"&C?Hpﬁﬁaﬁﬁpﬁ%t&mcﬁﬁ%zysi s,
& onitiad proeessor. Tiae pragkameadesnay
ot GBS ot s
be execotadrtalextrecheoiertuse fiem theadrudIcRPr I@p@\%}%’s’oﬂ@%@’glﬁ ﬂwfg
AL Wi ' ' etthé paitém rhsly be stored i
extractepj‘p@wg%\@gﬁfa%aﬁggt% Eﬂ%gll’rr%?ﬁy ggbgt]cggﬁ?z e%l a gy rrgrg)corggdm
associatéi memenyatsaniatyabt 24.p3he eode May GHiv e %’F?’Clué%ﬂtﬁ’l R own
rsops, skilled j

'neuraintﬂ%g iana g{si%tnp&ngiﬁ%ﬂé%eor%éedé:&'é. exanpl e, a linear

n-can bé used to classify the
i npedance or admittance patterns for differen

t .

[0038] ;:ovwﬁm itioen admfttawglp/ﬁr irm)ecﬁn_aaparéeqc@tqr dme ip@d&!} r pawc;ated
ecnni ques are | SCl O A rs ric ]

with a KegvEROTo SPEn e 2ug ol REdoRieaLBaReh o ¢
determiﬁgeg‘ fhat Wg;MS QIfQZS irf that c%rgtsm (e.gnlfaum.i The analyzeicoap 68adted

elrn rererence.
accordingly) in @dygﬁegﬁrﬂéf&%@PL?%f r(3L§w)t Fﬁ@eﬁaﬁﬂﬁ%@é@aﬁ g%téé‘ﬁ?d
featuro fE H/dRfflafta i dmpbaaios marbs aslgraturapdiionnamsoneies Wit &
particulacidalt canditien, &@@d&%@tﬁﬂﬂiﬂég M@%ﬁﬁé‘@%? 'Prgk}@ paHfcaF fault
conditicﬁ%i@%ﬁ@g? Gp6i¥ beEhindta TeAlcUlR khowconditiowlsuct asadault

0 conpare the extracted feature wt
conditioh, gnalyzare4singy edact by seading obgﬁﬁlaymg@npg{%p%trqﬁgﬁﬁu%é 8s an

alarm ssfgfglgx[ %8@@3@%@@% @gy %ﬁ%ﬁﬁ\{%ﬁ b8 8Ly EStordrbl opbration de

to per m neur ai net wor k .
motor 108, Y6ri exanipld, lsbovadnstop amafer t, or ﬁﬁ@d‘dﬁ@&onE’QUEB?pW%W'
the adnmittance or i npedance varies over tine in a

patLern asHog| ' SMYOIRNShrtdrARd 2 §10425106,
[0039]faéﬁﬁaegﬁd{r}%’%&i{’ggﬁ\g&b?{g‘rﬁq\%ear,O it cr;drg be deter%’sned
S108 ah8&110RNB bedarformad biiat medhioe of dhunang!n g Rtar Cagfe

anal yzer react a ' Vip ol n i
analyzaroh ey pok DGR Sor FSER e e elnudtcd iRk poci ey
be calchRRSdmaniialt TRe patteintintieeadmitianpe dainedance gy 3lso be

extractod A0 EPORAANWILIRZULY PSRy SRnOFctiof | Bivebar timay
be advé@?gc dthstbrd of Bt oftths tisks @ne performed autematipally, such as

Ing a particular known condition such as a fault
by analyzer 24.

[0040] Once a known condition of system 12 is determined, a further action may
be taken, either by a human operator or automatically, in response to the presence of
the known condition. For instance, further actions may be taken to correct a detected
fault condition or to stop the motor, e.g., to avoid damages to the motor or the system.

[0041] To further illustrate operation of apparatus 24, two examples are described

below.

[0042] In afirst example, MDMS 12 may be a rotary machine and motor 14 may



condition, analyzer 24 may react b [
( on, _ y sendi ng or
“th;glaylng an output signal such as an aIa?n1signaI.
! tm&?gut signal, may alternatively be used ROI/SG2005/000074
ontrol operation of notor 14, to, for exanple, slow
or stop notor 14, or otherw se control its operation.

[ 0039] As can be understood, each of the t
be a thr%éég;)rﬁ%s;eg@(g nﬁitoﬁIﬁé,cuSéﬁmncsmgaﬁéQ"@ﬁ’Bag bR %%Eesdéﬂoust%ﬁg

separateprapes Epmzthe ﬁge\}orrfatonﬁé)hg’g% Z‘;I?g% A ?:r{odrB% E gowf\llﬁé am;mm;a

| e,

at the drﬁﬁrgi ﬁﬂbtﬁi? &8 r]ilfﬂfcrtllb?ﬁ gﬂme%m&amat loati candifiens- rEH?ﬂJ@PPy
voltage abthe aiumeg naotar lsm%vfﬁfy?q%g 381?1 éltlﬁpd:}a%gl@g ﬁgi%@bégﬁéssé?\t ke
admlttarpﬁacfu?Jgﬁ @'Eggﬁgfo %Hdﬁm\éﬁ ghek idtaryanadiine avhilatiag a@luislmes
represeﬂlddhlﬁﬁamceedﬂtalned whienadke @a&{ﬁg@‘{,@@ &g%fmo%lg%%%lja caqdltlons

known conditj.on of

A €

s can bR.seSh 1Ry %@@apg?(gr{%’éﬂ/ ﬁ%bﬁt &%ﬁgﬁb{;@?ﬁg? é‘ff[“m“tslhaﬂ
condltloﬁlr'r‘iéVWéC %ﬁ%ﬁtﬁi’% by applgmgmms@(ter@at lREPIEER cpi orque

ns
to the shafleiine gPlapiPaGING: @d%ﬁfﬁa“%%i@%é????ﬁ?‘%ysbe
amphtué@&nd%(&f fregu&wo¥ than 8iadfal RIGNABeAs can baserbt e agm mc%
o further i.ll [

under uagipbleaongitions alg%ag)@&\ﬁﬂpégx g\age‘cl g?@?@@&ﬁf@t’e iP0r & E[)U(S%,
The pat‘t{aﬁla %Hié(aglﬁ% f\js)baéﬁ?{) pon@Me th8 aﬁmhtdlm mdfcﬁmreyncmtthe.ﬁpphed

e a three- se AC
torque, AT exaipderobOHeAtes ) TR BT o PLEY A eRsiapdpabro
the loa ‘;ﬂ?\% s fromthe stator in one phase. FIGS. 3A and 3B
e admittance at the driving notor as functions

of time for diff |
[0043] VOl @gecca el MIDMS 1oty B s e D hotor 14
may be(ﬁﬁlpg]!& gma,g? gg r%ﬁﬁe(g urr éﬁi dwitage %rynatshﬁayadmsensecb@om
oad con tlon at the
the statbh idemstd enotarl gutrent ard Vﬁltqgee‘é!@r@tu %H[?Z %W’%%E‘gg @t the

when the rotary machine was in un
iy | st abI e conditions. As
driving B®¥PThe seen, the adnittance is relativel y const ant

under stable |

[0044] 2: r;nuci gtlug shdws ﬂ;?tg;qéngatggs tdgl? 'Jméﬁ’ Pe%'g%%?ﬁ; gﬁg@g@d

conditionyaf the Hpﬁ &Tdﬁbg &ﬁg&fa %tﬁ@éﬁgtéﬁggﬁgﬁalfs@s&umtmsmf time.
The y-a;ii%fr?k‘ mt%ﬁgmp‘aeg?hﬁ%?iggg\fmm(lmadam@ degreasesgr ro ) tlﬂlg As
con b e ipR AL g ep AT t?';%ea"r'zm
illustrated example, the drill continuously drills into a workpiece from between about
the 5th second to about the 19th second of operation. As the drill head moves deeper
into the workpiece, the torque on the drill increases and the impedance at the motor
terminals decreased. At about 20th second, drilling is complete and drilling torque
drops quickly. At about the same time, the impedance starts to increase. Thus, it can
be seen that the impedance (or admittance) can be a good indicator of the load

condition in the MDMS 12, with good dynamic response time.

[0045] FIG. 4B shows the impedance at the motor as a function of time during a
breakage of the drill (note that in FIG. 4B the y-axis is in the normal direction). Before
about the 17" second, the drill head was moving deeper into a workpiece, and the



The pattern or feature also corresponds to the
anpl i tude and frequency of the applied torque. This
wex@spswrdenonstrates that the adm ttance can PEI/&G2005/000074
proper indicator of the | oad condition. [0043] In a
second exanple, NMDMS 12 may be a drilli ng machi ne and
nmotor 14 may be a singl e-phase AC notor. {ent and
.mpedan@btc@gteaseg agkiw driijhdrererserdases it eheutdharldr seseis dee

drill heqaqrggqgag%u ent éﬁ@\é%\qlttﬁg ?%\Aﬁ%ﬁ)aﬁsed 4ét§?1d‘éﬁié%é{a§§ H}dlcated
by the 1% lirghse é\‘tthé Mpedfanbe.. Asﬂthecdfrm@bkeese@ further ato thad

condltlon at the drill, and the i nece fle
workpiens:, the eshaining fsil eentrciadia wEkpEIoe ! ﬁ@oufrﬁﬁ@%@ 350804.41
about tb%?? Eﬁ?%%@ﬁedaﬂéeﬁgﬂg@ té H@’ﬁ%ﬁé@ ﬁgalﬁ CIRERARRS tHe @féhf;e

dance i s 1 nverse
in fcad pomuom |Aftmlabbut the @58 speanst thepdrijlis w"ahﬁrqurpm thet r at ed

drill
vorcs 35 G Rl G SRR o ..
patternighewh3h IFIG 4B Mypi&almrmaran’nens@ls df kel breiakbg ead capbes

used ag Zﬁgérggggé gﬁzénh fpé opﬁgéedgﬁl ece&é t o gﬂ%‘t %%be?n 4 ata shows
that théjﬁgfegﬁﬁéé’ pattémaBeul irfiédie ﬁ@p@mg brééfkkabé iohthe dnllschmp bisbe

ling torque drops ahout the
other typeswf con@twnﬁp@da ipg the weakokige dﬁﬁ,rsélg &s C'aﬁ'fs%ﬂgﬁs

initial- \A;é%rﬁf‘o‘?ﬂl 2 Ca{a%tahﬁ di'iﬁ’%g itloPs. ?ﬁ@%bﬁﬂ@rﬁ)ltlcﬁ%rbf@%

r o oad condition in
drills mayshmtmlycbajgiemﬁed uswggaﬁwr@cﬂ radio qu@pum; aﬂﬂB’QﬂﬁSﬁ@’f
he i npedance at the notor as a function of tine
‘rlng a breakage of the drill (note that in FIG 4B

the y-axis is in the normal direction). Before about
[0046] t hAdvantageeusiy) dhe mistordmpedanseiadnigansaisiaigorcwiablei nt o

lndlcatca{rqv?ﬁll'n%( ﬁ)&ﬁf@pgﬂgﬁ of h8'NIB aﬂerﬁét%?éﬁﬁerﬁsv&ﬁ@e or power.

ué I ncreases. 17t h Second
This canle firthet appradatedesditsretsrende orflG%e 5ap|5D, ahere FIG. 5 5A

snows LR BFAALE NEAGPY hE B s, SR v
corresﬂgfnﬁﬁ@aﬂofo\i imﬂsafancet curtsine ane velfEgs; esspentivaly farl thersgme
pero 4 i B S o RS S58e RmAR MGy Ry
impeddf@e rcﬁéﬁ&e licted IMFIG: 3B (i ﬂgpédtﬂwoem #gecurment oadbitage changes
condition. After about the 25th second, the drill is

ilustratgd imEKG.»C PF 3Bh t he wor kpi ece, and as t e ioad torque
decreases and the inpedance increases. The ,

[0047] The exemplified motor impedance/admittance signature analysis approach
described herein can have various applications, as can be understood by persons
skilled in the art. For example, it can be used for monitoring operating conditions of a
MDMS, for diagnosing fault conditions in the MDMS, for producing input in a switching

circuit, and the like.

the mo

[0048] While it is convenient to monitor admittance or impedance at input 16 by
sensing the input current and voltage, it is possible to monitor impedance or
admittance in other manners known to persons skilled in the art.

[0049] Other features, benefits and advantages of the present invention not
expressly mentioned above can be understood from this description and the drawings

10



pattern shown in FIG 4B is typical and characteristic
of drill breakage and can be used as a "signature"
W@ e@aass7dor occurrence of drill breakage. . EXpRCT/8@MW05D00074
data shows that the inpedance patterns could indicate
not only breakage of the drills but also other types
of conditions including the wear of the drill, such as
by thodseskillpddn Hesart.i ed as initial -wear, normal -wear, and
wor n-out conditions. The wear-conditions of sanple

tooso1 - G oy i oy @ et il 4 EndREr e ustatve

only ar{daﬂmﬁ]wawmmgagﬁwdéscnbeﬂ emhmtﬁmeritmaeaialmbﬁmmtm treange

re reliable i catqr, of the condi tign of
modifichfu T R ATERGRTRBH O baC FEATS 204 Prdeg of Oprefhene
mvenn&h Ir@thé:ais fﬂﬁanfdéﬁ tdhefcortistiidued bdificatioh A@RFis Sdpe, as
FI GS. o 5D, where FIG 5A shows the drilling
deﬁned[m/rtagétlaggsa function of time and FIGS. 5B to 5D show
the correspondi ng notor inpedance, current and
vol tage, respectively, for the sane period of tine. As
can be seen, the load change is nore accurately
reflected in inpedance changes depicted in FIG 5B
(i npedance) than current or voltage changes
illustrated in FIG 5C or 5D. [0047] The exenplified
not or i npedance/ adnmi ttance signature anal ysis approach
descri bed herein can have various applications, as can
be understood by persons skilled in the art. For
exanple, it can be used for nonitoring operating
conditions of a MDMS, for diagnosing fault conditions
in the MDMS, for producing input in a swtching
circuit, and the like. [0048] Wile it is convenient
to nonitor adm ttance or inpedance at input 16 by
sensing the input current and voltage, it is possible
to nonitor inpedance or adm ttance in other manners
known to persons skilled in the art. [0049] O her
features, benefits and advantages of the present
i nvention not expressly nentioned above can be
understood fromthis description and the draw ngsby
those skilled in the art. [0050] O course, the above
descri bed enbodi nents are intended to be illustrative
only and in no way limting. The described enbodi nents
are susceptible to many
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nodi fications of form arrangenent of parts, details
and order of operation. The invention, rather, is

WO niosgisek t 0 enconpass all such nodification Wa&TBG2005/800074
scope, as defined by the clains. Wat is clainmed is: 1.
A nmet hod of assessing conditions of a nmechani cal
systemdriven by an electric notor, said notor
recei ving power through an electric input, said nmethod

What is&dimetisd:ng: nonitoring an admttance (Y) or inpedance
(Z) at said input over a period of tinme;, assessing

1. A miéwrﬁaeg e ng%é‘e@sﬁlg&@ﬁtjmb?@m meﬁhamemays’snvamveésbmelestrwe
ner associ a t
motQe8aid MAr reis;;zg/tr@rﬁowgﬁ g"%@h aQ &r%?rgldlﬂﬁlt?t?g%lg &h&ﬁ Sl

com. Haﬁg,ance is assessed to vary over tine in sal d
reacting in a pre-determ ned manner. . The

monflSdniten afaw‘fi@i‘w‘p% or fipefiafhe® 2L SEREAR SR Ce PO Ftime:

O e e b e

assdtRiled With ROkrioWiREongitdn ©F 8sidngechanicapsystenur arht / and an
I nput vol tage Vat said input, and wherein V = IfV and

whe# said4dmittande6r iffipledancedis askessad o varyor KT, inwhisk RRNer,
sai d assessi ng, co%)rl ses extracting a feature from

feaC}?ﬁ@:ﬂ %&Fﬁ‘ﬂ?ﬁﬁ@@eg 3MsEdance and conparing said

e

2. The aﬁhé& Ststeim 1, whSTPi? Sl SSRRRGCoMPTRS SR (AR
mecﬂQ.% %E{e% HBs éuﬁé?e& a PANE AL saRPicdctivss esmpriepsciynalinge s

. per ng a neur al net wor k anal ysis of said
satdéaluitttance or inpedance. . The nethod of any one of
clainms 1 to 4, wherein at | east one of s

3. The deateedmitiaign Anuhergineait BsEpHnRg ?@"U&%&Fﬁ%‘&gﬁ\? igput
cur GG Mo inp Vo8BS 104 saf A, 816 whierdih & BV Bl S 1

rern a one of said determ ning and said

4. The gﬁe‘;tﬁéﬁ bin@aimc’ 1 Q)‘i Efa% ?Eﬂlhgbén@séiﬂ %Qessmg'r!?@npﬁds@dr@&tlr@a

wherei n said notor
featuy€ fromh eaid admnttance or lmpedance and comparing said fc'ea?ure WI'(?'I a

pattern to assess if said impedance varies over time in said manner.

5. The method of any one of claims 1 to 3, wherein said assessing comprises
performing a neural network analysis of said admittance or impedance.

6. The method of any one of claims 1 to 4, wherein at least one of said determining

and said assessing is performed by a machine.

7. The method of any one of claims 1 to 5, wherein at least one of said determining
and said assessing is performed by a human.

8. The method of any one of claims 1 to 7, wherein said motor is a DCoran AC

motor.

9. An apparatus for assessing conditions of a mechanical system driven by an

electric motor, comprising:
a current sensor for sensing an input current signal at said motor;

a voltage sensor for sensing an input voltage signal at said motor; and

12



An apparatus for assessing conditions of a
nmechani cal systemdriven by an electric notor,
W@uposEINg: a current sensor for sensing an iPEUSG2005/000074
current signal at said notor; a voltage sensor for
sensing an input voltage signal at said notor;
and005/ 000074 an anal yzer in conmuni cati on vvlth sai d
an afajZe® M canmurichticrowitis eaidouEentantiveliagr BeasoIs afAiB BRalyFer

determ nin an a t ance. or
capabla eloTENG B pagutaneg op apedeRE RO Said AR yoltage
signdt§ Bssb4dh wﬁéthbﬂ@éiﬁ'@aﬁmam&loeanw@ancemﬂ% nver tiree ivea

man;;;%gggggld Vﬂ?lsﬂ bmgwrggy\é\graaﬁéaor@éq% Cond ﬁlﬂ%rﬁ{;ﬁl%%@m
and, »&%edanacg%rgﬁgﬁées&%ﬁ%‘édéﬁcé’ igra)ésé’é’s%ﬂ tb 'vﬁﬁy d)\narSlmsJ‘ n said

Ing ina pre-determ ned manner. . The
maniérp faeting incd pra-détemndined@n8eh sai d anal yzer conpri ses
a processor and a conputer-readabl e nediumstorin

10.The Q;ggﬁ?'dﬁjgro‘f st 9 @hbn‘élrpéélg faﬁﬁly@@d&)mwmmsea prosessar png @r am
C ( causes said processor t O % m at rﬁ?ﬁé %i?ergfn
computetreddablermedivig %ml@aqoan%%f [5‘ S &
said Bl e UAGLE Qi BldboBéds petondet easpurieseisaibde f or

eature fromsaid admttance or
detenﬂme@aamﬁald g$sesgipghod of claim 12, wherein said
progr am code corrpri ses code for conparing said feature

11.The Tftttfocgaq@lé? Rtekih Qaldy?s%r‘éﬁ{ Gt Smprses @ode 66r extraicting

wherel n sal ram code conprises code for
afedthaimsaﬁWMﬁMqrsﬂnﬁedﬂn%l d adnmittance or
i npedance. The nethod of any one of clains 11 to 14,

12.The p@i%cbdn&zcﬁﬁh%éj W%?éﬁ‘sﬁﬂd&ogm&mﬁeeéorﬁ@msfw% for

ng a’pattern in said admttance or inpedance.
comparngguia fextturs with astpreshpaltéincl ai ms 10 to 15, wherein
sal d anal yzer conprises an anplifier for anplifying at

13.The gr é\q 81‘“%;{0 neS cFhifns Wﬁ?ﬁ 3S{vBiBRin Qéld pi@dramvedeagenprises

apparatus o one of clains 10 to 16,
coderfoe heural saiwbrlaaaﬂ:lya@r)f %@ﬂpﬂﬂ%@cg orimpeqancsr filtering
at | east one of said current signal and said voltage

14.The ?I'Ile%?g& of any one of claims 11 to 14, wherein said program code comprises
code for recognizing a pattern in said admittance or impedance.

15.The apparatus of any one of claims 10 to 15, wherein said analyzer comprises an
amplifier for amplifying at least one of said current signal and said voltage signal.

16. The apparatus of any one of claims 10 to 16, wherein said analyzer comprises a
filter for filtering at least one of said current signal and said voltage signal.
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