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system for performance testing of rotating machines FIELD
This invention.relates generally to the performance testing of rotati ng

machi nes, nst ance usi ng accurate neasurenent of angular rotation.
BACKGRCle "@ﬂlwmwmmgml ON Conventlenal approaches to the performance
testing tors generally neasure steady state performance of

t he not or af t*ewoeot*he el im nation of transient effects. To this end, notor
speed data is collected as a function of tine and the data is filtered so
as to renove fluctuations in order thereby to' -,1 ~ derive standard notor
performance characteristics as set out in the appropriate t o | EEE
standards, for exanple. Such characteristics invariably relate to the

t or que- speed performance of the notor at no | oad whereby the notor is

accel erated fromrest under no |load conditions, and the torque is derived
as a function of the tine derivative of the speed curve in accordance with
Newt on's Second Law of Mbdtion. Additionally, so-called "signature" tests as

~s well as | f [ s the effects of
[l uctuat i ons Mo ahd sestenPrn o Rtmadic (i of PoBltine achitesC L L o0t
PCT/1L991 00290 -2 Signhature testing is an extension of no-load testing that
utilizes faster neasuring techniques and processing in order to conpare a
specific nmotor's no-load performance with that of a pre-calibrated
““master" notor which serves as a yardstick agai nst which production |ine
notors may be assessed. s Load tests neasure the notor's perfornmance under
operating conditions whereby a specific torque is applied to the running
(ﬁbtor under test, and the resulting speed, current and power are measured.
Typlcally, t he nDtor speed is nmeasured using a tachonmeter coupled to the

not or' 1 ition of the notor speed in anal og form and
suffers Wplé&/mﬁmfﬁh’ssevere noi se contam nation. F or this
reason, digit.gal. nethods ref er g) nifi c% fﬁ’\?/g has been,
expended duriﬂb‘st’%\%eq%ggtm ghersl i ﬁ\? G5 rﬂ;oé’ rate
digital a&ﬂ{ aggf] s and the I|ike.
Many suc %ng% stﬁﬁ%gan%? ; atﬁigé%f%‘ééé(etﬁfl Iy%};ma o{l; transducers to

derive the speed signal and 1 s then digitize the speed signal using AID
convert . rocessi ng to be perfornmed digitally.
R. Szabmg&@[m@qz@mﬂm ni que in "Measurenent of the

Torqu Speed ara erdstic n l\/bto S,.usi oved new

GG ta appr S SBaLARpactss 14 ShtieRtmihe aite 5f UeBRia Bl vor s,

generally measure steady-state performance of the motor after the elimination

of transient effects. To this end, motor speed data is collected as a function of
time and the data is filtered so as to remove fluctuations in order thereby to
derive standard motor performance characteristics as set out in the appropriate
10 IEEE standards, for example. Such characteristics invariably relate to the
torque-speed performance of the motor at no load whereby the motor is
accelerated from rest under no load conditions, and the torque is derived as a
function of the time derivative of the speed curve in accordance with
Newton’s Second Law of Motion. Additionally, so-called “signature” tests as
15 well as load tests are performed, although in all cases the effects of

fluctuations are eliminated.
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20 3, Septenber 1990. Their nmethod uses a fast data acquisition systemto
sanpl e the output of a d.c. tachometer as well as other rel éY2FREMBERZPR2 er s
such as |i e 996t and vol tage. The neasured data is then 05
digitally to renove the noise, performdynam c average fil te’?{:ir)lg tgﬁ%o

el i m nate extraneous coupling vibratigns and to detem~ine the relative
torque profile 2s fromthe tine derivative of the speed curve using

Newt on' s Law. Since the renoval of naise als i m nates the fl.uctuations,
it thus emerges YSRAUELESWIS i 4L E¥IGASIOR qfl%l%égtti?%ﬁ@ tflpill?%? fas8eTt he raw

16 eceveeR BEned Gl R Abeing REpeL EEaRPARE Shecie b Yy, © ©
5, 218, 860 hSLRRAM perdBRAAREIWIN it TP IRE-chIBIARA: ~iasteP fhbidRShpiiown ¢ hat

the raw speed data Is contam nated and ‘that the first ta e data

processi ngspivas @sianyadstick agdimstivigich produdtionniéedimotdrgahy bel dsheuded.
distorting the speed profile. A major contribution of the above-referenced
paper resi deadi testshenésaseo thed niotor’e rperforaiagoe i undes dperating cxpnditiors.

di scl oses an alternatiye apprqach wherein, rather than neasure e speed
usi ng anal H{f}lq‘?%géﬂeg @,togl%eilgapalpe@%@emg(mﬁwm 185y @H{:E'!fer is
used. Fig. I C i.al ed 10 wherein a notor

PCT/ | L99106%§’3[ﬂ%§rf%df éﬁnéexgﬁéﬁ ?ﬁép%rgtﬁgﬁﬁ’{é‘%‘?t 0 a test systemaccording to
U S. Patent No. TpfckBly, 8RGndioR speddEist mbistrd asiﬁgrasméhbmate?fcoagreaw' ng

shaft 12 supportéd on high-quality bearings 13. Munted oa thé shaft 12 are

fl ywheel tHeAmuitoRs awis. Thés hllewsacquisitiog hofr the ahotor gpe¢d i analdpoforml encoder
/35. The flywheel 14 acts as an_inertial |oad whereby torque nmay be
det er ni iedaad coiers drom lowe resqlitionoand jseverer nefse epntaghinatthes For tthis Tor que,

patent No. "o N8 mefiods drepeRS ot Hahifenl Fort e 36 Sxpiond a0
" eaon ful | HRE I 4ol ! Brdhfdoile O allowTimade dfRe W a1 e

by a cryst af tiesotticifad velabily of métoredtatis hfid e like. Many sediPmetttdstseillt he -
peri od of one 60-Hz power Line cycle. The change in speed is determ ned by

t he rot ar y copbaytiwhatarecessensiadly\amalagstransducersde derive the speedraghalrand

di spl acenent. Torgue and speed arge C uted for each 1, 67 period from
the tim pgmélr%&&ﬂbf’ FB‘EF“&%E?#‘ Using 42 1708 VEIHErSANIG) v palsequent

DECEMBER 29?ag¥%§?%%?%§ﬁ%ﬁ8¢’@%ﬁ§§9/ 00290 speed. The inertia of the

flywheel a ( _ sel ected that the notor reaches full
speed in about R 48RS ef M efRibeIsidhen tdchBique hakREafiPem@nPbE ROMe 240
torque and speed results, enough to describe the entire torque-'speed curve
f r om st anddbrgue-SmeeduChasqoeeristics off Hedutitipnt Motorst asipgean ddgproved descr i bed

U S. Patent No. 5,218, 860 .. ] ]
digital approach” appearing in Transaction on Energy Conversion, Vol. 5, No.
)

20 3, September 1990. Their method uses a fast data acquisition system to
sample the output of a d.c. tachometer as well as other relevant parameters
such as line current and voltage. The measured data is then processed digitally
to remove the noise, perform dynamic average filtering to eliminate
extraneous coupling vibrations and to determine the relative torque profile

25 from the time derivative of the speed curve using Newton’s Law. Since the
removal of noise also eliminates the fluctuations, it thus emerges that the
elimination of fluctuations by filtering the raw speed data is an inherent

feature of the method proposed in this article.



offers a significant inprovenent over anal og transducers, and allows the
measurenent . of certain notor characteristics that were pr@HEGEYRER #92
easi |y obt avoegléssowever, the resolution of the device is st'i,&Jm%@Iéﬁgéovel y
poor since, in effect, a very large nunber of pulses are average uring
each sanple tinme period. Specifically3it is stated in U S. Patent No.
5,218,860 that the increnental encoder produces 25,000 pul ses during each

full rotation of the nmotar shaft. sum ng an ayerage notor. speed ,of 10, 000
rpm this neans B %ﬁd’EtHé%Fﬁﬁli‘PE oy Eﬁ@@ﬁ%%&ﬁ‘xg@ag%m‘i@?@?a%aﬁim peri od
i's nearl 0Q0. t ual r ; .S : d i fhar

Lounter goagast ﬁ% E;rgg[\?lt%g gﬁ tg@gﬁ%"gtg |cﬁ§ﬂlc§ﬁ|§h (?Iﬁ 01?1 ggﬁégaﬁﬁqgﬂ)&;@geé of the

mot or . HoweyRanedslisrdipualawitiont diktoing ithe spéed piofite.a8 mM&ob Cofifributida
fluctuations are no Tonger mneasurable: thus allow ng only the snoot hed

.charact eri sfithe aboveeetrtmred paer hkide e rthe timpravedofiltering pégorithmsbe no
particul ar advantage in enploying a _ rotary encoder having such a high
resol ut i bnWhish @eg presgntedst | gi ven that such a 20 coarse sanpling interval

is enpl oyed. Theoretically,. th ti,qn cqul d .be inproved sinply by
sanmpl i ng at smaﬁfér k)?%é‘tp‘yqogsséfilgb@vé tor, pﬁssa‘&‘?ég??t pEtoFationcyl t to
achi eve thi tely aac.Lhexnengl.vel:y. usi ug.r - technol )

Vor cover . URETSERe B! FPondS WO RbEYe e Vifibin, SRIRE OB 56 ang
whi | st thi snel@fe helspaed @ang andlbgidns@udeisitd dighsY gray ¥BAegiRerh&Ralpt or, it
substantially elimnates the fluctuations to whic he transient éffects
@re subj ecercodetas nee.ding.| iy shdvwmplictayiallyea muttar testsbadal @y mtherein i iiotd?at ent  No.
.5/ 218, 860 does not, al |l gw nmeasurenent of the dynanic g)erformance of the

mot or . 10 141 Dscneehanicadiy conpled te antest system accaudingoto- B.§h Bafent Novt

i nventor h f hat,_t.h nam erf ormance of .t he fotor provi des

i nval uabl egwyi%ﬁ t%%}oﬁ%&%%ézoﬂg‘ﬁ g ol 3 AOBHIE S\'Rflﬁh {SUgP Bdge of

t he dynam ¢;ie nithe kB af ! i ndament al
behav, or of Sd aky Sesttn LY aotpiclon he St TRARE) PSR, 88 bEKRgwiS
dynani ¢ peideatinand a higti-eesoputivhadotay dagita ehicoderd 5aTha TifveheRe N4 @disag | arge as
16 nms, since during this time period nost of the fluctuations on the
transi ent paineréinl load wherchy torque mey bedeterminehactiording ¢6 therequational
magni t ude of the sanpling tine period, and bearing in mnd that sone

i nprovehlent can clearly be achieved by reducing the sanpling tine period
conducive with tp prevailing tech?ol__o ﬂ,‘énd price constraints, a@,}

i mprovenent is linuted in scope. *hTst<fgllows fromthe fact that counting
pul ses during a fixed time period, ho Er smal , can never allow optinm
results to be achieved. Thus, even if the sanpling tinme period could be
reduced i nwdfereii ¥ & Torqusi ch, of course, it cannot) it can never be reduced

to less than th ri.od a, si.ngl e 15 pul se since, in such case, no data
~wpul d be obtain Eﬂ%ﬂﬁq@fﬁﬁ@h?ﬁnple period. On the other hand, whil st
izcreas%p the sar é&ghéine period ensures that sanple data wll be
obt ai ned, it does a e cost of producing nultiple data per sanple.
Thi s means that s=gmeesol uti on thereby obtained is inevitably |l ess than the
theoretical maximum 20 Furthernore, in order to obtain a sufficient nunber

of sanple poi nt Asusixplpined 'appUc%cha&nthMe_cﬁ,b%B,ﬁﬁ(B. tit torqueNspees] 218, 860,
';Ifn %B;E?ﬁ%%@%%?%ﬁ%@@%‘é%pe ' [ls‘inwlr ieq%kr{eiint@?f%lgt e e dns of :t he
tha "ot or  BRESditt BBleFah oh4 B gl drcu et R b mebF BN s peco

charact gri i L | Rach J 1 . C rom si ng
on the Runasr 2] LORE) 67w ckidtal Sechfidr hdlEs Blall A Pinss B e on B ot
the fluctug ithespeibd v bnar)-Hat ppeet dinergyelemleh dhafgeninaspesdeds t he
notor is | oaded. -0s- a'or 16 DECEMB~Ra~900290 g U.S. Patent No

~., 53~, 288 deterthdselp by Lthet rdtary, eneodetti whiaks eescdveseahdittle oas @052fi of ng t he
rotational speed of a novi n% sl>~ in a spatially limted envi ré)nmant,
vuherei n t Aegalardisplacoment o Teppigeprd e?ppséj e costnwed far eagh 16.67 ms

period from the time power is applied until it reaches its maximum no-load




encoder (~ca~nsducer) pulses is used to determ ne the speed, Updated
rotational s speed is conputed froma furthex pair of sequéﬁPFg'W%FRzooz
successi vewpu9sesss rwhich are nnn-sequential to the earlier g f889z900C
rotary encoder described by VituTli cam 6e |likened to a toothed wheel

havi ng sixty equally spaocd txth, eae#-of which gives rise to an out put
signal haviztg a first voltage | evel when rotating past a pickup, Wen the

sbeond vor PEgh THeERla bEBL MRRAT Athdlfed ot ilor s (S MeP b Bhe, "V £ 2e
level s transfoptrBadts Fudl %@Eaﬁh%@ﬁ Ahﬁwbﬂas,ltﬁg%eiﬁgm? ;age HOMKESYS! S

respectively, such that pulse train. is produced” "I 7~t~ts, assunai ~ag

that the ammpe (gvshfbemeim'rcpleemdalsr)ye& readt, tepetigh wbi ddscdbe ahé hatigae
angul ar for the high and low | evel s, the angXe of rotation corresponding 3
to each | dgique-specd eunre fremztamistildaifalspe®l neasuring the tine duration of

Sfé?i : ®) howovBie Skl 1RBTHCETOOKGT 45, SEHEBRr T ARt it - EbBRD accw - acy
2 acent (AReR % SbpteE iekgV Oent BVEE nblaE PupidiRes, Bk RERYS e 50" © ©

~~st-nt) theasthGhéntdf E@€din nARbP charadidrisaes thad wte (REFILAG R easily 0! O

Si nce angul ar speed Is ca3, eul axed an the basis of 'the neasured tztrte for
oat h t oot lobpained.fdowbeeritrkiesolution iof thd dewice imdtill felativiely pegresinkes)in on t he
a~etual wdth of tech tooth and is thus subj ect to a ma~cin~um error of

(50! 0. JP ;a&ffegs@?asry( Fage oymbres of pudsesarg @éfégag@ép@mgngacbesnane _dfma ser vo-
“Gescn’ b R0 Srasiiciv. b Sl U Pt oy S0 BER bl A ool e
Lo test tHEorEeR A AL pRIbEAE AT CROBIR i, Cac IR RAANGS oP T2 B0°5¢"
DECEMBER 3R6f3r 6hafP0R8RRA0 afiveragkdhotd Ipeed6f 05,000 eprhetiis Rednd Biat

supporting a notor during neasurenent of the notor's torque. The system
di scl osed thtanmibgr ap pelsesprodubed per 6.677ms timetperiogdds nParky 0,080, The 218. 860
di scussed at | ength above and is s%i)jbglct to fhe sanme deficiencjes.

Speci fi calacual inumber;¢f plseioiscepuny H IR (COUNtRE 5O ASSoRIPY1de 8 e and

the.acoderbet indpidh SR ibe it o o e P L TG VEh Ml B0

phnomnonsﬁﬁ@ﬂiﬁ ni}ﬁi’ioﬂhﬁs PRESENYs AB67 Gl I B8 FRcHiaidRPeRE) no ldndes C! ear
fromthe descCription in GB Z°127 549 on page |, lines 48 to 53 that such

| oadi ng i neasaesderthus allowitgy only the smodthddechararteristics to be detpmedsgked
characteristics of the z~potor startiang from2~ro speed to full speed, It

vtrill be Mppraventthersawouldapiean §o thfena FEf@Har 2mnEtEe: i GNRYHIS as |
oy anst ent sy Sofadt baviie e TR R8RGR e PR SE oY B ol BTy T 0

' . .
“of the Jr w@aksel $Pling terval is employed. Theoretically, the resolution could be

improved simply by sampling at smaller time periods. However, in practice it

is difficult to achieve this accurately and inexpensively using current
technology.

Moreover, the flywheel attached to the motor shaft loads the motor

25 and, whilst this does not derogate from the static performance of the motor, it

substantially eliminates the fluctuations to which the transient effects are

subjected. Consequently, loading the motor as taught in U.S. Patent No.

5,218.860 does not allow measurement of the dynamic performance of the

motor.



1s U S. PatGat No. 4,169,371 ~tschi et al.) discloses a nmethod and
apparatus far nmeasuring the torque and/or power of a drive EIRGENBFR 2002
dynam c op@yddifdsssoased on the tinme di~'e~-atiation of the speed of the
drive aystern to det er mi ne accel eration. The systcai is | oadBdT/M28003% s

t herefore apparent that the dynamc (_:Iga_ract eristics whose determnation is
the principal ob,~eoti~re of 24 the present invention, are lost. U S
Patent No. 5,631,411 (arns et al.) discloses an angi na nonitoring apparatus
t hat cal cul at esThehprespeteinventon hastfound|that thecdyrami€ rperformaggce of theaat an

LQ?E: ?La,lké’%gfrébﬁﬁﬁ intabible tatdrmiafiod e ee%&%%ﬁoi Eﬁeﬁ"gia‘t’{xgid R B | i pal
here. t oo, Heles dntalitae deriraia Vo, R L
appar ot us NepAefiee S Bk pas PRUGRHMAE e rfhe it P liSRET oy o061

a war m mgfBafentdl bkRATHr of‘ﬁ]ih RESTOL. RS SRS RirSthe rrego?‘ﬁfs& & 4 are

axraaged in the wormcasing. |hu/ng th.e rotation o e worm shad, the
sensor s ssahe dyhemiwperfornane dita isuettaimible dorihde shaplspaiod i SHEET
11-09 200 -6b 16 CEMB~~ ~~~ 900290 detected characteristics, generate

n~easur er raéni6 pud, ssiscendaring, this Jénaepeniad mest splethe flughmationsiran $ppl i abl e
to an el eci xoni ¢ anal %ﬁi S circuit, héhi ch cal.cul s til ﬁ | ocal dz?gged-i tr
torque in CANSEGRRPRE offthe ARCVEAR dotnEHKRD regardiess olbe gewialimacapude of The

"EPE] D PR bR s NS el i AR Rl B BVERERLEARY 1S
(ﬁpace of  IdMariR b dBRERICAhy FoRAGing th¥ AnibIEfCEOPedof Sofiidi®é vijen Measur e

axque of an unl oaded machi ne. Pat ent 94945 (Down} di scl oses an
appar atips prevailing dechinojogyo and guride eonstraintspasy dhproseaiennds imiedén y wher ei n
a wheel having to a plurality of spaced apart teeth is connected to the

xot at ~g nm#€PpeyThia follaws: frast the £adt Hhak pewnting pulses during wafixedh tane
e txct apeti ROUEEF SIEGRH A Mo ottt B BB RS, el T

det ' [ t f - ; Sy I, d
responsi vals nf accapting, (e Belod SR bR AR i MEHEMERTNT Ll

repr esent ajouyse, of carinde) iddaarmovee berediucell tllesSthdmitrierlyd ofta Bl 30
{~agi ya) discloses _a nethod of conputing the rotating speed of a rotating

body byssamiseginesdrsudneasg: no data wenlsh bobtaineduluping thel sampletpariodpect to ~a
Teasur i ng OF 1616 SERHRG PUHE B P SETIGE fifie SIS eBRERs Q6 speed
conput at i bBBiREL i ' urrent
spggd corrp%tgj{l{tl g%ﬁrr{gggr)éegce tl ﬁépgoe%s?scg}dﬂ qgégsito%@?%‘gﬂg E%dlgg{egﬁt%g speed
a; T the rqlenishftplddiis afeans thatsthe redolutien tieseby obfaiiddes tifivdtabfabish

~easuremnt. S~"1~MA~tY of THE ~NT~U~ 2s It is therefore an obj ect of the
_invent i on than thathdereticalmpyiinamd

) 20 Furthermore, in order to obtain a sufficient number of sample points

using the approach disclosed by U.S. Patent No. 5,218,860, it is necessary to

ensure that the time required for the motor to attain full speed is extended to

several seconds. This is achieved by means of the flywheel having sufficient

inertia to delay the steady state response of the motor. It would obviously be

25 preferable to allow the relevant speed characteristics to be derived in less time

without, of course, compromising on the number of sample points and, at the

same time, providing details of the fluctuations on the transient performance

which disappear when the motor is loaded.



system for measuring zotati,onal speed in wiich the drav, ~bacl cs

)4,@3%0ai ~eed wtli |,~ ithcrto-proposed arc substmtially WTB'?W@E@QOQQQO
- ekt’'m nated. AVENDED SHEET 16 DECEMBER 2002 -7 Such an objective is

realized in accordance with a broad aspect of the invention by providing a
met hod for testing an electric notor or a conponent thereof, the nethod
characterized by the steps of (a) agtaching an unl oaded shaft of the
electric notor to a digital rotary s encoder which generates opposing

cor r esponds. {05 ERA 8 dyor2 88 do Bt LVRHE T oo BB ot or, (1)

measur i I S i I ' d of logic
Teasur ! g SBRSGHANIBL SipRhansflel JT AR JBIA SWACEIRMNE IBRGE |

el ectri eniitbAmed® Whekein dhe afnd Hdtwabn o) s@?u&ﬁﬁﬂ?%ﬁc@eﬁ’&e@ak' 6f
characteristic of the rotating electric nofor or a function thereof, and

(c) usi egcoder (transducerxpdses-is ivsed thdetexmineitbe speads Updatedrmotational r ot at i ng

electric nojqr to derive static,torque speed nam c .t orgye speed or
osci | Bat’PRE ¢ r%@ﬁ#iﬁ%msﬁe@@%t&reoirsﬁﬁ nSHGOGFHYR trum ~s

durin Fm%ﬁ %gﬂg I i ' t : ferably,
theregi ?’]fﬁgg%hﬁétrnﬁ?ﬁsg u eﬁﬁttﬁe%gt ep 5]‘1 Egggglc?hfﬁ?[ ?ﬁg"%&tﬁsﬁﬂ%&éf t he Y
r ot at i ndyrvitbilineantye likéresdctoactobthed whesl daving siety cquatinispadedi teethi i a of a

rotor thereof and the neasured ) speed characteristic of the rotating
machi ne.¢agh of iwhich givesi tise 19 anoowput eigpalhaving a firptovoltagedevelrwhes er ni ni ng

dynam c _a static speed-t orque-ti and..speed-torgue characteristics
of a rot9 Past v RB‘&%‘P %&Wﬂﬁ@n#ﬁ@eﬁﬁgﬁc{ﬁgﬁéﬁe%@ cal i brat ed
rotory, t ah? hiﬂﬁft&‘? rmg%go,p | tjﬂﬁb jrsYey L ' gﬁ@y-&ﬁﬁrent stators
SO asmt cl)ﬁpr \7ilzge re _at?\i/dé per or?%{ré\’?gvat ae(both'isJp takiié%d]a dyfam c) of the
di f;erertﬁeﬁr:;fhnﬂc_cemlxd.ivbmh: devels trags h@?@dﬂ@iﬂlb@t&kﬂ havimpologi¢ est s gay be
performed on identical nachines usin ifferent rotors so to provide

rel ati vl m&%,aemswd&w%égamp R ArAIR IS W@ﬁ%‘i er ent

rotors. 0, od.cC ( (o] uring an
angul ar arzg‘??a. %ﬁ&ﬁ%r%?ﬁﬁgﬁgh%ﬁ Wghﬁagﬁ%#%s%ﬁé tggéléof a 16

DECEVBERad{0shgufar Mﬁ@hﬁ?@ﬁd’l@w Revelie tisditigdle of dotatibn cofre§pindigncoder whi ch

successi vel y generates opposing binary logic states such that any pair of

sequgst italeathipgic MIeHdsvelos 231 2radians. By kneasuring dhe timer duratiowof of t he

shaft, (b), rotating the shaft, 5 (c) separatelgear%asuri ng a respective tine
\4

period £86B40gicEY ]PM"'QMEMEWQ&F@YS _Q'Q}éWér ated by the digital
rotary encw%é%:%%dfﬁoﬁ%éé&g%@%%&é@ éncodbis TSy Hﬂﬁizﬁéoc' at ed

wi th each successtve’logl 0 derive an accunu el apsed
time i ntacudicy Of enlece 3904 .ewhivh meais t1e0iwhilst ahe digaie Béitdeeh)the he di gi tal

1 orotary encoder thereby allow ng derivation of the angular rotation or a

f unct i orstarhefeadjacentt teeths keartesprndingnivc the pariodwof tiel pulse drainjnis oved
ol s Canstent teRfilR ofieath SPOJE AubleE & SrEoGRET Of hdbH BB o such an
oo 0% gl B SE3E ot g 1 DRAEUETL bkl ekl s 0 chence
during vussibgtthe pickuys, it ticicteat ehati this is dependent on the actual width of
cach tooth and is thus subject to a maximum error of 20%.
JP 59 160766 (Fanuc) discloses a speed detecting device of a servo~—
25 motor is determined using a rotary encoder in a manner similar to that
described in U.S. Patent No 4,535,288 and thus subject to the same problems
of inaccuracies owing to duty cycle errors. There is moreover no suggestion
to test the machine when unloaded.

AMENDED SHEET



ei t her Low or HHGH is subj ect to duty cycle error, the conbined ti

14- 'O@t for sequential logic states is an accurate ref | ect'? BRCRME E&’%ﬁgngo

aﬁgu ar rotation. Thus neasuring the accunul ated el apsed tine |nt
between 20 successive pairs of logic states avoids duty cycle errors
affecting the speed results whilst reflecting any change in speed on the
fly Consider, for exanple, a rotary.encoder that produces 60 pul ses per
revol ution. In the case of U.S. Patgﬁ | NTO. 4,535, 288, the shaft
revolutlons p [ mnute (rpg% can be determned in a one second degree

S

i nterval , Brd 132 543 sdiseloses wetsst rhegh frs suppotting & rmottyr dgmingh dut v
| 09 d d
fﬁéciufé%ég%t&?%@o}’f% TroRE e tiine’ 2t Ve oiTored sBetmby opewsaB o 11 i

adni tteotbe/vay%ﬁﬂhfﬂ:usli’éent%e@ht@%so%@dﬁs&ﬁ%telég%aﬂweﬁng 29] that

for larger nbtors, the mass of the armature nma clen arge to
provi de subjeut tpéhe same defitiehoird. Spévifically, ivisstaybd hdted Raitethe Hotor 5, 218, 860

al so al |l ows for@&;te external inertial load to be dlﬁensed with, albeit for

| ar ge 5s WBOHY iSRnsienti orgus ape natasyradeby daB 221648 ar ge

not or s, tI an ake a.relatively long tine
to reachlggééegﬂil?’g&aetg s%g’ég?h% ﬁ'ﬁ%elﬁqagSRA %fg&é" h‘ @ﬂ?d"gﬁ ¢ OfOF nt s '? o be
obt ai nedsgud doie SRSGN I n ’Hﬁ?‘ﬂ e the

ext er nal 8'| n%lr tallla?mm IS manda%%?’%/ lj] g@\ﬁlil’%t r&de%t Sé%&g i n order
dei i beradisnppe tmleam&omﬂwdm:pnon mGBQctﬂ?sﬂEhdu pegetle lmpsed and t hus
al | ow sux s t.0o be obtai,ned. |sthsclearthat uU. S

Pat ent %‘1@% EQB%RS is | neseAsaRyY rlﬁpmltgnrqcél %&fﬂt i nvention
whi ch.al I h enf not or s,

Si ncg1 a tbrrxfak}lt%ng%%J elg)‘[iré e@ﬁf/ﬁ?t&%bf%&?@ﬁg% Z&Pafﬂﬁsa | ncrease,

the ti mapead.r Ragill Hecagharehe tita Siedading! tie ARRIENEN dOheA IR0

measur enent of oscillating torque and speed duri ng steags state condltlon
so as tcsuggestedameaﬂdaﬂé@nmmmuuegmmtedmmrmmefﬂncsmotoﬂmth the tine

and $eq enc I n ch case, wheel be ysed to sl ow down the
time for é"ﬁﬁ@%ﬁﬁéﬂﬁﬁ E'g'BPF CPILS M@ e‘r@g?\qsﬁﬂmﬁfeady state
osci | | atthg mea@%p&h‘speed phenonena 2o during the acceleration. This

al | ows fau ts wth the machine to be highlighted that woul d not otherw se

be apgarent. UlSe PatemtnNoo @, %87 b Witdchi Qali‘aﬂt)edlsﬁloﬁéd @i toethodPhnd est i ng the
rotating machin A user can control the sanpling time and the tine from

whi ch t FPPEEHA $08 nassuring thertosque end/eppowexe deive system indymaindc (ti me and

frequen I Mg t evice to be
used as%@&%egﬁg&ﬁﬁ@ ﬂ%‘i@'&mp @&%E s%rp 335 - 10
BRI EF DifR:its %&&aﬁbﬁ ?Eé\h%% B Fadd O TG tdrBre gmlca: tager stand the
invention and to see how it na e carried out in pract a preferred
enbodi mdhe dynaﬁmdvam&deﬁcswhesb determination is the principal objective of
_20.-the present invention. are lost.
U.S. Patent No. 5,631,411 (Harms er al) discloses an engine
monitoring apparatys that calculates the speed of a motor. It is clear from Fig.
1 that an inertial load (i.e. a flywheel) is connected to the motor and therefore
here, too, the dynamic characteristics whose determination is the principal
25 objective of the present invention are lost.

EP 457 086 discloses an apparatus for the contactless measurement of
the local dragged-in torque in & worm machine. At least two position sensors
or proximity switches are arranged in the worm casing. During the rotation of
the worm ghank, the sensors scan the worm shank surface and, on the basis of

AMENDED SHEET



non-limting exanple only, wth reference to the acconpany?[gﬁﬁ%&% LnNgs, in
119092000: Fig,1 shows pictorially a prior art notor test bed; .Elﬁﬁ%%%@oggo
bl ock di agram showi ng functionally a notor test system according to the
invention; Fig. 3 is a block diagramshowing a detail of the notor test
system 1l o depicted in Fig. 2; Fig. 4 is a flow diagram show ng the
princi pal steps for operating the gptor test systemshown in Fig. 2; Figs.
~ to 33 show graphically typical a.c. PSC induction notor characteristics
measur ed or,_copput ed. with the notor test system.,accordipng tq. 15 the
vent  drtectes SERG{Erictes, rebamiF BreACEITt PUGH HUr.dpRRRRFREYA of t he
i nventi i L i tePeddfy : c&gﬂ't' kLS. 20 to 23
show gr%‘?%ﬁ%ﬁ?%ﬁ%ﬁ%ﬁ%aﬂ Oﬂﬁ)?ﬁgﬁseé?ﬁé@ﬁtl onhfég?%%%l i ghting
faul ts thetJocaln deiggeddndiordpemiimg Segmenandf zhe Firgm hanls, «itbieqke di agram
showi ng functionally a dynam c torque_and speed anal yzer for displaying
speed dProgduelyspacen Epparetusc operates inteonjungtiohawvithder desdde dotording to

t he invention. TA LED DESCRI BTI ON OF PREFERRED EMBODL1VI.EN. S Fig. 2
showd 1 THEAAEiSARE, Pir ) 1OFUE,26T0E ACraBP D Rehg SHor 3l ise s
conpri Sé'l{g% FRidE YRS wodmi 3y ts led to a
digital s gﬁpencogg?gtsﬁggftﬂinovm '?é%&ggn hgﬁ%ﬁgFﬁ%eﬁ%gggagd%gges not

r equi r eeitlex Yo hicghureaspjuetofan eildadddmpcldas. ce, may generate 5, 000 pul ses

per revolution of the notor shaft. As the notox 21 rotates; the shaft
encoder 23 U HateNsiye. 200390645 o(Remds5 distipses ognoeppatatisl for oduces | ogi ¢

| evel s that are sanpl.ed, by. a s i.ng uni.t 24 that. measur t.he el apsed
time oV FHEDEPRIY sﬁg?%g“f S%gﬁéh&g WW%WIWW%B%Wt o Low or
Vi ceroveq RE of WPSERS bt WbdR s Udimnbeled 1 fhe gﬂ@w 25 that
processe the*}fiorre data So as to deri veet he gl;?n%rqhaﬂé%s%gg C arq%ct eristic of

s the nsemseor detects the Speed ofowheé] rotetion apbwEponsiecippdoditces @ speed nmenory
thereof. The notor 21 is actuated via a control unit 26 that is

r esponsTigatlythah 113s o) fresiuehey aaapertionab to dhe mgtionalowhegh spesd Sower to the

nmot or ' : d 4 or .21 Rhas hy full stead
rate ol dPick oRGHP IR sPORE SRl Rty PR, BY W st o °°
Connect ReAtOpdlfe of HPHPRIY #Bnd10ahd réspdnSRERY préfubsCa? ihsbitdhedfis @ di spl ay
nonitor or plotter. The notor 21 is énergized by a power supply 28 which

may Be periadsignalihathasravdlgeropresemative ofghe Betgrmiedipernioda tinming circuit 30
within the s 4 N it . Si.n n oscillator, 31 fed o the clock

i nput (CLx) ﬁ‘@aﬁ?t‘g?fgﬂ]%ééé?'gﬁ@é“&i@ rfsclosss s mpthast At spBEtnghe out put of
the sh §pe%g i£Ss F&idad bﬁ;’@w‘ ' tcogw&) first

count e?fhgzl% oSe “out pduftsai S fe%byci)?t e corr%pu er 25.7 The oﬂ%ﬂ%nggf t he shaft

encoder ti®2 pesiods weth seipbyt tare pulse fmir sigdalootdained fitom theeowpabofai nput

(ENABLE) of the second counter 3,3 whose output ~ is _also fed to the
conput eFOtBIENE Epaes fensor; tpeasppng tipe Jength from dhejash pulsgeedaeriaithoo counter 32

(ReTft oPteviohE abe R BB it b PR e B BaB b I ol o 25

SO as tQueaR BSripifationcrefétefte %ﬁ&id&?%ﬂé%ﬂ@%ﬁﬁ%%ﬁé%&ﬁﬁgto be reset

t her eby, as 'l now be explained. The operation the timng circuit 30
is as fspdedwef tHheotatingl bady oo the? batia seftitenresutivef the ¢imys ledgthr oduces hi gh
frequency pul ses having a known, stable frequency. As the shaft encoder 23
r ot at esTCSEEEREAL Wi t h the notor shaft, it produces sequential opposing

bi nary | ogical Low and H GH states of |ower frequency than that of the

4

oscillator 31. The relatively |ow frequency logic | evels generated by the
shaft eSEMBARY OE TRE NECEONb! e i nput of
28 It is therefore an object of the invention to provide a method and

system for measuring rotational speed in which the drawbacles associated with
hitherto-proposed arc substantially improved or eliminated.
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16 DECEMBER 2002 WO 991 66335 PCT/1L99/00290 -12 the first ﬁﬂﬂﬂkﬁ%Eé%ﬁ&nd"
after inversion, are fed to the enable input of the second counter .
Consequent |y, between successive EN-LE signals, the first counter 32
measures the nunber of relatively high frequency pul ses produced by the
oscillator 31 when the encoder is at logic HHGH and the s second counter 33
nmeasures the nunber of relatively high frequency pul ses produced by the
oscillator 31 when the encoder is -aft- | ogic LOwn, both results being fed to
the conputer 25. The conputer 25 is responsive to a change in state of the
first counteguEiNaBlobjedtiedl rédlizeddntadédrdanddwithal Broad dspect’sfihgctive
outputs of the first counter 32 and the second counter 33 and 1 o feeding a
reset sinyeation bytprevidaxypaméthed Ru7testingan slectrier mofor okt sompeament t he fir st
counter .32 when the encoder |[s at |ogic L and clears the second counter
33 mhenﬂFﬁ%ﬁéﬂEUB@ﬁ°ﬁ§%@ﬁwﬁﬁgﬁébﬁﬂbﬁﬂﬁwﬁé:output of the first counter 32

bet ween sugcessi ye ENABLE signgl g, is,th ccurate rgpresent ati ve of the
time takeﬁ‘ﬁf o?é?%n%ﬁﬁfqnﬁgﬂi‘%dg}a%zgfﬂbe%% % ?oq %?ﬁ@@{o kew se, the
out py of thees&RPWIG Sk b b \sEat [ s is
accurately regresen tatellﬁf e o’fa th%qgﬁg]ta nﬁ?gér:\ét&he shaf t g%g der 23 to
remai n at | ogpairLofv.sefuentislskogio nated ajortebporriRatd ®rigotal aagubas a
resolution of only 5,000 pul ses per revolution and that the speed of the

notor 21 is atotatbon afthe oming elegtricmpatoshaft encoder 23 will output 5

mllion pyl.ses per.mnute. Thus,,K each 20 pul se ,has a period, of
appr oxi matlgl y MEGSYINg an geeirpu ageq,\éppseﬁt{m perind of specassiye a9 count er 32

t 0 measure acgyy: LA , . G i i . described in
(Soove-r of or onSHi ofites getREsR R 26T Aol Bulig rHBRE T2

integyal, thegehalbbtrRNgmetisoas 1 dllow? deRvatidieaf b \yha@fy speeds@neeach of

which is a sanpling point, as opposed to the single sanpling point 2s

contenpl ated b t8ristia o€ the mitating, eld@ri dtotorSpma furidtisn thereefitantllo. 5, 218, 860

associ ates .t he neasurenent{ of tipme with many hyndreds of pul ses, any duty

cycle err&r) a¥sygi ?é’arn%l%sae&értnpmcglerapger@#@ztth@ adad GolaiBg al beit at

accumil ot od_aniia mspRi AT seE ihup sBled Of Sipifhie Bral B, Vo
99/ 66335 PCT/ %8%99%1%)%& e Eiiﬁb%'btggé%r AR 6 sﬁ_’e@& andht ﬂq}]xgtsgté%tg?ﬁi nst

ith
determ nati on of dyn espons he machine. On t hand, U.S.

Patend No. 4, 88fingSteatly sthosepthelunlbddedirotatidg elettdsnyorgest ti me measur ement
of a single §ul se only and therefore prina s facie does all ow determ nation

of dynam c r Bsplerabdy, thereds &urthegdneludeditherstep efypr oach is subject to duty
| i . f h f t ity, furth

! abor at el ThalchBtneat: tntgve F°ae sPlpechechBr' biortieede acinunber of
| i : i Sl t he dut

pul ses per reiﬁ%déiérﬂﬁn%i xﬁdﬁ?eﬂt%?ﬂ{l%fggm o@tﬁ%&%ﬁgﬁgﬁﬁt dthe auty

cycle. Tf the duty cycle I's speci as berng e tinme for each
. 1 o pul se neaspgedcchayacteristid of thd Fotatifig Bichihecor r esponds to hal f the nomi nal

angul ar . ] . )
20 The invention also contemplates an apparatus for determining dynamic

and static speed-time, torque-time and speed-torque characteristics of a
rotating machine or of a component thereof. By using a pre-calibrated rotor,
tests may be performed on identical machines using different stators so as to
provide relative performance data (both static and dynamic) of the different
25 stators. Likewise, using a pre-calibrated stator, tests may be performed on
identical machines using different rotors so as to provide relative performance
data (both static and dynamic) of the different rotors.
The above method can use, in step (b), a method for measuring an angular

rotation of a rotating shaft, which comprises the steps of:



i ncrenment during each pul se of the encoder. For exanple, i g{é 3, 60b
pul ses per revolution, this corresponds to ten pul ses per i?eé g(&'&@%@?i on

of the encoder. Vitulli, Jr. measures the tinme for one nom nal half cycle
of a single pulse and calculates fromthis the nomnal tine period of each
encoder pulse t s based on the duty cycle specified by the manufacturer.
However, this is subject to inaccuracies owng to the inevitable errors in
the duty cycle specified by the narfufacturer, which are currently in the
order of 10% Thus, whilst Vitulli, Jr. provides a nom nal angul ar
rotation i(a) aa&hﬂﬁhg toutheeslafft ahdigital aotare raocodsr, whivh eliycessivelyi ng

cal cul ation of angular velocity ;) 2o during a single pulse thereof, the
actual result geseratesmpposing bimiry logicistates sucgvth@ﬁ anyrpair ehssquagtialhe oper ati on
of the nmotor test stem 20. Thus, . initially the.not 21 s energi zed and
Che out put _of 168G s autreBonds 193 ko el solstiotpEbestiafibove.  The

sanpl ed dfﬁagt ggpglgg:ﬂieg%ﬁ% and processed by the conputer 25 and the

processed ayeéd on the 2s display device 26. Any departure from
an aceept p @ﬁll?i I e r&dahg signal to
be outgput qg)y ?E%&%g%&?g? 2 faolr%sﬁv\%rtﬁ?n%hg&a faﬁSt)g‘i&%‘r?ndtag)‘)ri\gi éSl‘bd(l:ih a warni ng
si gnal may, ofsucesssive logie statgeneeated byrithe digital votaryadéncodek andn manner .
Optionally, as wil|l be explained in greater detail below, the fluctuations
on the trdd}i summingesail prespectivg dimengeriods pesociatek ity €9ohoo/ 66335 - 14

PCT/ 1L99/ 00290 accel eration of the nojor 21 may b ved as to produce
the conventi orf4FCESEIYE; lOBICSIatg §047 é%t‘%ﬂvgt%?‘cé’rrﬁ‘ﬁag%s e‘gﬁﬁ’ﬁhi cally the

dynam ¢ not or ; j Sk . : ' ' tor as
-(c nput ed fromut%ﬁg@ﬂrreg;%{ce E;J:Icééel?gngé%l?ﬁeﬁggéeerﬁgggi%mgyc%gﬁg s produced by

the gbpaft encqdriy 2dcodehtbereby allowirigderivationdf the dpabd foeitivpesr successi ve
pul ses may be cal cul ated since the angular rotation commensurate with each

pul se i s knowd function theseafwfithaishafhe not or speed and therefore torque do
not conti nual increase with tine but, rather, clinb and then fall for a
Chort ot . i BRFRGH we plidysaR teprosd sprerchitode e BRI ol y 0. 04 5,
this eff C . . L | wth time until
t he steé’g‘?i“set@t%g&%%%?’f“?gﬁtﬁ%@%&?@ﬁ%ﬁ%ﬁ%‘@g%ﬁﬁ cu él?ﬁﬁ% is to be noted

that evgptafoRofitheshat. Accoffifip 65 siudteatiypprbads thd dlapsedtimesé i | | continuous
fluctuations in its speed. These fluctuations are only apparent by

measusi myedseedofoy thelogical stiatesto changrefromt IO Wate BIGH and back @fLQW se peri od

of the rotary encoder and are nissed altogefther_in hitherto proposed
met hods O§déeepessn. Mihoughthe timeintsrgal @%@f@iﬂhﬁi@@%ﬁ%I%@s It has

I dy b d t 1 | db £ fo::th t 21.
't oao. it PN 67 al fnghise ARG REEERVEARERRABIEE 5% WA rorrent o
inerti -t 1Bbid OO Gt v an |l ows:
T ) B s dintiatighic B B ROkl b T Rt O e, @ =

Iv? ment abtatiodl Thas nleasuring the aceurnolytddelapsedaiine intontad betwoet

20 successive pairs of logic states avoids duty cycle errors affecting the speed

results whilst reflecting any change in speed on the fly. Consider, for example,
a rotary encoder that produces 60 pulses per revolution. In the case of U.S.
Patent No. 4,535,288, the shaft revolutions per minute (rpm) can be
determined in a one second degree interval, and in the case of a very high

25 quality encoder (with duty cycle error in the order of +10%) will give rise to a

measured speed inaccuracy of +10%.



L(t) = instantaneous external load at tine t. Since no load is connected to
the notor 21, L(t) is zero and equation 2s (2) sinplifies t & DEGEMBER20@Q dcv
J dt 16 DECENMBER 2002 WD 991 66335 PCT/1L99/ 00290 -15 Fig. 6 shows

gr aphi cal | yYOR&66335- up t or que characteristics which are deri REI/ILAYM20Ne
speed characteristics of the notor 21 g‘s follows. The notor 21 is operated
w t hout any external |oad and the dynadi'c speed characteristic s is derived
and stored in the computer 25. The tinme derivative of the dynam c speed
characteristic ilgid fdnitedlycsigpestdan @ ShPateasNot 5/21Rtd60![celd 104iné De] known
nmonment of inertia of the rotor. Seeing that the speed is determned in rpm
t he resul t thatsfordergenmnsters, the maskiafthdarmaturetmay bg seffidientbolargs tot o t he

equi val ent angul ar speed in radia er secopd relate to_the dynam c torque
from startiMgVideR PHIEY ﬁn@aab&pq%ﬁimp 19 sy fle%cclmtﬁ@t Noy 5,24 8868 alsey s

h teristjc i tabl e . hdi t | s t.ak | { tart
the motor - aitcs,For BREPREREA el 1oR8 choBt, Befond ol e 867 Fes® ol Tage.
F I ' o) ()

CUar Coa Bt PRI BoRFHORACE RYERG B By R U Relile Bl bR e 'Coon o

vol t. |'s Thghéreatlybneitial, drdny easgipke haehktively Ringairgé té hﬁcn@tsa&%%m@n in
Fig. 6 allows determ nation of dynam c notor characteristics ich are

unat t ai nablspeed,t thus allowning snlicientssample pointsdorhy ebtatned. Thised notdhe or que
characteristicsg only, The dynanuc ch ractgeri stics al ,Iam i.dentification of
mot or f aul ta@se & smdlblowminertia metosy Where the extesnal inegiallaad s magdatery ¢ i ng

I i fi i 2 .St i,t h f d
(pats (i) e mabt Hor SaLeBRErhhiaRt uFRneqROC Slow Hivedhe dRSE The
noi se angl ikade siddd hecaf@fsgéed QiU By AU 1B G %ﬁqdi&;tag&ﬁ;glet PSﬁﬂ?sOfté). god.
| i kewi se provides ah I ndication of the strength of nechanical noise in the

not or ari sicbgaihednitcisatiges clear tthat {H8qPatetr Nog 5251 86 ldeeaitnoorillopi i ) The
dynam c torque characteristic gives an indication of any inbalance in the
h

rotating pardapekationetontheopresent; inventien dyhighi allavey ferethehflywheartosbé c of fers

B e e S5 R P Stn ot o A BRbb 15, 20
concentrat §f.refifkel ?eft%eﬂﬂaﬁ giﬁ}r%?glmggs ?%ﬁgﬁdy%tgé%%éa_e not or during

run-up. However, esire | ansi effects can be
renpved ;0 as t OlhY @ivefiiol ARoHIRMIBdasiperent oNMEscillating torque and speed

during steady state condition so as to derive speed-time and torque-time

characteristics in both the time and frequency domains. In such case, a
flywheel may be used to slow down the time for the machine to reach steady
state, thereby producing steady state oscillating torque and speed phenomena

20 during the acceleration. This allows faults with the machine to be highlighted
that would not otherwise be apparent.

The invention also permits greater flexibility of testing the rotating
machine. A user can control the sampling time and the time from which the
sampling begins. The user can likewise control x-axis (time and frequency)

25 and y-axis (torque and speed) thus allowing the device to be used as a rotating

machine analyzer.



characteristic shown graphically in Fig. 7, fromwhich may be derived the s
conventional torque-speed characteristic {shown iii Fig. 11'9DECRMRER a0020f
fluctuati 0%0596%5@ transient effects can be achieved in several vvaé%s. The
not or shaft can De mechanically | ocked and rel eased only wheRCTARII 020G,
current achi eves a steady state val ue, Alternatively, if the notor 21 is a
Permanent Split Capacitor (PSC) type iRducti on notor wherein the stator to
conprises a nain coil and an auxiliary coil which may be switched in

paral | el WBRIEIMPESCRIPIION (OETHEDRABVINGS| rotate only when current
is fed to both coils. Therefore, initially current is fed to the main coil
only and the aukm lordgrytoauiderstandsthiet inventiomand @ séet how! iy mayere tareiedur r ent s
in the main coil have stabjlized. ,Again, jt should be_noted that both the
mai n and a@% M BraFticeqpdireferredeembedunent Syilk BawWdbs dessritedi bYowry afhen t he

a.c, supply.velt ual,s zerq .gn_ids u rd clinb. More . generally,

r epeat abi If{??'%f%@ﬂ e&gm?é) %W‘&b%ﬁeﬁ“ﬁg\@%ﬁw“%ﬁmm H&Wﬁ&/\m angle in
t he a.cC.g vg)hg&ge supply cycle. Yet another way to neutralize the
fluctuations of transients is to process the dynam c speed characteristic
of the notor usims ﬁsméFﬁbt&iﬁly@pﬁme'&oﬂt@sﬁH&H,S end, the dynam c speed
characteristic showmn in Fig. 5 is sanpled so as to deter m ne changes in
speed as a func¥Figin2a$ at bloekddiagragm ahowing fitrictionalfy tahmotant st sjfdtemr esul ti ng
signal is Fourier transformed fromthe tine domain to the frequency domain
so as to dasqordinge the HYEEHED: spectrum The frequency spectrumis filtered

SO as to renoveyt he, hi r frequency, harnonics.and . the 2s resulting
( Jpectrumis tra#ég'o:? r’r%gh@QE{? cﬁ&rtaﬂ’egl??‘ﬁ’é‘gd%ﬁﬁ _of the; mogor(:{;ﬁﬁgxqtplgn it
shoul d Qe .ed t-hag. taining the frequency spectrumis rendered possible
by vi rt@e g%lteﬁg@%%'?ghat the tinme resolution is sufficiently high in the
time domain. H yierd & o dpgramihodine B prihdifalchepsforldperatigsleut i on axe
not capabl e of resol vi ng theﬁfé:equency %pec?‘?ulljm9 %Z OFD 16 tf[I)%SCEIVB~~
€900290 _ fudtor testtsyatemt HeownppFead@h t o canceling the ffuctuadoirs in the

transient eff~ect~ of the stator current is to rotate the shaft in an
apposi te du-e~i 8ig% o tt9e 13vshay . ssephiselly gypisal @et i BACamduction, mgterag t he

.tirno that C i L1z 0 enei saaxc i of the
acecl czati OitasieBb Al BERRERT of biphie LR FERRIETR et Bcorlig® s ol
known apd ihe jdosmiaped. for exanple, in U S Pattnt No. 5,440,91 also
assigaed to Autonmation Technol ogy, Inc, and entitled "A Meti~od arid

Appar atus for Migeurldnt E9ishoiwographjvalyduether applicasiohs effuketinpemionassi ng i s
simlar to_ that described above for derigi~g the dynam c speed

char act ~et fosthighlighting faylts easteady statgcpaditioed characteristic t 'r ) to

" si the t Lent t i N t.. Fiqg. h .
G aphi cal 1yt heXSata Aot 43 ShasErbPicaly diFa: aar kapions SE<be afRifions
naot o~r i df'rr}g%@?%tﬁrgﬁmgo “fﬁg'i‘f%on%i g&?ﬁnaesult of transfaorm ng

t)he speed char ICS notor to t requency domain. The
frequengy specl Mg 24 isaf biockdidgram ShawiayifiacticlatigrLdynehio torjucadnd: $
regarding the notor than nmay be resolved in. the time damai.n, Specif
tally, clespeed amdlyzeraforodispleyths spesd oefenque eharastepisticaref 8 potating
~.ttctuatiqgns, ,The ment. of inertia_ of the rotor nmay be determ ned by
deri vi ng t&ﬁi@%\’ &9 tethe WVEBHOR, st cs: one foot the unl oaded motor,
and the othez wherein a Irnawminertial load is applied. to t)se notor
shaft. Thug, the zo follow aag steps are perforned: (i) deriving the speed

time cl ~r aRETATLED DESCRIRTIONQFRREFERRED EMBODIMENTS

Fig. 2 shows functionally a motor test system depicted generally as 20

25 comprising an induction motor 21 having a shaft 22 thereof coupled to a
digital shaft encoder 23 of known type. The shaft encoder 23 does not require
very high resolution and, in practice, may generate 5,000 pulses per

revolution of the motor shaft. As the motor 21 rotates, the shaft encoder 23



a 'Dafang the effects of fluctuations in, the transients th ~ |
couple to the rnotor as inertial |oad of |~avvn nonent of ﬂ?ﬁé&%’\@gﬁﬂﬁfﬁw
deriving the speed tine charactarlstic of the | oaded notor and zs

el i mi nati NYOIME6335—cts of ilucluations in ttze txansiauts t RETEHTY003 yv)
processing the respective sped characteristics derived in Vii) and (iii) so
as to deternmine the nonent of inertialbtthe z~otor. AMENDED SHEET 16
DECEMBER 2002 WD 99/66335 - I g The calculations are based on the foll ow ng

?n‘ili’?tr: ¢ 2?geé%éi."@%fﬁk%nﬁmeﬁt{%ﬁweﬁ e Epnd W 24 b ciashitel e '
ot or | ondodPa R or e G, e ) BRadgt o Gw R om Bk " ' S e

maxi mum nNOLOW toprdee vérsha-Thesuctessiventmarihteavals iare pleted @ dongfuteng s | oad
applied thereto. Therefore: Q dcv =~Qty)~ drv () dt ~"a,~Z dt m- 20 from
. which it cthat proagssdsithe timeadata go astaiderive-the dynemic speed ¢harasteristic of

PCT/ 1 L99/ 0Q290 6 DECEMBER 20 9966335 . 19 PCTI | L99/ Q0290 The not or
test _S)é|s5_t e elr_eowri?d 27 GHRctiurohids el twﬁﬁg@mm&mfhﬁﬁ@ﬁrm or

en idlin i e r - S - e, an
I ndi cati on?]c}? “i“ﬁtgr ?EggF‘fﬁ‘géédg\agtahéé’%@éﬁ@}%ﬂ‘&%ﬂﬁ%@ﬂggé‘éﬁﬁﬁt ed by an
a.c. PSC ipducti r [ itﬁ?m y sihde I ned rin
i dling, thgxgn‘g?g‘?ﬂ%éufggga% a %Lasfigtal y ﬁgag’ng??ﬁit; hgp%lgdﬁﬁ)g\?i 23 g‘u erQFrrpoged
thereon a hitégiyptedi pudee tign nestop @it had achieveddoli stgadyostae speed;ahes by t he

varying rotating magnetic field. Fi&gﬁp 10 shows graphically the product of
he tine dsighifsitigthe sompletigpebthettestpreenduse leanngeted tothercamputendént of

-Ynertia of.the.rotor, indicatiye of . the stren of f he chapgi.ng ~
t orque K e’ét%g‘sé@ax ﬂ@“ﬁﬁtzgfs%%eﬁ g &Fﬁprﬁ' H’r?&étprgfg’il&ﬁs ?é‘“ﬁ%ggt‘?ons.
energized by a power supply 28 which may be actuated at a precisely known
time.

Fig. 3 shows a timing circuit 30 within the sampling unit 24
comprising an oscillator 31 fed to the clock input (CLK) of a first counter 32
15 and a second counter 33. The output of the shaft encoder 22 is fed to the
enable input (ENABLE) of the first counter 32 whose output is fed to the
. computer 25. The output of the shaft encoder 22 is inverted by an inverter 34
and fed to the enable input (ENABLE) of the second counter 33 whose output
) is also fed to the computer 25. Likewise, the reset terminal (RST) of the first
20 counter 32 is responsively coupled to the computer 25 and also the reset
terminal (RST) of the second counter 33 is responsively coupled to the
computer 25 so as to enable the first counter 32 and the second counter 33 to

be reset thereby, as will now be explained.
The operation of the timing circuit 30 is as follows. The oscillator 31
25 based on a quartz crystal produces high frequency pulses having a known,
stable frequency. As the shaft encoder 23 rotates together with the motor
shaft, it produces sequential opposing binary logical LOW and HIGH states of
lower frequency than that of the oscillator 31. The relatively low frequency

logic levels generated by the shaft encoder 23 are fed to the enable input of



The notor test system 10 al so all ows derivation of the varyj of
the | oaded notor at working speed giving, for exanple, an %{%W%g%&&f t he
magni tude of the strength of magnetic noise created by the notor when
runni ng atW@IPRINY speed. Likew se, this provides an i ndi cafiCIALEYORM
magni t ude of the strength of nmechanical noise resulting frominpacts
against the load resulting fromvariatldens in motor torque. The speed of
the notor and applied load vary owing to the variations in torque arising
from _ (i he "ud Hi 836 I il [ et ween
he v, e g?scsduct for 30 gt AN BricPlbn, A0 ﬂt°haéle§%%§§c il dioghel oS
with the meeoonid eduritereds. Eonseduiatly,obetweet dradcéseivenBNABLE tdignat efieal | oad
gives an indication of the strength of the changing torque created by the
| oaded not Girstzeounitem 32 umaasugesathevekibey efpealatively eriglarfyequentcy rpnisesal so
provi des an inpdicatign of fhe magnitude of the strength of electrical and
mechani cal Prrsiused ity Wiy R8GiHates it Wl'@ﬁs%f enqeder ¢nabdogiotBIGH mand. thel shows

A he ahavestod Gids vt e 058 il Y el i ety Pilienpen
2002 WO 99 : 0] t he d-ti
characteri é@@?%ﬁ?ﬁﬁ%@é@%ﬂoﬁg&ﬁgggg?@‘}ekqﬁéﬂﬁgﬁ"ﬁgaﬁ%%gr '9%??\% o:‘ "

this curvebeinbtfed toah®\compoiert 25 THiecobémplifee 25Sis radfdnSe 8% Einge in
multiplication by the total nonent of inertia of the rotor and external

| oad t oget btate gifvihe find cowriter ENARLE -signsd dforheaptoting i thei dataf os tHee not or
| ess the | oad. This can bg tﬁgo as follows: (8) dt where:M s _the unl oaded
tor tor qiRspegtiveqouipiity @ r%v%! conntes 34 japd othe sesond iqounten-33 jand; he

Shows. gRupfaing § et SERate e afinectlt Bof onls et T clous bl 1 i o
11t 0get hegoiihi 3 i ARRE s SatBRIAES N b Uaind Dok 8Thunted L, DI g

an air-conditioner fan. For suc the speed-torque characféristic is

general |y paealsd bfcdder $aegicRICESThdbapat of tR st 8hihté3h bafwsepect s the
notor torque-speed characterrstic at the actual working speed of the notor.

Fig. 13 pl succesdive ENABEEsigrald &t thus racoutabely reprgsentatpeecol’ thedire talenst i ¢
shown in Fig. 11 and th& t or que- speed characteristic of the |oad 20 shown
in Fig 12f@dhgshall eagpdere3 to remam atpgio  HIGH. Igkeviserthe ¢itaphosHwan in
Fig. 13 is_deri.ved dur,i e 100 e-nmotor 2s fromstartup to its
Full ok EFoB EmiR a2 b REGT SRR ER A ERIEls Sopi T BREST | oo pec
of Iikelo?ﬁ,@ iheaRMd i b § fgwm t he sane
point in the a.d?.m‘g%e o‘?ﬂﬁgﬂggpp ﬁﬁ%ﬁgg&@ﬁa}éﬁ%géd‘?h a particular
system reduced Efepasaiming thitthe shafirensedersi3hiseairezbhition gfwnly 5000t he a. c.

cycle where the voltage clinbed through O volt. Thus, the characteristic
16 DECENBEWE@DEWU‘@&I‘BJ}BBHd hat the: speed 9g/the 100tos Rdvia asrowi gs 1080serves as

o oreel T 88 e bhach) S RSBl P bl el | ool
rev; o (RUsERS} g PERES HlrdREiatehf 10 )87 Whictf RYu iR 3hE Copdity "0
est abl i shi gf theeoiintse B2 @b ahedstre acouratstyl Mfoi@s/er, 8y comparison with the
system described in above-referenced U.S. Patent No. 5,218,860, within a
16.67 ms time interval, the shaft encoder 23 will output nearly 1,667 pulses

each of which is a sampling point, as opposed to the single sampling point
25 contemplated by U.S. Patent No. 5,218,860.
Since U.S. Patent No. 5,218,860 associates the measurement of time
with many hundreds of pulses, any duty cycle error associated with each puise
is effectively annulled, albeit at the expense of requiring a much longer time

interval for measuring the accumulated angular rotation of the shaft. As



Havi ng conputed the | oaded notor torque-speed characteristic shown in Fig.
13, the static torque-speed characteristic of the motor shd@REFEMEER$Q02 1
and 12 may be subtracted in order to derive the torque-speed characteristic
of the | 0dHOIHEMS graphically in Fig. 12. t o The run-up st HEHLIVYGL speed
characteristic of the | oaded notor before the renoval of fluctuations on
the transient part of the characteristlBe has a generally sinmilar shape to
that of the unloaded notor as shown in Fig. 6 and is derived as foll ows.

2ad i 15 11 P HERH AR LARERITAS ARiATIARRIRIGIL! Wydinft RRpGETE 2hove

deri vati vetH®ymhadténtéot al nonent of inertia of the rotor and external | oad
t oget her gives the dynam c torque-speed characteristic of the notor |ess
the | oad, as isQn therotheo hamdyudtS. Rat¢e) NoTHi535,288i to kisaplad:. ¥itulli,iJe. serves
as an excellent tool for conparing the dynam ¢ performance of a batch of
simlar - dogpsegesst \tlmqme@sur@ﬁm? @i sinigle uiss anly singr theredore psmaot 1 hi s

h terigti.c,is k f .est abl i.shi .the f t |t f ded
machi ne e Aog,AloW! deiemination of AVpAMis sanits HRVEYer,§ Batedh Bt mot or
| | oad ) X ¢ ) : ¢ thi
(F:)hgfac'? Zri %ﬂg&%?ﬁ%@%{g&? g:&%%ggge%&gh&m% |OE§¥\% g%eo@%%éfg%ll caf’ goi seI >

resul ting &g ow Yiathéidlasiated. The neinifactars of arratarp enésdenspécifisithe Duri ng
normal wor ki ng conditions of the | oaded notor, the notor and | oad npbve at a

B e e e eent 17
- i). the or ii e Load, an i
(goor coupl iRy %lfi\:&?hq cyple IP@PF%@B/*’@%‘EE W ;Sl%%g]@tt“@f’%é’hﬁa ne
-derivatiyve i shi C. W P, £ 1 ja of the
ot or - alioRtiss mERRANY FIALAGE Hehly ctbesBohd iomdth i Horbingl Rl ©
strength Oﬁlcié}ﬁeﬁthdtﬂ%g‘_ﬂaéki)?ﬁlée of thate@rolyr. Foe ekﬁ&@_ﬁg B2 a8 poouUNNi ng at
wor ki ng speed. The varying torque also provides an indication of the
magni t ude ptilsehperstevehdidn, diis eberesporeisitoden pulsehper degreeeotattoradf ther ki ng

conditions of the |oaded notor. t o Mdst of the tests described above
rel ate to emeodesnpitellie Jrgneasures thedime o one mominloaalt gyclegie single: he

i nvention also _cqnt | ates the testing of,.conponents of a nmachi ne by
conpar i sonPt eé’nﬁ&#":ﬁﬂes ?‘E?é%l@ms ERPH s'.‘g[f—tbrpeﬁg |°é‘,seaf°‘3 GBP‘S%I RS est
differend paded 8n Pl dl@rs?eéﬁied‘bghtﬂéeﬂ{aﬁﬁﬁ%ﬁ%n StiBRVer, Shitsgd and the
above tests may be perforned sO as to Uerive both the 1s static and dynam c
per f or mancsulgiéctt be ina¢@racily oveingato rthe t inesitabile sérsorisnir dlse ahtty adyclehe sane
nmotor using different rotors, the performance of the rotors ma

b
conpared. &peciligdby thsmanpfasiuray which are enrentht adhe ordar qfei:flg?)#/range r ot or
comparod. o "SybE R VRS 1e R owdes A A BB et ot FLASE ot e to

_the ”BaSUfgm%etoﬂjuetﬁa rﬁﬂ@ﬁ&?g&m aﬁf)g{ilxlgg calRiRioh lzggf‘ggcl;igpr que

tics, Tfromstart up ma e until stea r eached.

{ char act eri
\ﬁus, byp méasihg aihgdle pubetthedeot, the adfuab ety e cudate.has been denonst rat ed
that the speed-tine or speed-torque characteristics can be determned with

much finer 2s r &gl dtisoa flomindiagram shoydog\vibd operatiers wfi thg motoratest age
rotation in a fixed,tunge, i 0od. As result, fluctuations | C cur
during t heSYYR e&?’“ﬁa\nﬂgﬁb &ﬁ@ﬂﬁ%@rl is FRprgized and the oufpif OEZIIH%%QEP&C

resol ved, el | ' r g d nce, whi ch has
Cl uded i ¢ FEUSR 38 s Sl e O LRl R YR Ra Bt 8813 S UBRRE il

PCTI | L991087RRssed?By the dtiipites 25Daed (R Rirabdesd (dagd is aiplayeliesh the

unl oaded nichi ne reaches steady state, the nomnally conStant speed or
torque ps displaysdbyieet26l Any departure from an accepted performance range is

calculated and allows a warning signal to be output by the computer 25 for
warning of a faulty motor. Such a warning signal may, of course, be rendered
audible or visual in known manner. Optionally, as will be explained in greater

detail below, the fluctuations on the transient effects produced during



to perturbations or ripple which becone neasurabl e when the characteristics
are determ ned according to the invention. s However, it had6BeEGEMBEB20MR by
the inventor that, even when the | oaded machi ne reaches steady state under
actual wor KYAP¥E838i ti ons, the nominally constant speed or tAQJIE9/60290 SO
subj ected to perturbations or ripple which becone neasurabl e when the
characteristics are deternmi ned accordildg- to the invention. This, too,

provi des inval uable informati on which is conpletely |lost to when the
speed-tine - torgue LStiCs eV si.n n tional
met hods. | r?%ﬁ?%?@gstg? g‘# gg&t}@égﬁ ﬁfi‘gfebigsmﬁg&ﬁgeébt%éjﬁgagﬂ&é&?hé%gpeed of
the machi neoh&ifidiaRsiatie speél tHarh&teARid. Onger rel evant to know, for an a.c.
machi ne, when in the a.c. voltage cycle power was supplied to the nachine.
Al that is reqdiigefl shews graphicailyetht liynameenhotorrspeed ahaateristic for of the t s
machi ne after reaching, steady state in real tinme, in order to derive what
is, in eff &, PSCrigductionmnaton asicomgwsed) fiamghe magasured: supcessivs time nachi ne

at steady state. e .nom na| | onsgt ant .speed, i s.fqund t.o have a dynam c
ripple c n@&ﬁ@ﬁf %@W%B@%@Eg%i’yaé\?aﬁq@gbg%chﬁﬂiéamso G HCTHBER Bt mance of
t he notor i . Efd G i LS. Lodiicative of
a,) 20 m?ﬁ&ﬁgg%‘%&;geé\kﬁ%ghsuﬁgg#%ér g@éﬁ?‘ a&ﬁ%c I g@fl‘;\égp %ge pieer c}%g t he
anmount of HRALA GRAMEAsRAtedwIR! ¢hshi gillsefs koWl et hS hotdietRethommpce of the
wor ki ng notor is acceptable or not. "Therefore, by constantly nonitoring the
st eady st atspegibahd therefore dbrqueadd netleshtimiatly inadase withkiimg buonehthiérpns and

onparing the magnitude of the ripple conponent to a predeterm ned 2s
C’Bhreshol d, chiminendnthesafalbfoypyehort time,cwheesafter hey tagain elimbd Aflenr or any

conmponent ther eof e t et the design cification., The i nvention

al gg al 'OnSPHERLTR ?IQB%F’ gﬁéi ?ﬁ%&i ﬁifglf‘%ra&agﬁ'ﬁlnﬁ‘log?feléﬂe%rap gt|°§‘\3/‘éeadly state
diti ) ; ¢ Y O .

both the 't tierease Wit e BnBPEEcAdFReB Coh iRl hbitoaE B bEFGlAD " 0,

WO 991 6633% s34 HeGlbted Rat0B280vhers Hidometd rehictieststeads statdNthiete afeestilbt at i ng

shaft has reached to its steady state speed or, alternatively, to couple a
hi gh i nert icantihyeuseBhctuationsein 85 speedy Ties¢ fluctuationsiare balyaappayenttdys| ow down

i??qbie:?né‘?g%éﬁﬁﬂgﬁé%%ﬁéﬁérd Wit SpitionialE arior A % Haouon o JRECRTBK] of hooe
avai Lablts ThaRsy RAEAs dhd R kaGicd, AReciefin MR BRokSy BRUAA 21 °: e

dynam c i Ibﬁ.bcﬁiJitilﬁbéﬂa%higsdét@blvéﬁa%g@pﬁﬂmwﬁﬁbﬁlﬂés._thaff woul d not ot herwi se
be apparent Fig. 14 shows the speed-tine characteristics of a notor when a

| o flywheel haJt gs alieadyn beemrmoted that mer flywheel needpbe ¢onnedted tasitkg t . The

not or speed clinbs_slowy from zero reachi idli.ng speed af.ter

Ropr ox; nat 510033 Etead Yoty Torie ot b6 Salciiatih 0% ROCIOWEAEET the w11 be
- Roticed th ¥ e : -iJd ristics

Sre oscilla ?@r’@e‘; e’glgc e s%ﬁ#*b?éﬁtgﬁg%ém?%a‘% eﬁsﬁ%gtggyglg%f%%égée “of the

notor. These are t s always present but are unnoticeabl e when the notor

speed rises to steady state speed ' ckly. Fig. 15 shows the effect of
zoom ng the notor speed-ti _Q%' Acs shown in Fig. 14 centered at a
speed of 1,260 rpm show ng%ir‘)? rT';;/{({)he periodic rise and f64) in

st eady-state notor speed. This cl'%ve a ) 20 serves as a yardstick for

cat egor 22 Whese M) < instantargous JorAuGAHME £ oaded notor at a speed of 1, 260

rom Fig. 16 shows the s e?gns ctyumderived fromthe speed-tine

characteristics ﬁ‘o&ﬂm?ﬂﬁﬁ .e@%@éﬂ{g&ed around a speed of 1,260 rpm It

w Il be noticed g h: L i ndi cates a fundanental frequency
hﬁén(%z{l‘zgrs%gﬁggf PRAGE,

of 2s 100 Hz, this C ing to'twce the frequency of the a.c. supply.

Fig. 17 shows ”E(z)tﬁhwrthﬁéﬁhs%mﬁll@aﬂ%tﬁﬁ&tderi ved by differentiating
the speed-tinme characteristics shown in Fig. 14 with respect to tinme and

mul ti plyi ng by tSirceaotloadds commeatedto theemoitar 2, Ldeist zeyotand|eqaationot or .

25 (2) simplifies to:

dw (3)
M@®)=0—
(1) th



16 DECEMBER 2002 WO 991 66335 PCTI I L99/ 00290 -25 The figure shows simlar
oscillations in torque as are observed in the speed-time cuf8%REGEMBERg00214.
Fig. 18 shows the effect of zoom ng the notor torque-tine characteristics
shown in FWQ99663¥ent ered at a speed of 1,260 rpm show ng sPEHHSYGIWAr |y
the periodic rise and fall in steady-state notor torque. As seen from Fig.
14, the notor reaches a speed of Z 26d5r-pmat tinet = 0.~ sec. Fig. 18 is
t hus derived by zoonming in on the notor torque-time characteristics
centered around t = 0.3 sec. This curve serves as a yardstick for

categori zi ng steady-state performance of a | oaded notor at a speed of 1,260
rpm to Fig. 19F§ogshbie Fgr@pﬂiéﬁllﬁ RES rintip 0t dueeeharhdtOdticidwhithoae- t 1 ne
characteristics shown in Fig. 18 centered around a speed of 1,260 rpm It
wi || agai ndeavedfionethd bpeedtdhardoteripties of dire motor 2idas fdlkesvse Thewtetant al
frequency qf 100 Hz, this corresponding to twi ce the frequency of the a.c.
supply. Fi ¢l isoperatedwithayt anyaextemnad deashand ealynaminspaedabatacteristisr an ai r

| arge ik Sofigavreh i Bore s Syt Sy b et ety € g B rimniea”
F o 22" shohed pBiraBelaft is3hbn SORUIAGARAE SR I BUBIB by EKRBRRCT 0, o
ai r condi t ipgsiRéntIRideRRCb e FoiRL Bethg/ that tHesdpebd ist dtehinkd B ggpgﬂﬁer i ving

and di spl ayi ng the speed-tine characteristic of the fan for er ent
shut t er poseésultomast behfustheh ovdtiplied by hfattonliutéltoiconvéere i theemudfaledte fan are
smal |, indicatjve of high quality performance of the air conditioner. Fig.

(?3 shovs { ﬁegglpé&mﬂ %"dgwaﬁ a6t Wﬁﬁlifélsi%ﬁo taeidargmg;ﬂ @rquecﬁﬁmdmwelr 2s
e spedt i BAERAFLnbsf ol e ol igond TP PharRliatsaR i REeabe: 1Y one
In this cag viﬁg%’tﬂaf+di'€q§%l€e§l%§wﬁ% Hlo?érét'&? E@&eﬂﬁﬁleﬁ%ﬁ_}: 0 10 1

i ndicative'o quality pert-ornance of the air conditioner.
DECEMBE~2~19 #02AR. Icygle 8f-thexsupplypivoltsgel Bor exarfiplepni a. gartibilaCsystehl $~~, ~'
dj c toxque and speed anal yzer 40 for displaying speed or torque

char act er i $edusedde paictiveathengotiraras sterte@ at thedpaintimoibgdiag aysle wheteny

ention. TI~ m c.taor anal .spged anal yzex 40 conprises a sanpling
uz~xt 41 fé'%eié\%ggpﬁl’rf&o‘l%i@‘l‘éé&wgﬁ speed or s torque over a time interval
and froman ini ghal S8 ' ' | o B dicspl ay 42
S couplq%ad to tﬁgés%%;ﬁ){r}g—qg%i t&gﬁe P g%ﬁgggiﬁﬁg??%@%&éﬁ%wm ﬁgd 6

allows determination of dynamic motor characteristics which are unattainable

6
a

with conventional systems providing static speed and torque characteristics

only. The dynamic characteristics allow identification of motor faults not

2 detectable from static data only as well as permitting classification of motor
20 characteristics. Moreover, it has been found that:

(1) The dynamic torque characteristic gives an indication of the noise
amplitude in the motor torque during acceleration thereof; and
likewise provides an indication of the strength of mechanical noise
in the motor arising from changes in the torque during

25 acceleration;

(ii) The dynamic torque characteristic gives an indication of any
imbalance in the rotating parts of the motor;

(iii) The dynamic torque characteristic offers a particularly sensitive

diagnostic tool for identifying motor faults.



sanpl ed speed and/or torque cl~e~ractcristlcs. A control panel 43 allows
control of a first x-axis scale in respect of tine or frequbREFEMBERI2082 a

saoor ~d or%o&)?%ﬂ? y-axis scale in respect of torque or speed. Typically,
the x-axis'I's oxi zontal a,~ad the y-axis is vertical., aPEHHHIN0INI s is

a matter of convention and, i f desired; tla,E axes rnay be zevcrscd. ‘The
control panel 43 allows the sanpling ¥ me interval of the sanpling omt 41
to be adjusted by the user, thus providing grezter flexibility, sutce the

lor~ex the sanpihdithbov¥ o8iseiNsRin? has! B6ndBEateRAL RPIfaf S o TreORFALARE. ~ 13 2t
wi || be apparent that rmdlifigations may be r?gae%?ofaita’hgﬁpglgf ?ﬁg@?g

enbodi mentchavddtdristics o fiee ot durivgrunhep. JEowever] iftdegired Viedhiationg sn def ned
in the clainms. 'Thus, whilst the prefen:ed anbodi mant~ have been desa-~ed
with pa ' thetransiestefierts gambe renaovedso as toprovidedhe seroothed speeditimonri on i s

exi ual | [ 1 Lted . for use . w th other es of.ac. and dc.. t aar.
C)ﬁb?ousry%%%%ﬁﬁafrhoé’ﬂbéﬁ@mw Yt l%mily %@eﬂkﬁglr Wn@]gﬁﬁlf’ggi €ics of
diff t ' AN e - al.th h h teristi

01 vent QB s RlERAREsN] cpdhbhe Blon R BIPHEN U Ehalacher oL co
from the raiatdisURr the faadiem SEEAS fdanabé Whicvbd GRS R all geferred

| | a é!erﬁ
enbodi nents the tine periods of successive pusses generat e@ %y the rotary

shaft encartetor asheftemsbe anechabivallp dockatiand réfeatdd ahlyt Whehntienitaton
typically offers a thousand-fold I npnmvene~nt a~ xcso(t~ion of the dyn.araic
ef fect s ofcurtest shisyes rid steady séate Healuet Alliernativelypviérthe omotort 2brial ai vet hods,

it is cleaf; t hat sgg ibég,ant i{ggqgavement |s.still acly:erred, even if the
(‘ieri ods oft ERapeRy Et 8P BPe, ipaicuQp mator wiereiry the otatek anpl e.
MVENDED S 1m0 7 1L 2 i~ ally,
W ust Pnornprist A sieins0thhnd sty SOTRHICE 184 Be hale R BRI ™
penomanceyitlg siid faird Eoil Ak ithefbtoR-Mil R6fate bhlyl Whé® clifentidded ttoMdth hat the
i nvention affords better resolution of the measurenment of axxgulai rotation
r egar dl es<odf. Thergfarpemitialyapteant as fahta thewhainrcoihomyiandtheliangiliaeg. 1 n t he

met hod clains,ti~at follow alphabetic characters used to designate clairx~
steps ar e Pilods Gﬂﬂcﬁif 1R AT %@e“@?ﬂy%&“@@tﬁoﬁl thepmpain fpib Rave cul ar

GLA W 1. TR . RbTREbe AV, e ot ey Bt S AR e
Lnt oaddl SOaF R S3fICRAPT SN SR, Wed NE: SCRIPM volties Mudh BR) Encoder
(23) whi clitsggpveardt dsnbdose gendralinmepeatgbility tedyelse snsured by supplying
power at any other known angle in the a.c. voltage supply cycle.
Yet another way to neutralize the fluctuations of transients is to process
the dynamic épeed characteristic of the motor using a suitable algorithm. To
20 this end, the dynamic speed characteristic shown in Fig. 5 is sampled so as to
determine changes in speed as a function of time during acceleration of the
motor. The resulting signal is Fourier transformed from the time domain to
the frequency domain so as to derive the frequency spectrum. The frequency
spectrum is filtered so as to remove the higher frequency harmonics and the
25 resulting spectrum is transformed back to the time domain. In this connection
it should be noted that obtaining the frequency spectrum is rendered possible
by virtue of the fact that the time resolution is sufficiently high in the time

domain. Hitherto-proposed methods employing coarse time resolution are not

capable of resolving the frequency spectrum.



that any pair of sequential Iogic states corresponds to a known angul ar
04+0ftat-idn of the rotating electric nmotor, (b) measuring an é@:B’%ﬁﬁMngémQQOOQQO
el apsed tine period of successive pairs of 10 |logic states generated by the
digital rotary encoder during rotation of the electric notor so as to all ow
derivation of a dynam c speed-tine characteristic (Fig. 5) of the rotating
el ectric nmotor or a function thereefl7-and (c) using the dynanmi c speed-tine
characteristic of the unloaded rotating 1 s electric notor to derive static

t orque speed ' n o0, IIatlng
torque duri ng@; ea y stgﬁn%ﬁl %n%%a{d%spe@%gjﬁg ]‘%rnc}% spec %m (Fig. 9)
during seffecty oftied stadr cufrentisitozotate thetshaftrig aglapposite dirottisn to’he2. A net hod

for testing an el ectric pachine conprising an electric notor (21) and
at t achedpEagl, rotation girpetipt pad Jhew He time ﬂxaé emctea)c 8BgR¥chi ng a

oy ch goAPaiok " SpRERg, Hiinfind bF @?a%séae A€ e e 2

sequen} i gharhORiisticd Buek a(t @gﬁg@bﬁ%p@%%ﬂk aeaiﬂlﬁa&?oi fog%:g:g glnagg e;he

rotating electric notor neasuri ng an accunu

time intém{AS. B&teaﬂb&nsis«wwmtsm afsignedi 1o Autunestiqe TedtatolokyhInehe digital

rotary encoder, durin rotatlon of the electric¢c nptor plus Ioad so as to
al | ow defndgafitded oA and Appargtusfor-Meagerng Foiction nforguelr ddeer i stic of

th 28225@%@’3@%{%&%3 s@ﬂngﬁr o e el chOR, R ﬁ%ﬁ%}@aﬁ%( féaésl 0

derive adgRij %hﬁﬁcie%ﬁé‘ebgpﬁﬁédﬁ&b Othelstati® rspée&txﬂﬁi%t&x

onbi ned 0sci I I at1 ng torque-speed or steady state Speed spectrum (F| gs. 20

nd 21) since thsiignsienttoemponehhisco ongeteprepentt r um of the rotating electric

i”é’t Zauglh”fo' i & PR aranhiGaLl e shaeoncapend ot ok NBleasd bpale [he | oad.
io 3. T
comut | ngStndidisiRec BibE dable & “pidy, AR, #9E 8 B mb Bt SE &1

(Fig. 5) trafefinirg tHEHpcte |chirgtdriifics ofthd fidwedd the e¢@ohnthini ) by a

nonent of t s inertia of the unloaded electric notor So as to derive a

dynani c %@ &requmw Sph@:nant shown i in (Higg.9 @rovides haleanar otnfemnationct ri c
t . ho 1f det | at
or quds EPeRInE b djolF 3Bet sae: he reaclieed fo thk e dpmain. MpeRRicallync he
st eady %géag@?ﬁ&ﬂ% .Msﬁ\% ﬁ@%@arqh@mgﬁ&dﬁﬁwwt' ng the time

derivativ nam Cc Spee
The moment of inertia of the rotor may be determined by detiving two

separate speed characteristics: one for the unloaded motor, and the other
_wherein a lmown inertinl load is applied to the motor shaft. Thus, the
) 20 following steps are performed: '
() deriving the speed-time characteristic of the unloaded motor and
eliminating the effects of fluctuations in the transients thereof,
(i) couple to the motor an inertial load of known moment of inertia,
(ti)) deriving the speed-time cheracteristic of the loaded motor and
25 eliminating the effects of fluctuations in the transients thereof, and
(iv) processing the respective speed characteristics derived in (i) and
(i) so as to determine the moment of inertia of the rotor.

AMENDED SHEET



characteristic (Fig. 8) during steady state of the electric notor, and (ii)
mul tiplying the time derivative obtained in (i) by a monent 'SQECEMBER 3092 of

t he unl coadeyb &J/geaisri ¢ notor so as to derive a dynam c 2s speff,g-é Jgﬁe
characteristic (Fig. 10) of the unloaded electric notor in s I\ §9 %, 5.
The met hod according to Caim1, V\/ne_rﬁéep step (c) includes: (i) renoving
fluctuations on a transient part of t dynam ¢ speed 16 DECEMBER 2002
-30 tine characteristic (Fig. 5) during acceleration of the electric notor
until it reachefhecalsulationsare bised ondhe &llawingmaquatioss:st ati ¢ speed-tine
characteristic (Fig. 7), (ii) conputing the tine derivative of the static
speed-tine s characteristic (Fig. 7), and (iii) multiplying the tine
derivative obt ag' ne& ilr} i i% !béog nonment of inertia of the unloaded electric
notor so as to } ed torque characteristic (Fig. 11 ) of

t he unl oaded electric notor. to 6. The Cg according to Caim2, wherein
step (c) includes: (i) remogyng flughuati n a transient part(4f the
dynam c speedtinme characterist®® dur¥ng| acgel ¢rati on of the electric notor
pius lodd until it reaches steady state s%@e m&as to obtain a static

speed-time chargeterhsticaf 1he ol ectric por plus load, t s (ii)

conmputing the tine der®ative of (he static'speed-time characteristic of
the electric notor phugs ifRAthomadt 6f ithertidUof ithé ¥ha@rishfotbt T @grivative
obtained in (ii) by @ nonent of inertia of the conbined electric notor plus
| oad so as to derivecadculated),mad stati c speed-torque characteristic (Fig.
(jﬁ) of the electric 20 notor plus load. 7. The nethod according to Caimb5,

=D

.

vherein step (i) of m&&ww&lmmlg@m@memoﬁone transient effects during
acceleration of the electric nmotor until it reaches steady state speed,
include®: 2s (1) locking the shaft of the electric motor, (2) nonitoring

the stator cur rFBf'tﬂ’émt er'%a‘?fetdwsvﬁh@kﬂﬁwlgamgq#@loﬁﬁle‘?asi ng the shaft of
the electric st eady state val ue.
16 DECEMBER 2002 -31 8. The nmethod according to Claimb5 for use with a PSC
type a.c. induction notor having a stator, conprising a main coil and an

auxiliary coil which may be, switched j doll el with the main cd)l,
Mﬁc@érﬁ?gn J

wherein step (i) of renovi the transient effects during
acceleration of the s electric notor untih méxpaches steady state speed,

i ncludes: (1) f 'th{-lﬁ Wl -z?(:ﬂll LR &O) known
angl e ﬁﬁ t he a.gﬁgsupp %gﬁ%ﬂg@%‘%c e'}'/""i%édr?rigﬁagl?gﬁ?%gd gaéx%té)?f)apgcurrent
in the rraimaggbbue@ﬂﬁré@)m&efmt ng the auxiliary coil in circuit when the
stator current in io the main coil achieves a steady state value at the

same known angle in the a,c upply vol tage cycl.e.
do do
o) —— f— .+. o] ao—o
0 (dj ©@+9) 7 )m' (6)
)

max,

. 20 from which it can be derived that:

do
0 at ) max, 0
= U
dw da 7

dat max | dt ) ex.




9. The nethod according to Claim5, wherein step (i) of renoving
fluctuations on the transient effects during accel erati on ofé QE¢&EMBER2A0RI C
not or ~s quLw&é{eaChes steady state speed, includes: (1) rotating the
shaft in an oppo? e direction to a normal rotation directi oRCT/HAI/002)
during the tinme that the rotating el ef%ric not or changes direction,

comenci ng sanpling of the speed-tine*20 characteristics. 10. The net hod
according to Claim5, wherein step (i) of renoving fluctuations on the
transi ent eff ecThe chotongsesystened Gtalsanalddws Heriwdtiont ofi the mipipds toaqie bf i t
reaches steady state speed, includes: 2s (éLjiI Fourier transform ng the
speed- t i methef mater rwhen iidling| d€t runderpnerloal rsteaglystatel eorditions. (Bprfiltering

L anst or m RN, RRIURICRGH 96 4Bt FEREI AL 8}3&%@%‘%@% ymgwcf”%%“r?oiléé DECEVBER
2002 -32 1 ' | . ' ing: (i
subtractin e?%g%g{;ﬁ%]§g%@ﬁﬁ@&g%@g&ﬂﬂ‘gbﬁtgdl@ﬁgff%ﬁ??v;erth@? |d§% f eﬁt(el \rIZJt ating

electrig rqgaﬂﬁgpli&lﬁl\g Ot frf:lBiBrt bEhsSPREG t%ﬁuﬁﬁgsﬁ%ﬁffgﬁ&ét%@% t he

el ectri¢ notor-deriv&d iIn ' gue-spe

[aim1l so as to der

char act er i sspegingfostd ehéexeod . a SHghfl bippieetdnodcaonnorofi the timngimd torgues ur t her
including: (v) performng a G-NOGO of the electric nmotor plus load as a to

function ofreated byche vaping ratating Bysgaeti¢ Sielfie characteristic (Fig. 12)

t hereof. 13. The. nethqd according tq C ai r, 5, for, testing.relative
per f or mance ch?’&cﬁ@r? W%grﬁ“%aglé(tﬁ’resm Cﬁggﬂ%tmd@n&wﬁ gf#@ﬁor, sai d
1 s metho st O Gith( L] : i br. yoter for
e S o S
(a) to 13C)thb RtreRgRE6T (R cliipth® g8 Tréfted by the QROBE WHeRSTfRE iffler _
st at or - dependent "characteristics of the notor. 20 14. The nmethod according

to d ai m Isteadystatt@onditmmnsng rel ati ve performance characteristics of rotors

for .use in the electric notor, said r;ilt hod, further conpri si ng: (d)
provi ding a prelbamaipntestisystem 0 alse allgws derivation of e YRtying Iqraye pr ovi di ng

So as to o KBt SERoHEe ShERE R Br il AERREGHOR TR hotor
2002 33 (I O ol e, O 8, Moty WA orating
el ectrie running at working speed. Likewise, this provides an indication of the
magnitude of the strength of mechanical noise resulting from impacts against
the load resulting from variations in motor torque. The speed of the motor and
applied load vary owing to the variations in torque arising from:
(i) the motor,
20 (ii) the load, and
(iii) poor coupling between the two.
The product of the time derivative of the speed characteristic with the
moment of inertia of the rotor added to that of the external load gives an
indication of the strength of the changing torque created by the loaded motor
25 when running at working speed. The varying torque also provides an
indication of the magnitude of the strength of electrical and mechanical noise
at working conditions of the loaded motor.

Fig. 11 shows graphically the static torque-speed characteristic of the

unloaded motor. At the end of every production cycle, an external load 1s



notor with an inertial load ( 14) having a known nonent of inertia couiol ed
to the notor shaft, and (e) processing the respective torqd@p R 200
characteriwio®sens the unloaded s electric notor and of the gi@ghihgegot O
plus inertial |oad so as to determ ne the nonent of inertia of a rotor of
the electric notor. 16. The nethod acgprding to Caim3 or 4, wherein
variations in speed or torque are used as a neasure of electric notor

noise. io 17. The method according to Claim3 or 4, wherein variations in
speed or €OHBlG tathe moter and tepgedntine chaspelexistics oftholoadad metarés and

vibration.; 18. .Th t hod agccordi ng .any one of the ai 1to 17,
further ~§leﬁmﬁ.‘ﬁf nﬁe ?%e Vi@ P’et?{aﬁyf o%‘?(%ga He! s%vgb_qf:m%nsmnt
char act er $fal t ' -t ' tyel: chyi so as to
derive a 'segfé’g%’ ?{]gc?%%%@%gfogg? Flgir}]%g({nddwg?é gﬁgf@fﬁl%?toﬁeﬁ%%%egf?}Feequency
spect r um ebtorhad Wxeahal oalRbgéther gies the Stati¢ forgBé-pedd dhard@asstioss
determ ni ng vibration, unbal ance, "air noise, and oscillating torque of the
el ectrig tind nrotarlesshthedbadtThis cambeshpwnas foldekws:19. The net hod according to
any one of the Claims 1 to 17, further 2s including: (6) Fourier
transform ng the torque-tine characterig}uic of the rotating electric notor
or electric machine so as t __c_ie( 'v_g __q_g?%frequency spectrum _and (i)
anal yzing the torque frequéhcy Qjec dff é electric notor of® 16
DECEMBER 2002 -34 electric nmotor plus |0ad for determ ning vibration,
unbal ance, airnoise, and oscillating torque of the electric notor or the
el ectric rilepé: Mlistthe 1@Afaded Mbtor kBRyueRt hod according to Claim2 for
(‘geterm' ning oscillating torque during steady state of the electric notor
lus | omd af t eQsiis tiamonent lof inertieadfithastaor speed, wherein step (c)
includes: (i) conputing the tine derjvative of the dynam c speed-tine
charact eri sti c Qi w&fﬁmﬁﬁhﬁﬁ@e@i&aﬂi@%tor plus load, to and

(i) multiplyi ivative obtained in (i) by a nonent of inertia

4 i e
of the electri @gmgﬁ?icﬁﬁggq%ead so as to derive a dynam c speed-torque
characteristicmf tire $bast e BleUstdiRadoigte Shear Velst flt&ristss 21 The
nmet hod accor di rllzgéto any one %?p%e%?irm Ie, 3 or (é)l,q ancjl udicr%}@cgﬁm\}il%g an
osci | | ati dgpiepesienh Eiparldctogethet iveitid tie sgeed-tottuedehapadteristicestithesioadle speed of
the rotating electric notor, .conprising the steps of:
15 My, being an air-conditioner fan. For such a load, the speed-torque

C

characteristic is generally parabolic in shape, passes through the origin and
intersects the motor torque-speed characteristic at the actual working speed of
the motor. Fig. 13 plots the difference between motor torque-speed
characteristic shown in Fig. 11 and the torque-speed characteristic of the load

0) 20 Shown in Fig. 12 so as to derive:
do
M—ML':(Q]'*'QL)_&T ®

The graph shown in Fig. 13 is derived during acceleration of the motor

25 from startup to its full working speed under load. This characteristic is
repeatable in respect of like loaded motors providing that the motor is started
from the same point in the a.c. cycle of the supply voltage. For example, in a
particular system reduced to practice, the motor was started at the point in the

a.c. cycle where the voitage climbed through O volt. Thus, the characteristic



(d) coupling a high inertia flywheel to the rotating shaft so as
deliberately 20 to slow down the tine to reach steady- st atel!® RREEMBERRRNG a
steady-sta%d@%ﬁ -time characteristic of the rotating electric notor
varying spee eof subsequent to attainment of steady st RE@THE¥BPhance,
and (f~ zoomng in on a desired range of speeds of the rotating electric
motor 2s so as to derive for alimtetl4ime frame the speed-time
characteristics having superinposed thereon said oscillating speed

char act er iy indg. E@ SeflRs 'AQgpi%g%Héﬁit REb1 0 é?fgd'ttgflgja éb-ﬁg&g&e{l@dﬂ &/l ng an

oscillating torque aracteril at a steady e spee he rotating
electric raded of sirhfaPRsIVBERORR) %0~ B5tdf indidabe wHieprdtoishd Ssuptésep of ()
differentiating the speed-tine curve with respect to tine and multi plying
by a noner(airafonditeoricra wdter fnemps) et ) meetethe design spedificatéon Eshbolddsr i ve

varying tor%ue as a function of tinme. s 23, Use of the nethod according to

O aim2 fdiotedthatmg previauguse ofthesehasagjeristigishopmpindtigohd iskrewnder, noi se

or oscillating. torgue of a ratatin | ectric nmotor plus |oad, including:
(i) maint aqs'tﬁ%f‘% esiﬁ'ﬁ?tt‘m@ﬁbb?éﬂﬂ’@ae&ﬂ@c ttal rotary encoder for a io
desired tine d 1 I R I R Y . | ing said
desired tine d%g%@gnmoéﬁa#%ggg;%%ﬁﬁl .rreﬁcg%r ?%fg%#‘gé&?égedg%l erated by
-the di gi tial Figol 3/ theestaRe @brqaevshed Elfiradtedticodf theembt Showi H0ERK, P! us

|l oad, (iii) constantly deriving the steady state conbined oscillating

t or que~s sidemm b2 mayebes subichetesd intordatoeltrive dud touque-Sperd cldfFacterdstitl) or t he
steady state conbined torque spectrumof the rotating electric notor plus

(Qoad, and qﬁtbylwsémwrhgwghwaﬂ@paﬁgjrla-i n any of the characteristics

erived in (iiiy froma inal rati.ng thereaf. .20 24.. The t hod accordin

to G aitt 2, 't or Tt e i erbieddhatadfic iR ot Be Baced BbTOlim T oner -
wherein t . . o C b | q
there are TnaPagedl of disiations W' HeStaltt, ! of Mg BadblerkBBlal £700 . shate
speed, 2s denprallgrsimilag shiye tothstdbfitheranlohdedioedd astshowaf intFig. 6 and iand (d)

Fouri er tran.sform;_\fg the speed-tine or torque-tine characteristic of the
rotating elestvedias fadlays. plhe dyramisospesd teharpsteristicais fdestyedndivectiyedsd spect rum

osci | ot 1 APIARaD0vE AR kRSt is comnied, MR R Ao i roni ¢
sci It 1f 82" S eEDy eg! Hf mon
armpt ¢ dae, e GERYBREE Syithe (el mins TPl GPAE IANFId BRUNIO G 07,

nmet hod acaggetheg ﬁm-._s%eidynam_ié eirquespesticlairactpdstts oD R nio sydce of an
ai r-condi tioner having an adjustable shutter for adjusting a direction of

ai rflow, Jbadeas iselear! fomr equationo(9) sThusy pihis dchasacieristic s¢rveha@s an

ai rcondi tioney, .and, there are igé:l ded the steps of gﬁ’ a{ll(ﬁw'.n, the fan to
reach st edchpeientitool forgomparing the dynamig geiof & Patgh o S1mfak t o1 and
deriving qﬂﬁmﬁspl aying the speed-tinme characteristic of the fan for
Zdjfferent shutter positions; whereby sharp fluctuations (Fig. 23) in the

‘speed @f the fapshould be noted that no previous use of this characteristic is known
for establishing the functionality of a loaded machine and for obtaining an

indication of the magnetic noise of the motor plus load during acceleration
from startup. Likewise, no prior use of this characteristic is known for
obtaining an .indication of mechanical noise resulting from variations in

25 torque acceleration from startup.
During normal working conditions of the loaded motor, the motor and
load move at a speed which varies slightly owing to variations in torque

arising from:



indicative of low quality performance thereof, are highli ght ed. i s

met hod for displaying speed or torque char acteristics of a P@FSFW@@%H
derived acoa sbggssst 0 any one of Clains 1 to 25, further incl %9 Bf" st eps
of : (g) sanpling neasured speed or torque at regular tinme intérva Pom a
known initial sanpling tinme, 20 (h) d'gzpl aying at said regular tine
interval s said neasured speed or torQgft€ sanples versus tinme or frequency in
an anal ogous way to using an oscilloscope or spectrum anal yzer for voltage,
(i) controlling)a fthestotsr,axi s scale in respect of time or frequency while
sanpling the speed or torque in an anal ogous way to using an 2s

osci |l oscope ofii)spetbedoad, andl yzer for voltage, and (j) controlling a second

ort hogonal y-axi.s scale in_ respect of torque or speed anplitude in an
anal ogous way (IB)usPQ%CQHPh%&f’FWE %W? spectrum anal yzer for vol tage.

wheroin sai o st e pbydist obis ke iy BE B fak i rﬁ%ﬁ%ﬁﬁ% '

angul ar 40 indfid! of il &o&?%@d\éﬁ'ﬁ GOBR the Exierhal) 1opl! Aved ol he shaft
to generate SUCCESSIV y opposi ng binar 0ogic S s es sepatrately
neasuring digtiRacss the sheﬁgmnefrm@%haﬁgm@taicﬁré ét»hated ®¥Ghe J9adeRBRIONG | 00 C

state generated by the digital rotary encoder, d (fii) summ ng said
respect i vewhenerymming ot mhngasdeThee\mylmgumqusladeolngwdest @ne so as
to derive an_accunmul ted el aps 0 erval of successive_ pairs of

{ t
| ogi ¢ st at EliGation,Qfi awﬁée@gghé g&“"iﬂ&fﬁ%@ﬂ dimeghapicab noisgi ng
d t t f t th f of th haft. 28.
Qeﬂietvﬁoho?%*"w?%@%ﬁa@h fy BRI oR Y oot e component ~ st her eof
he et hod char %Hﬁéitégzs B&\eribba RBoVE rélfie {5HAE ohgget% AYRETERhGPeed- time

characterlstlc Fig of t e unloaded rotating electric notor, and (b)

usi ng t he Ihadedrioe mﬂmﬁdt Howvever rthe timvertioncaled cbhfemplhteﬁdl@@ltdsﬂhgtaﬁg
electric notor to derive static torque speed (Fig. 11) or dynamc 20 torque

speed ( Fi gcorponsnts of jal maehing bysrayuparison toga somueal ‘Gdeal? ma;nhgne Hyr or speed
dt t t eady st at f ot ded rot at
clectr o nxdbieol: oiderdp et RlibRLplny LnTcsraliuried: HENPHEOZEARS s\ ng an
el oot ¢ 28a(Epi00sPdnd h3ld RCASIal W herkdith N 80P hIACEH R0 DY Lhe
a haracteristic ero

steps of: measuring a speed-time
el ectri g nsthti¢ apdudynamid, perfisinidnceuof deg tﬁtﬁoﬁﬂeﬁdepeatmgcnm'saqbaslmtl c of

the rotating electric notor plus load to derive a conbined static
t or que- s petedpeatiof tha sgme matorusing differegt ritom)\therperfymange of the wotersnbi ned

or st eady D PE CRFCA-RevRscoL FaplFiing are el 3@?@*&@8?@3@5@0%3 or
pl us 1020, ek LR BRtbrb ABr0 e BErrohRRICd o ' Birofd by iRad 1S

equal to t rque of the e ric notor s mnus orque 0 e | oad.
30. The neédnﬁgaﬁgcor di ng to Caim28, wherein step (b) includes:

)

20 So far, the methods which have been described relate to the
measurement of the transient part of the speed-time or speed-torque
characteristics, from start-up of the machine until steady sate is reached. Thus,
by measuring the actual time of each pulse, it has been demonstrated that the
speed-time or speed-torque characteristics can be determined with much finer

25 resolution than can be resolved by measuring the average rotation in a fixed
time period. As a result, fluctuations which occur during the transient part of
the motor characteristics can also be resolved, thus providing information

regarding motor performance which has eluded hitherto proposed approaches.



(i) conputing the tinme derivative of the dynam c speed-tinme characteristic
(Fig. 5), and i o (ii) multiplying the time derivative obtalhR&FEMRERRI02hy a
monent of iwesdikdsPf the unl oaded el ectric notor so as to de&,’bi@ %O(M amn c
speed-torque characteristic (Fig. 6) of the unloaded electricC F&100%%9
The net hod according to Caim28 for”&g.term ning oscillating torque t s
during steady state of the electric notor after it has reached steady state
speed, wherein step (b) includes: (i) conputing the tine derivative of the
dynam c speed- t iltrthas hds@dieeni sstplainédi that,8gvamheg giceanlpadédtmacifing he
electric nmotor, and (ii) nultiplying the tine derivative obtained in (i) by

a rmonent ofreaches steady state, theaaminallyl egnetratspeed ardoruesis algo subjersed ve a
dynam ¢ speed-tor.que characteri,sti Fig. 10 f the | oaded el ectric
moror | SdBaEAons S pTbpkeeviich RetomE mr bl Sen i Bancianstes n ot ep
b) includeg; b)o {: : kQns on a transient part of the
((:Iyzlam' C sp:azgplg%é&’%%egraag&édrlﬁg{é?éﬁygﬁﬁ@ during accel erat !Oon of the

el ectriccnotor bvért i SUIREBY tI%d Afve hega static
speed-ti r5re char gg(%%rl;:\l/sri }tgﬁ?gegﬁ f7) , (7 P;fé corrgﬁltei(t%' {&%ﬁ}xﬁgﬂ%{oﬁ%&ll ve of

the static mackdne téaches stbbdybtatd/Bhder24iidal- workihg condieiohs, the noigally) , and
(iiti) multiplying the time derivative obtained in (ii) by a nonent of
i nertia of comstaphispegsedr éorgueris alsmsabicsiedato perterbations ar sipplé svhigeed

torque characteristic ((Fig., 11 f the.ynl oaded el ectric tor. 33. The
mot hod accdRGPRE MeAsrafliWhgh LS @55 CPiREmiRRdkaccOring e ng

@thgataicie wEildh, THEL W Profile} ilaitetle TafpBhtiod Aich s BnIeRIARRE ' o\ ooy
tate spgedviséh abiet §peRlttth® ar S$peedtorques Rbahctdristcs NreadbAved tuginef the

el ectric notor plus load, (ii) conputing the tine derivative of the static
speed-ti me convertoonal nsthedsofn thie case; efraoursep there id ne needith meashrgithe )

Tt oot e SR e i 5
The et hod i BPRTRG: e 15 fro-ufbielis, IPICPEREF ofes BN, 8T Lt ons

on the trangadiibe Al GeitSs Flitfuired i 66 fleakdde B8 sgéemﬁle%ha%cﬁér&ﬁwﬂhe 20 unti|

it reaches steady state speed, includes: (1) Tocking the shaft of the
el ect ri qsnuhaching 2ftemmachingi stepdyhstatetintreal tmey enordef ta deried ediat is; imot or
and (3) releasing the shaft of the electric mtor when the stator current

achi eves 'a edieshqyrea time dynagac sggecggmqﬁl@arﬁgpﬁ%c at ther @ackine gt steadyn 32 1 or

cort "and il TGl St e s [RRR” IRVEA soRBRG i, T
coi | hg\ﬂfggggogl et WhiclP ke VRETM A9aldtd GRTEARE ot fiferforBARLEHE BT ect s

motor and applied load. Specifically, too much ripple is indicative of a
)

20 working motor which is improperly functioning and therefore the amount of
ripple serves as a yardstick as to whether the performance of the working
motor is acceptable or not. Therefore, by constantly monitoring the steady
state performance of the loaded motor under working conditions and
comparing the magnitude of the ripple component to a predetermined

25 threshold, a warning can be given in the event that the loaded motor or any
component thereof does not meet the design specification.

The invention also allows measurement of oscillating torque and speed
during steady state condition so as to derive speed-time and torque-time

characteristics in both the time and frequency domains. In such case, it is



16 DECEMBER 2002 -40 electric nmotor until it reaches steady state speed,

i ncludes: (1) feeding current initially to the main coil orfPEGEMBERIZ0AWN
angle int supply voltage cycle, (2) nonitoring the stator current
in the naiﬁ%c%/i‘s?‘s,%and S (3) switching the auxiliary coil inpcﬁ%/lg‘ﬁ?/{m%en
the stator current in the main coil _\a/%‘fﬂ eves a steady state value at the
sane known angle in the a.c. supply fage cycle. 36. The met hod according
to Claim32, wherein step (i) of renmoving t o fluctuations on the transient
ef fect s dpossibleaeititreioawnis umil thé eotakingtshiaft astreachedttolits steadspstags st eady
state speed, includes:_ ( rotati n%t he shaft in an opposite direction to a

1

nor mal r otSREEDAL, @itpgatiV@ly), topeupio p igh inegtia Aywheeldo throtating shafhse ng
|l ectri tor.ch t dj ' ' ' f. th d-ti
char act or [ fULErs R dRT SESIEE 15 TEOTCRERH BB, WAeRCSep (1) of

i f ' <100 1 j is - At f th
Clootric Wty Gl orbid 38 Beed phEfbmcit HilthoBERoNERAL D ) 11
Fouri er st rapsleition) dthebe &@@%Qfﬁdeﬁﬁb@é dvifig’ &) ahd THcteliRkt fafiy "Riopé duri ng
acceleration (2) filtering the frequency spectrumso as to renove higher

f requency samphingerdints aechivadalfla)than am hitherto4pgopdsed tast beds. Ay hapbeen um back
to the tine domain, 38. The pethod according to Caim 33, further

i ncl udi ng:fopnd yhat therdymamig rinple bighlighty fadwith Hiremachisehat wiomldict eristic

of the . ro amg%el ectric npotor plus load fromthe speed-torque 16
DECEMBER JtSMHEIWisaDE aRRAIFAS i ¢ of the el ectric notor derived in claim 33

SO0 as to derivegLhggt - §pe ha élﬁc I Sebals G Qf . he met hod

(?ccordi ng to Gq:e{émqésfgh?ﬁ’rgtﬁlgr gllsjerf:?l udi ngﬁﬂg“ v Ll“% Bie.ﬁe(#rl%ﬁggwgg NOGO of
the el qgt rilysviieel Gavitlgs Higle ehdifiertt dUiRHID G eduplétbrs tBhakdThHE atdtor
speed-torque characteristic (Fig. 12) thereof. 40. The nethod according to

Cl ai m 28 spegbelimbs siawlyi fnomrzsrar¢achingidipgrspaedafi¢rapproxmately &3 of stators
for use in the electri tor,.said pethod, further .copprisi.ng; (f

provi di ng S&¢ pAd- 2SNy itgla)ecr oVBHROY, Eagafwé‘Féztﬁi (‘,"“ﬁoggr ,noPij?d pMi di ng
successi v ' t b -11Qf: I d
stators S%uéé&tﬁm@%%e%(?gﬂnﬁl?g%gﬁedé{] ?t\?gé gﬁ %ﬁ%@nge?ew‘%%@cé%gﬁggélﬁpﬁgt I cs of
the ot or .deficted RendIEchashRACHOMY Beatlp Ehtdi sPeed T thdZmoldt! THeSS iaf@ rel ative

performance characteristics of rotors for uSe in the electric notor, said
met hod 15 uralweys presenti lnitrage unnoticeable when the motor speed rises to steady state

speed quickly.

Fig. 15 shows the effect of zooming the motor speed-time
characteristics shown in Fig. 14 centered at a speed of 1,260 rpm, showing
more clearly the periodic rise and fall in steady-state motor speed. This curve

20 serves as a yardstick for categorizing steady-state performance of a loaded
motor at a speed of 1,260 rpm.

Fig. 16 shows the speed spectrum derived from the speed-time
characteristics shown in Fig. 15 centered around a speed of 1,260 rpm. It will
be noticed that the speed spectrum indicates a fandamental frequency of

25 100 Hz, this corresponding to twice the frequency of the a.c. supply.

Fig. 17 shows the torque-time characteristics derived by differentiating

the speed-time characteristics shown in Fig. 14 with respect to time and

multiplying by the combined moment of inertia of the flywheel and motor.



20 (f) providing a pre-calibrated stator for said electric notor,

provi di ng successive rotors and repeating steps (a) to (c) PREFEM 0D f
said stators so as to obtain respective rotor-dependent characteristics of
t he not or YOV%335 The net hod according to Caim28 or 32, fRETHP00290
including: (j) deriving a static torque-speed characteristic of the
rotating electric notor with an ineri2®l load ( 14) having a known nonent
of inertia coupled to the notor shaft, and (k) processing the respective

t orque-sp aracteri stics of .unl ocaded 16 DECEMBER 2002 .-42
electric ﬁ@?eo&{]%ﬁg e herctqslgﬁﬁ%%rmpﬁfgu? f&r fi%al ?%Xﬁgs’(? the 't o
determ ne EdRhe fofifierid.a of a rotor of the electric nmotor. 43. T he
nmet hod according to aim30 or 31, wherein variations in speed s or torque
are used as a nEigsul® ehowhedi¢ i effeqt @f Pobafing 4the HhetoReidigdeMes@r ding to
Claim 30 or 31, wherein variations in speed or torque are used as a neasure
of el ect r icharastenisticsishowmcin Higl Vi benterednat a-Spetsl offh266wping dhawimg di ng to
any one of the Clains 28 tq 44, further including: (lI) Fourier transform ng
the speédppifeclently ke perigdiccriss athﬁé"af R Stsady stite SPTtorgus rA® se’ll ect ri ¢

I I der i |
analyz! ng T8 Higoh e cRoiof Ryl e SPERT of 2R SBRRRE ! T sBErFily oot ) o

i heg SimérPrm e mitdTor e e
oscil15ti ng Eorusclef Dy stoliing ) 64 100 moth IENE Tme LhalBPlefRefl) oaa

20 46. Thecentdrbddranrior€i0R) sé@ Fhiy cone servéshas OyaidsBcl? fort catelrbrizing t her
I ncluding: (n) Fourier transform rlgdt he torque-tine characteristic of the

Qot at i n]g it rswemfﬂml@nc@bg@ﬂ@a rm@@rlabtaﬁeddoﬁ'd,%ﬁﬂ m't]? derive a
. 2 i |
e T i B ok e A ok B
Totor o HARRRAREE shiwh i #1318 BAcRRCrolal s Mlcl PRAYL 6B pr BUPC {1 ©

met hod ac Gt Be nofickd @ANRE thRfuedipetriiin indiaiCd firdainefital c&ealugn%ur i ng

steady state of the electric notor plus |oad after it has reached steady

stat e speeaf,100ndz.ahis ciregspohdingrtoltwitzsthe frequencypet thag.c. beply.ne deri vati ve

of the dynamc _pee%—ti me s characferistic du({i ng steady state of the
el ectric notor %gu | hggsteady state frequency speed spectrum curve for an air

15 conditioner displaying a gust problem, which manifests itself as a large 3Hz

component.
Fig. 21 shows the steady state frequency speed spectrum curve for a
good air conditioner showing a small 3Hz component.
) Fig. 22 shows the regular steady state speed time characteristic for an
20 air conditioner produced by repeatedly adjusting the shutter and deriving and
displaying the speed-time characteristic of the fan for different shutter
positions. This shows that fluctuations in the speed of the fan are small,
indicative of high quality performance of the air conditioner.
Fig. 23 shows the speed time characteristic for a faulty air conditioner
25 produced by repeatedly adjusting the shutter and deriving and displaying the
speed-time characteristic of the fan for different shutter positions. In this case,
sharp fluctuations in the speed of the fan are shown, indicative of low quality

performance of the air conditioner.



and (ij) multiplying the tine derivative obtained in (i) by a nonent of
1t-@feTtid@ of the electric nmotor plus load so as to derive a i%%ﬁﬁ"’@Eﬁ}B@?ggoozgo

speed-torque characteristic of the electric notor plus load in steady ~ o

state. 48. The nmethod according to any one of Clainms 28, 30 or 31,

i ncluding deriving an oscillating speed characteristic during a build-up to

steady state speed of the rotating_.electric notor, conprising the steps of:

i s (g) coupling a high inertia flI'yWhHieel to the rotating shaft so as

del i berately to slow down the tine to reach steady-state, (h) deriving a

st eady- st at e Rige®4lid a blockhdisgratresheting fbctidrealiyod dinbangicathaqicerdn@l not or

varyi ng speed thereof subsequent to_attai nnmegt of steady state performance,

and 20 EPyed seyFy 4thiondisplasng spaed 95 (e & Tofatng ng el ectric

char act SPRGACA R Tor i orfls Bty 20" ElplrlE RRR 4 BBt o

char act %?Fh}%&%i;@%{%ﬁﬁ@%ﬁﬂliﬁ%ﬁ@?%ﬁ Qarfh @rﬁ@asﬁfec?’&pédar?xde” ving an

oscil | at aracteristic at a steady state speed of the

r ot at sngomjueciver @ timé artervialiand ront anpnitial sampliseg tinedbath séleptediyf er enti ati ng
t he speed-tinme curve with,resgect to time a mul ti pl in,bi/armrrent of
i nertiatde ussb Aqlisplayftisco 8451)

d
pledni e sempling Pk Aly o, GisPlaying or que as a

i m 29t s sy iy Rl Wpsid s 20l el 43 SRS RARGET OO 00

or osci ldfagififst koadisiescale i redpct F £RCHF iffeqiehey, /ld1ofl Padeorddrcl uding: s

(i) maintaining said shaft coupled to the digital rot a;té encoder for a
(ﬂesi r ed arthegodal pakisrscald in) respectiefrtotguenemspeedndypically dhe wi-amis ¢ur i ng sai d
Ldesired_tipme dyration said,respective ti eriods of pul ses generated by

the dPgitomzop&y angd begodkis ‘%INPFW&i:r hewh il s,y matien of rcoBv R plus | oad,

10 (i) t.an er | yi e C | 0S¢ | ng

tor quespaélggqgrdcﬁlhééﬂstﬁ%%éé 2‘%’% Es %%%ﬁp@:f%%@&%ﬁyq‘foag%% 9&& ) or the

st eady Sstaﬁ{(#im%cﬁiﬁé Merdad of e ﬁ@qﬁymiemttmeraa;@wm tHeAgdek, itkudrot or  pl us

| oad, and (iv) determ ning a departure in any of the characteristics

deri ved providing preesert flexibtlitnainceather lngex thenssorpling 8me mmevalptieod accor di ng
to daim?29, for testing an operational , performance of an air-conditioner,
wher ei n A sqRies ats is coupled to a fan of the air~onditioner, and

thereggeare in qgmd fs catfons® ' gnéldée fEash

steagl);-stat eq{gpeed})&( e??l\l/iltn%mta%e speeh%a?},\brrg C arg:%ﬁjgbtlc of the fan,
and (m dbddigentsvaidaiue departng fronsthesdopd ofthe inventian as tefikeddhaki@ct eri stic
of the rotati na electric notor plus fan so as to derive a frequency speed

spect r unglaims: r q Ist othg uerefasesd: mboﬂimcmﬁénmdao@nbdmd with unbal ance
. ; . . _ . nbal ene:
Che- spe bl ta A7 ms TR IngiGe Soefh, i Myshion, AR sl 20 11

| ndi cat i e for {2 WiKRShEYybECH N, and 9.6) inttor. DbviRhsly, thé Achib(GRMEER 2002 - 45

ﬁﬁ The nethod according fo daim?29, for testing an operational
r f ciomelme arfd specdi-torqun dharactrdstica aof differentatypes tofilahaching twillr bé or
adjustin direction of airflow, erein the electric tor is,coupled to
a {c an Ofﬂgilﬁ%@‘ngi q‘i&lough he characteristics \g{f] a geiven type otJ machine atford a good P
indicator of unacceptable departure from the manufacturer’s design specification.

Likewise, in the preferred embodiments the time periods of successive

-

pulses generated by the rotary shaft encoder are measured. However, seeing
25 that the invention typically offers a thousand-fold improvement in resolution
of the dynamic cffects of the speed and torque characteristics over
conventional methods, it is clear that significant improvement is still
achieved, even if the periods of only every second or third pulse are

measured, for example,

AMENDED SHEET



conditioner, and there are included the steps of s (n) allgéﬁng ths fan to

reach-st eady-state speed, and (o) repeatedly adjusting the F 6
11ﬂ%r+ﬁ#ig and di spl aying the speed-tine characteristic of the fan lo gggooggo

different shutter positions; whereby sharp fluctuations (Fig. 23) in the

speed of the fan, indicative of |low quality performance thereof, are

hi ghlighted. 1o 53. A nethod for displaying speed or torque characteristics

of a rotating shaft derived accordisng to any one of Clains 28 to 52,

further including the steps of: (p) sanpling nmeasured speed or torque at

é??‘;i ayi ng cEimablc et B TABPR BH% aheoms AescriRege BFEH RAIBRRD 1 or que
R e S e N T R R o R A

X-axi S eiddriobd @%ﬁ@%v@ﬁoﬁiamreé bbft@HSAGH0NE ke Bikas@eRlchbef t he speed or
al O

torque In an an gous way to using an oscil|oscope or spectrum anal yzer
for vol amggdar aowtion) regardless! bf rapya specifindapplidetigonta vgvhsagi&ussaal ein
respect .of torque or speed anplitude in an anal ogous way to using an
oscilﬂo@%@%@ior spectrum anal yzer for voltage. 25 54. The nmethod of any one

of clains 28:1Q.53 ein .St ( e ] ri-ng an angul ar
rotation of Elr%?aﬂf’mﬁ?r’{ﬁ( g%t %ﬁhwges e stg%g('g c (1)
at t achi Akigfatt BRuB s &egmwia&! fErQicvénfeREd By dndido HX iBfply adp DECEMBER
2002 -46 successl ve generates opposing binary |logic states such that any
pai r of patigulapiorddr Jfeerfonuing the stepst esponds to a known angul ar rotation of
the shatt, (ii) rotating the shaft, s (iii) separately nmeasuring a
(_respective time period associated with each successive logic state
‘generated by the digital rotary encoder, and (iv) sunmm ng said respective
time periods associated with each successive logic state so as to derive an
accurnul ated el apsed tinme interval of successive pairs of logic states
generated by the digital to rotary encoder thereby allow ng derivation of
the angul ar rotation or a function thereof of the shaft. 55. An apparatus
(20) for measuring an angular rotation of a rotating electric nmotor (21 )
or conponent thereof (22), the apparatus conprising: 1 s a coupling unit
for attaching a shaft (22) of the electric notor to a digital rotary
encoder (23) for accurately neasuring an angular rotation of the shaft, a
power supply (28) for supplying power to the rotating electric notor at a
specified tine, and

AMFNDFD SHEET



a conmputer (25) coupled to the digital rotary encoder (23) for deriving a
20 speed characteristic of the rotating electric notor; ch®mECERBERZU2I N
that: the conputer neasures a dynam c speed-tine characteristic (Fig. 5) of
the unl oaded rotating electric notor, and uses the dynam c speed-tine
characteristic of the unloaded rotating electric notor to derive static
torque 2s speed (Fig. 11 ) or dynam c280rque speed (Fig. 6) or oscillating
torque during steady state (Fig. 10) or speed and torque spectrum (Fig. 9)
during steady state of the unloaded rotating electric notor. 56. An
apparatus (20) for testing a rotating electric notor (21 ) plus |oad 16
DECEMBER 2002 -47 conprising: a coWpLAIMSInit for attaching a shaft (22) of
the rotating electric nmotor plus load to a digital rotary encoder (23), a
power supply (28) for supplying power to the rotating electric notor at s a
specified tinme, and a conputer (25) coupled to the digital rotary encoder
(23) for ddrivindt an@tb@égrp%ht&smg@m glecwicomatee (bt &r i ofgaetaupenant not or ;

characterized in that: the conputer asures_.a dynam c speed characteristic
of the rot ilge[rﬁ > tiecogthed Cﬁ’ﬁfwr@iﬁe‘ésby{%gla%gﬁﬁﬂuses the dyhani c speed-time
charactegi sticg O [ I 2 I : @‘akg 4k conbi ned
static t%rquéﬁsp%géagﬂé%%@gg sgﬁfstt(%‘é y steae%%hl(‘:% Q?ne tlggggldféﬁlng
torque-speed or sstaadncoidet @39Rdtch %@@é‘rﬁfe‘y mspf)Esiﬁg birdldy doptic dthtes sach st eady
state conbined torque spectrumof the rotating electric motor plus | oad,
wher e the conbi néhhtt amypairodf tsequentialt logic istatesmoouespeinds tooadknewequal to

the torque of the electrig m)ég]r m n,useahe,torque of the load. 57. The
appar at us accor didRgulabretptenPERegptating clestiie B0t c| udi ng a di spl ay devi ce

(27) coupl ed r [ splayl r jiC @l .

characteri st i(%g %geﬁﬁﬁﬁ%H{l%8?%@91.21?%%&&1%3%%8%3?%?%s%’?gh%cc?%%?ﬁégfr% O&I ai m 55
bei ng adapt ed to]5AERKRes saHRpAtEN bzqﬁé ardital $GtaRPenddeL HhMBg 2o1@tibE of

t orque- speed characteristics of the electric rotor. 2s 597 The appar at us
according to d aitle slectra mgtadmpascid albbw derivatianr efisidynaméd Speetstime as to
derive conbined static ,tqrctue- s%(ieg characteristics of the rotat.ing

el ectric motor picharactesigtic (Fig Py of themetatingoglectgig motor or a function

thereof, and
(¢) using the dynamic speed-time characteristic of the unloaded rotating
15 electric motor to derive static torque speed (Fig. 11) or dynamic
torque speed (Fig. 6) or oscillating torque during steady state (Fig.
10) or speed and torque spectrum (Fig. 9) during steady state of the

unloaded rotating electric motor.

20 2. A method for testing an electric machine comprising an electric
motor (21) and attached load, the method characterized by the steps of:

(a) attaching a shaft (22) of the electric motor plus load to a digital rotary
encoder (23) which generates opposing binary logic states such that
any pair of sequential logic states corresponds to a known angular

25 rotation of the rotating electric motor plus load,

(b) measuring an accumulated elapsed time interval of successive pairs

of logic states generated by the digital rotary encoder during rotation

of the electric motor plus load so as to allow derivation of a speed-



60. The apparatus (40) according to Caim55 or 56 for displaying speed or
torque characteristics of a rotating shaft, further incl udismgceEmsseapsi ng
unit (41 ) for sanpling nmeasured speed or torque at regular tine intervals
froma known initial sanpling tine, 5 a display (42) for displaying at said
regular tinme intervals said neasured speed or torque sanples versus tinme or
frequency in an anal ogous way to using?an osci |l oscope or spectrum anal yzer
for voltage, and a control panel (43) for controlling a first x-axis scale

in respect of tine or freguency d a second orihogonal .y-axis scale in
respect of tor qudis ch &15@88 %ﬁ&w trH%Em&hP 8“§aH%JtP%@1‘¥%ZO%‘§@éda or torque
i n an anal ogous oscilloscope or spectrum analyzer for

vol t age. 61. The\fg%%g)?ltpgﬂseggca@grdl ng to Cl aim 60, wherein the control panel
includes a cegfr %m e ﬁéé&ﬁﬁin@%hﬁ?dc@krls‘tl%ﬂtﬂé %t‘éﬁhg elebRimotd{ugppar at us
accordi ng to aim erein the control panel includes a control for

adj usting the i nlldsachto derivd ar@nibined statidhtofjuesspeed (Fig. 12) or a steady
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E. AD. A. A5 A% AS2. Atater combingl A@soiliating Alorquss-snges, OA@teasi:s faeasresl A@ A, . AQ@
Al *i+qg.yi E

. T | wmhc”Y] ca] céf%%](]é’ﬁ]sc%(] 3‘&‘] 8%1] 85]‘8%‘]%:%}?1%‘1%%‘]188‘] E%{ﬂBe él?ﬁcémg] ca] ca] caj

ca] ca] ca]ca] ca

<+]S8Gl $q]zupo a{ \)]Qﬁa??? ]r? ] ﬁ]Sclg cOa ethe omb gg]t%g]l%gfcalﬂ cal ca

] ca] ca] cal] ca] ca]tl&aélea&mahct@]r pb.isdé%sd zadduabid tha]t@a]\ﬂ:@)ﬁtlcﬂ:ctl%tm motor

YA&{ vql f a\ W ca] ca] caU] caj ca] (g] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]caV]c

a] ca] ca] ca] ca] cajmiaps Hedara ofdhg l@]d]ca! &&&&?' ' U ()N) ) FF**3+++, X, ,E---.C..
.111>/C T/ }xsnid_Z] c]ca] c$a] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca]ca] ca

] ca] ca] d%] ca] ca] ca] ca] ca] ca] ca] ca] ca]caJca]c"al T/al//;

0002(2M3Q3w%\33445

Jcal cal ca) a] cnal AaTaatRR T i AR b in e SRR ooy S ool e ¢
al 88899999: 2 com[putmg the time derivative of the dynamic speed-time

<<<: ===#>0>| >>>£#247E2( 2?2AF OnCt DEEGGG wr mhc”Y] c] ca] ca] ca] ca] ca] cal] ca] ca] ca]
ca] ca] ca] ca] ca] ca] chiraglecialic fifigafrahda] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! GG
GGEHMHHHI JJJ4K

NN OnQO\ PPAQK R&S%lﬁh’é“gfjﬂé‘] time éf’é&f}tb"ﬂ elaqaeaﬂcaq 1 yap BpOSPE & ca] ca] ca

oo catea)cal oV IoRL A GO EAISHRkSe el S YRR v

ca] ca] ca] ca] ca] ca] gpiscidrg@d Sdracbliand (qag C@]&aﬂl@aﬂlmh@@&m&&%&@q [[& 7\R
W\ ]T__bbYcdddd

eTeeelf ~f f ggh4i ~i i zupkfa\ W] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]c
Li kI allgm L

Rt 20008 qqqL TRCEBGReRACC TP KT 4] bEACETBMba Ceel IBHRE 17aHY ca) ca) ca]

ca] ca] ca] cgy cavl-caul ok 8 iRl dakiehithr 2aGAt A RAbEA GBlfAkGRLEa, Luuuudvey

V'V =WW

Xi XXy= théz{vgﬁeréﬁ{%éf@ﬁr{c{lﬁdlesl ~ysnhc] Xl gb] X] ] ] caV] ca] caV] ca] caV] ca] caV] ca] ca

V] c&aV] c, a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca

AL FINFLG]] @] Ichiphlihg! thé widep*derivative of the dynamic speed-time
}{val gb] Xl gb] X]]] ca] ca] ca] ca] ca] ca] cal ca] ca] cal ca] ca] ca ca] ca) calcalcal]calc
a] ca] cal] ca] ca] c&aV}@&ﬁ istic (Figa8 hiquizptead the elec ric motor, and

ST L e e i e

. | gb] W gb
V] L\A\g\ﬂgc!a] c’g\]a] z:qa]U]cg rglg]@}}] a\,];ﬁ@%ﬁ 3%18&}» (]rca)] cz(aj]erlv ca]ly é‘]"?:a] ca] ca] ca

1ca qtx$h| w mhe” YTlspeddbtdryh@bhdraabasicai ai(I)&ifQﬂ& ﬁﬁllo@aé@al!é]:ﬁﬁ;\ﬂw(oa
Vlc(”~aV]c(a V]c(™a]lc(a V]c("~a] caV]cal ca\/?ca V] cMaV] ca V] c™aV] ca] caV]caV] ca
V] c”a] ca] caS*. 1Y\ dhiratepdy shategb] XI gb] ] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca]
ca] caV] ca] cal] caV]ca] ca]caV]ca]caV]calcaV]c aJc a]ca]ca]ca]ca]ca]ca]ca

'pn) @ ds- O vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]ca]c

AT ca) cal cabal LS‘E’]@]%@]@};@?@% @a‘]@ﬁi‘?a%@%}%ﬁ%ﬁeiq@?@q 3 oa] ca) cal cal cel
ol cal ca] cal cal 0 car o B o R ek e el ca 7

E$xI N=)]} xsnhc”Y] ca] ] ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3d<dX. d<MRzOmp} xsni d*Y] ca] ] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aJ ca] ca] ca] ca] ca]ca]ca! Ow*+g6

OLY{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca! YapgE) GJ% u#j +} xsnid_Z] ca] ] ca]ca] c



}xsni d_Z] ca]]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]lcalcalcalc
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 16 DECEMBER 2002
6aYh¥&EhLgkr 6G.79| wr mhc”Y] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
cal ca] ca] ca] cal ca] ca] ca] ca] cal calca]ca] ca]ca]ca]ca]calklo

Pre7t " n" " ##4#904.&) &b&&&' ' ' . (1 (({vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] caj caU] ca] cal ca] ca] ca] ca] caj ?P] ca]ca]ca]ca]ca]ca]ca]ca]cajcal()/)3
)))***+, S, ,,---E. ..., / p///O OW001GL[ II'1] wmhc”™Y] ca] ] ca] ca] ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] ca] ca] ca] ca cal.ca]cal cal ca] ca] ca] ca cal cal.cal] ca] ca
C]al | ];Lq1]222]333]4h5]771%gg@] _c_tefr;C a1]c &l ]53 ur?rlg a]ccgl]era%]on l) tﬂle e]lectglc U ca] cal

a1 ca) Gal cal cal cal caieaf ShEAS ey Bl iR S PR AR sl Bhc
g} DDDDE+EDEEEFUFFFGE} xqs-ﬂfnc‘l3 Chamé’ée]résg]°c(gi cafca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca]

3:{&]]3:?]) /f(g]Kca] cal(iip] cohgaitiog] cthkcajme] akrivalive] of] cthi cadtatic CedddHithe | ul |

KGKKKLLi BLLLI M\INNI cherapjoristr (Fig} Thanda) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
| . P1LPPRQOVOQORVR
R Saaap e T RGBS ot G Py b P RtoL APy EoOHBh L o] Caycal C
&109&
‘_"‘] Ici](wc/g] (C;"] C;‘]YC i‘]ooc/ {rﬁh&%ﬁ/@{u@?]ﬁ@d Ql%t?i%]rﬁggo? 3 9815 aLEA £ ahfidspddd™ 0

(310%F& ()-109%& ()totq uéQ?f&ra@ierrbﬁcYFé%‘ 11P&he k] deidéd Q¥ktrio motor.
F($10%5s& () - &10%&' ()- % 109%&' () 1098 ()- "1 10% ()-.y}si K, 109%& ()-

#109%<& ()-101010: 10%&’ ()- &6 109%& ()-1410%& ()- - 10%& ()- Li E}"’7S| Kl , 10%&
10%& 0U=<& - 0Yx& 10%x&. Pl "1 10%h& I llO%

<& ()- %O 6;55. K|fl§d@gfl df@f%(;r)élr(sto I%y%&wlyer@nmpc@b%@e@) Y , 10%& () -
T109x& 10‘V& 09 0 <

s’ &10%&2& 0)- %écﬂgv“& E‘c‘)‘a}élqé"’%s) 6?:]336‘%5}&@ P?“ Oﬁﬁg y“%’g} fﬁ%qﬁ& ()- 10<

10< 10<F7 10%<& () tind Qifadclelistic Mg ddceRkAiSi-&F (e electrlc motor plus
+S8~\ =bCl , 10% L10% & ()- 11 104 (& ()= 1 F& 10%&( &( & (

10%th4&' () - Y@ 0% &'16ad %ﬁVnﬁ&rc{a)ch&ﬁstéijb@taté(H]ébédL'salﬁbo/tc( &'b(a)m a static
10% & ()- 10% & () -1 Y10% & () &l ocyg} f)
#10% & () - $Q [ 9nbCispeed-timer qqezsre iciof thogleetrio motor plus load,
0, 0 0 0, O
12 1/%((,/?&( %5) I b{%gjﬁ_( &% %‘c /(10 (%I}IC 1@;&&(? of the static speed-time
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(iii) multiplying the time derivative obtained in (ii) by a moment of
inertia of the combined electric motor plus load so as to derive a
combined static speed-torque characteristic (Fig. 12) of the electric

20 motor plus load.

7. The method according to Claim 5, wherein step (i) of removing
fluctuations on the transient effects during acceleration of the electric motor
until it reaches steady state speed, includes:
25 (1) locking the shaft of the electric motor,
(2) monitoring the stator current of the electric motor, and
(3) releasing the shaft of the electric motor when the stator current

achieves a steady state value.
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(1) feeding current initially to the main coil only at a known angle

in the a.c. supply voltage cycle,
(2) monitoring the stator current in the main coil, and
(3) switching the auxiliary coil in circuit when the stator current in
10 the main coil achieves a steady state value at the same known

angle in the a.c. supply voltage cycle.

9. The method according to Claim 5, wherein step (i) of removing
fluctuations on the transient effects during acceleration of the electric motor
15 until it reaches steady state speed, includes:
(1) rotating the shaft in an opposite direction to a normal rotation
direction, and
(2) during the time that the rotating electric motor changes
direction, commencing sampling of the speed-time

20 characteristics.

10, The method according to Claim 5, wherein step (i) of removing
fluctuations on the transient effects during acceleration of the electric motor
until it reaches steady state speed, includes:
25 (1) Fourier transforming the speed-time of the rotating electric
motor during acceleration
(2) filtering the frequency spectrum so as to remove higher
frequency components, and

(3) transforming the resulting spectrum back to the time domain.
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(v) performing a GO-NOGO of the electric motor plus load as a

10 function of the combined static speed-torque characteristic (Fig.
12) thereof.

13. The method according to Claim 1 or 5, for testing relative
performance characteristics of stators for use in the electric motor, said
15 method further comprising:

(d) providing a pre-calibrated rotor for said electric motor,

(e) providing successive stators and repeating steps (a) to (¢) in respect
of said stators so as to obtain respective stator-dependent
characteristics of the motor.

20
14. The method according to Claim 1 or 5, for testing relative
performance characteristics of rotors for use in the electric motor, said
method further comprising:

(d) providing a pre-calibrated stator for said electric motor,

25 (e) providing successive rotors and repeating steps (a) to (¢) in respect of
said stators so as to obtain respective rotor-dependent characteristics

of the motor.

15. The method according to Claim 1 or 5, further including:



MN NNNN; NN O-\ =1, 11109 ()-! !10%gq& ()-f!5!10% & ()-f#@0% & ()- 10b 10b

10b5109%& () -! ONOO PPACKRaB-\ =I , I 1 109& () - M FI4.09%& () - 109 6(DECERBERR 002 SL
109& ()- 109 ()- KRRRESS/ TUTaB-\=I,!!Y+MLO%& ()- !3' - &LOY%& ()- &LOY& () -
C$109& ()-"109& ()- 9! 109& ()- UTTTIUUUUUUdYNG ,!! 10 10 1034GLOY ()-
f2 110%&' ()- 010%&' ()- .10%&' ()- & 10%&' ()- UUUUUUSVAEYNC ,!! F 10%08' ()-

#10%08' () - YI0%0& ()- , 10%08' () - 10%08& h)- " 10%0& () - 3V WWWBWEWIEYND , !'! Y
10%08 ()-F 10%08 ()- F 10%0% ()- L 10%% ()-Y 10%0%& ()- | %0% ()-
e TP TR IR S
(Y80%8S& () -3 GLOUK itk o %&e%{gﬁo(azf(lg) having a known moment of inertia
coupled to the motor shaft, and
(e) processing the respective torque-speed characteristics of the unloaded
5 electric motor and of the electric motor plus inertial load so as to

determine the moment of inertia of a rotor of the electric motor.

16. The method according to Claim 3 or 4, wherein variations in speed or
torque are used as a measure of electric motor noise.

10
17. The method according to Claim 3 or 4, wherein variations in speed or

torque are used as a measure of electric motor imbalance and vibration.

18. The method according to any one of the Claims 1 to 17, further
15 including:

(f) Fourier transforming the speed-time characteristic of the rotating
electric motor or electric machine so as to derive a speed frequency
spectrum, and

(g) analyzing the speed frequency spectrum of the electric motor or

20 electric motor plus load for determining vibration, unbalance, air-
noise, and oscillating torque of the electric motor or the electric

motor plus load.

19. The method according to any one of the Claims 1 to 17, further
25 including:
(h) Fourier transforming the torque-time characteristic of the rotating
electric motor or electric machine so as to derive a torque frequency
spectrum, and

() analyzing the torque frequency spectrum of the electric motor or
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state speed, wherem step (c) includes:
(1) computing the time derivative of the dynamic speed-time
characteristic during steady state of the electric motor plus load,
10 and
(i) multiplying the time derivative obtained in (i) by a moment of
inertia of the electric motor plus load so as to derive a dynamic

speed-torque characteristic of the electric motor plus load in steady

state.
15
21. The method according to any one of Claims 1, 3 or 4, including
deriving an oscillating speed characteristic during a build-up to steady state
speed of the rotating electric motor, comprising the steps of:
(d) coupling a high inertia flywheel to the rotating shaft so as deliberately
20 to slow down the time to reach steady-state,

(e) deriving a steady-state speed-time characteristic of the rotating
electric motor varying speed thereof subsequent to attainment of
steady state performance, and

(f) zooming in on a desired range of speeds of the rotating electric motor

25 so as to derive for a limited time frame the speed-time characteristics

having superimposed thereon said oscillating speed characteristic.

22, The method according to Claim 1 or 4 for deriving an oscillating

torque characteristic at a steady state speed of the rotating electric motor,
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23. Use of the method according to Claim 2 for testing in real time steady

state vibration, unbalance, noise or oscillating torque of a rotating electric

motor plus load, including:

(i) maintaining said shaft coupled to the digital rotary encoder for a

10 desired time duration,

(i) constantly measuring in real time during said desired time duration
said respective time periods of pulses generated by the digital
rotary encoder during rotation of the electric motor plus load,

(iii) constantly deriving the steady state combined oscillating torque-

15 speed or the steady state speed spectrum (Figs. 20 and 21) or the
steady state combined torque spectrum of the rotating electric
motor plus load, and

(iv) determining a departure in any of the characteristics derived in (iii)
from a nominal rating thereof.

20
24, The method according to Claim 2, for testing an operational
performance of an air-conditioner, wherein the electric motor is coupled to a
fan of the air—conditioner, and there are included the steps of:
(b) allowing the fan to reach steady-state speed,
25 (¢) deriving the speed-time characteristic of the fan, and
(d) Fourier transforming the speed-time or torque-time characteristic of
the rotating electric motor plus fan so as to derive a frequency speed
spectrum or frequency torque spectrum for testing vibration,

unbalance or air noise oscillating torque;
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5 28, The method according to Claim 2, for testing an operational
performance of an air-conditioner having an adjustable shutter for adjusting a
direction of airflow, wherein the electric motor is coupled to a fan of the air-
conditioner, and there are included the steps of:

(e) allowing the fan to reach steady-state speed, and
10 (f) repeatedly adjusting the shutter and deriving and displaying the
speed-time characteristic of the fan for different shutter positions;
whereby sharp fluctuations (Fig. 23) in the speed of the fan,

indicative of low quality performance thereof, are highlighted.

15 26. A method for displaying speed or torque characteristics of a rotating
shaft derived according to any one of Claims 1 to 25, further including the
steps of’

(g) sampling measured speed or torque at regular time intervals from a
known initial sampling time,

20 (h) displaying at said regular time intervals said measured speed or
torque samples versus time or frequency in an analogous way to
using an oscilloscope or spectrum analyzer for voltage,

(1) controlling a first x-axis scale in respect of time or frequency while
sampling the speed or torque in an analogous way to using an

25 oscilloscope or spectrum analyzer for voltage, and

(j) controlling a second orthogonal y-axis scale in respect of torque or
speed amplitude in an analogous way to using an oscilloscope or

spectrum analyzer for voltage.
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10 interval of successive pairs of logic states generated by the digital
rotary encoder thereby allowing derivation of the angular rotation

or a function thereof of the shaft.

28, A method for testing an electric motor (21) or of a component

15 thereof, the method characterized by the steps of:
(@) measuring a dynamic speed-time characteristic (Fig. 5) of the

unloaded rotating electric motor, and

(b) using the dynamic speed-time characteristic of the unloaded rotating
electric motor to derive static torque speed (Fig. 11) or dynamic
20 torque speed (Fig. 6) or oscillating torque during steady state (Fig.
10) or speed and torque spectrum (Fig. 9) during steady state of the

unloaded rotating electric motor.

29, A method for testing an electric machine comprising an electric
25 motor (21) and attached load, the method characterized by the steps of:
(a) measuring a speed-time characteristic of the rotating electric motor
plus load, and
(b) using the speed-time characteristic of the rotating electric motor plus

load to derive a combined static torque-speed (Fig. 12) or a steady
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30. The method according to Claim 28, wherein step (b) includes:
(i) computing the time derivative of the dynamic speed-time
characteristic (Fig. 5), and
10 (i) multiplying the time derivative obtained in (i) by a moment of
inertia of the unloaded electric motor so as to derive a dynamic

speed-torque characteristic (Fig. 6) of the unloaded electric motor.

31. The method according to Claim 28 for determining oscillating torque
15 during steady state of the electric motor after it has reached steady state speed,
wherein step (b) includes:

(i) computing the time derivative of the dynamic speed-time
characteristic (Fig. 8) during steady state of the electric motor, and

(i) multiplying the time derivative obtained in (i) by a moment of

20 inertia of the unloaded electric motor so as to derive a dynamic
speed-torque characteristic (Fig. 10) of the unloaded electric motor

in steady state.

32. The method according to Claim 28, wherein step (b) includes:

25 (i) removing fluctuations on a transient part of the dynamic speed-
time characteristic (Fig. 5) during acceleration of the electric
motor until it reaches steady state speed so as to obtain a static
speed-time characteristic (Fig. 7),

(i) computing the time derivative of the static speed-time
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torque characteristic (Fig. 11) of the un oaded electric motor.

33. The method according to Claim 29, wherein step (b) includes:

(i) removing fluctuations on a transient part of the dynamic speed-
time characteristic during acceleration of the electric motor plus
load until it reaches steady state speed so as to obtain a static

10 speed-time characteristic of the electric motor plus load,

(i) computing the time derivative of the static speed-time
characteristic of the electric motor plus load, and

(ili) multiplying the time derivative obtained in (ii) by a moment of
inertia of the combined electric motor plus load so as to derive a

15 combined static speed-torque characteristic (Fig. 12) of the electric

motor plus load.

34. The method according to Claim 34, wherein step (i) of removing
fluctuations on the transient effects during acceleration of the electric motor
20 until it reaches steady state speed, includes:
(1) locking the shaft of the electric motor,
(2) monitoring the stator current of the electric motor, and
(3) releasing the shaft of the electric motor when the stator current
achieves a steady state value.
25
35. The method according to Claim 32 for use with a PSC type a.c.
induction motor having a stator comprising a main coil and an auxiliary coil
which may be switched in parallel with the main coil, wherein step (i) of

removing fluctuations on the transient effects during acceleration of the
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in the a.c. supply voltage cycle,
(2) monitoring the stator current in the main coil, and
5 (3) switching the auxiliary coil in circuit when the stator current in
the main coil achieves a steady state value at the same known

angle in the a.c. supply voltage cycle.

36. The method according to Claim 32, wherein step (i) of removing
10 fluctuations on the transient effects during acceleration of the electric motor
until it reaches steady state speed, includes:
(1) rotating the shaft in an opposite direction to a normal rotation
direction, and

(2) during the time that the rotating electric motor changes

15 direction, commencing sampling of the speed-time
characteristics.
37. The method according to Claim 32, wherein step (i) of removing

fluctuations on the transient effects during acceleration of the electric motor
20 until it reaches steady state speed, includes:
(1) Fourier transforming the speed-time of the rotating electric
motor during acceleration
(2) filtering the frequency spectrum so as to remove higher
frequency components, and

25 (3) transforming the resulting spectrum back to the time domain.

38. The method according to Claim 33, further including:
(vi) subtracting the combined static speed-torque characteristic of the

rotating electric motor plus load from the speed-torque
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39, The method according to Claim 33, further including:
(vii) performing a GO-NOGO of the electric motor plus load as a

function of the combined static speed-torque characteristic (Fig.
12) thereof.

40, The method according to Claim 28 or 32, for testing relative
performance characteristics of stators for use in the electric motor, said
method further comprising:
(f) providing a pre-calibrated rotor for said electric motor,
(g) providing successive stators and repeating steps (a) to (¢) in respect
of said stators so as to obtain respective stator-dependent

characteristics of the motor.

41. The method according to Claim 28 or 32, for testing relative
performance characteristics of rotors for use in the electric motor, said
method further comprising:
() providing a pre-calibrated stator for said electric motor,
(g) providing successive rotors and repeating steps (a) to (¢) in respect of
said stators so as to obtain respective rotor-dependent characteristics

of the motor.

42, The method according to Claim 28 or 32, further including:
(j)) deriving a static torque-speed characteristic of the rotating electric
motor with an inertial load (14) having a known moment of inertia
coupled to the motor shaft, and

(k) processing the respective torque-speed characteristics of the unloaded
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43. The method according to Claim 30 or 31, wherein variations in speed

o —

5 or torque are used as a measure of electric motor noise.

44, The method according to Claim 30 or 31, wherein variations in speed

or torque are used as a measure of electric motor imbalance and vibration.

10 45. The method according to any one of the Claims 28 to 44, further
including:

(I) Fourier transforming the speed-time characteristic of the rotating
electric motor or electric motor plus load so as to derive a speed
frequency spectrum, and

15 (m) analyzing the speed frequency spectrum of the electric motor or
electric motor plus load for determining vibration, unbalance, air-
noise, and oscillating torque of the electric motor or the electric

motor plus load.

20 46. The method according to any one of the Claims 28 to 44, further
including:

(n) Fourier transforming the torque-time characteristic of the rotating
electric motor or electric motor plus load so as to derive a torque
frequency spectrum, and

25 (o) analyzing the torque frequency spectrum of the electric motor or
electric motor plus load for determining vibration, unbalance, air-
noise, and oscillating torque of the electric motor or the electric

motor plus load.



'$ 10%<oKo&' ()- 10% & ()-ERa?0P1YL!

10% o' 0& ()-10% o0& ()- @0% o0& ()-10% o0& ()-! D310%o0ko&' () - BTEYERBER 2082 <oP1Y
I+ 110%

& ()-1+110%0& ()-*10% 0& ()-! Ny&10%iouo&' ()-$@0% o0& ()-"10% o0& () -
SKLMN_duV4![310%\ & ()-YL10% & ()-F",10% & ()- 10EoEo 10EoEo

10EOEOQ! +' ! 10%E0E0& ()-+ 110% & ()-M Y 3zX6uV4| lc& 10%\& ()-! 109%& ()-!
109\ & ()-! 109%& ()-! 10%\& ()- &10%@ a kaBuV4!!c& 10% & ()

CS10% & ()- +10% & ()-) 10% & ()- )é$310%)\0\& ()-nB310%.& () -
}rg\=!! 3" SAJn & Bhe od @ccargyig @sﬂemmlpg osqll@b%tcazqw- 10

0% & () vASOAPE on skt lfeﬁyé’%’”‘n\%é?slugqaﬁa it ot v sty
e e L ]
1110%\ & () - %ElH?" Rémp@ing 018 Oife( )deMvadGdOoO\ the( )dylEmld Kpgeed)timé 10% & () -
5 characteristic during steady state of the electric motor plus load,
and
(i) multiplying the time derivative obtained in (i) by a moment of
inertia of the electric motor plus load so as to derive a dynamic
speed-torque characteristic of the electric motor plus load in steady

10 state.

48. The method according to any one of Claims 28, 30 or 31, including
deriving an oscillating speed characteristic during a build-up to steady state
speed of the rotating electric motor, comprising the steps of:
15 (g) coupling a high inertia flywheel to the rotating shaft so as deliberately
to slow down the time to reach steady-state,

(h) deriving a steady-state speed-time characteristic of the rotating
electric motor varying speed thereof subsequent to attainment of
steady state performance, and

20 (i) zooming in on a desired range of speeds of the rotating electric motor
so as to derive for a limited time frame the speed-time characteristics

having superimposed thereon said oscillating speed characteristic.

49. The method according to Claim 28 or 31 for deriving an oscillating

25 torque characteristic at a steady state speed of the rotating electric motor,
further comprising the step of:

(h) differentiating the speed-time curve with respect to time and multi-

plying by a moment of inertia of the rotating electric motor so as to

derive varying torque as a function of time.
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desired time duration,

(ii) constantly measuring in real time during said desired time duration
said respective time periods of pulses generated by the digital
rotary encoder during rotation of the electric motor plus load,

10 (iii) constantly deriving the steady state combined oscillating torque-
speed or the steady state speed spectrum (Figs. 20 and 21) or the
steady state combined torque spectrum of the rotating electric
motor plus load, and

(iv) determining a departure in any of the characteristics derived in (iii)

15 from a nominal rating thereof.

51. The method according to Claim 29, for testing an operational
performance of an air-conditioner, wherein the electric motor is coupled to a
fan of the air—conditioner, and there are included the steps of:
20 (k) allowing the fan to reach steady-state speed,
(1) deriving the speed-time characteristic of the fan, and
(m) Fourier transforming the speed-time or torque-time characteristic of
the rotating electric motor plus fan so as to derive a frequency speed
spectrum or frequency torque spectrum for testing vibration,
25 unbalance or air noise oscillating torque;
whereby a frequency harmonic (Fig. 20) in the speed or torque of the
air conditioner having a high amplitude, indicative of low quality thereof; is
highlighted.
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performance of an air-conditioner having an adjustable shutter for adjusting a
direction of airflow, wherein the electric motor is coupled to a fan of the air-
conditioner, and there are included the steps of:
5 (n) allowing the fan to reach steady-state speed, and
(0) repeatedly adjusting the shutter and deriving and displaying the
speed-time characteristic of the fan for different shutter positions;
whereby sharp fluctuations (Fig. 23) in the speed of the fan,

indicative of low quality performance thereof, are highlighted.

10
53. A method for displaying speed or torque characteristics of a rotating
shaft derived according to any one of Claims 28 to 52, further including the
steps of:

(p) sampling measured speed or torque at regular time intervals from a

15 known initial sampling time,

(q) displaying at said regular time intervals said measured speed or
torque samples versus time or frequency in an analogous way to
using an oscilloscope or spectrum analyzer for voltage,

(r) controlling a first x-axis scale in respect of time or frequency while

20 sampling the speed or torque in an analogous way to using an
oscilloscope or spectrum analyzer for voltage, and

(s) controlling a second orthogonal y-axis scale in respect of torque or
speed amplitude in an analogous way to using an oscilloscope or
spectrum analyzer for voltage.

25

54. The method of any one of claims 28 to 53, wherein step (a) uses a
method for measuring an angular rotation of a rotating shaft (22), which
comprises the steps of:

(i) attaching to the shaft a digital rotary encoder (23) which
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successive logic state generated by the digital rotary encoder, and
(iv) summing said respective time periods associated with each
successive logic state so as to derive an accumulated elapsed time
interval of successive pairs of logic states generated by the digital
10 rotary encoder thereby allowing derivation of the angular rotation

or a function thereof of the shaft.

35. An apparatus (20) for measuring an angular rotation of a rotating
electric motor (21) or component thereof (22), the apparatus comprising:
15 a coupling unit for attaching a shaft (22) of the electric motor to a digital
rotary encoder (23) for accurately measuring an angular rotation of the shaft,
a power supply (28) for supplying power to the rotating electric motor at
a specified time, and
a computer (25) coupled to the digital rotary encoder (23) for deriving a
20 speed characteristic of the rotating electric motor;
characterized in that:
the computer measures a dynamic speed-time characteristic (Fig. 5) of
the unloaded rotating electric motor, and uses the dynamic speed-time
characteristic of the unloaded rotating electric motor to derive static torque
25 speed (Fig. 11) or dynamic torque speed (Fig. 6) or oscillating torque during
steady state (Fig. 10) or speed and torque spectrum (Fig. 9) during steady

state of the unloaded rotating electric motor.

56. An apparatus (20) for testing a rotating electric motor (21) plus load
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plus load to a digital rotary encoder (23),

a power supply (28) for supplying power to the rotating electric motor at
5 aspecified time, and
a computer (25) coupled to the digital rotary encoder (23) for deriving a
speed characteristic of the rotating electric motor;
characterized in that:
the computer measures a dynamic speed characteristic of the rotating
10 electric motor plus load and uses the dynamic speed-time characteristic of the
rotating electric motor plus load to derive combined static torque speed (Fig.
12) or a steady state combined oscillating torque-speed or steady state speed
spectrum (Figs. 20 and 21) or steady state combined torque spectrum of the
rotating electric motor plus load, where the combined torque of the electric

15 motor plus load is equal to the torque of the electric motor minus the torque
of the load.

57. The apparatus according to Claim 55 or 56, further including a
display device (27) coupled to the computer for displaying graphically the

20 characteristics computed thereby.

58. The apparatus according to Claim 55 being adapted to remove
transient effects so as to derive static torque-speed characteristics of the
electric motor.

25
59. The apparatus according to Claim 56 being adapted to remove
transient effects so as to derive combined static torque-speed characteristics

of the rotating electric motor plus load.
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measured speed or torque samples versus time or frequency in an analogous

way to using an oscilloscope or spectrum analyzer for voltage, and
a control panel (43) for controlling a first x-axis scale in respect of
time or frequency and a second orthogonal y-axis scale in respect of torque or
10 speed amplitude while sampling the speed or torque in an analogous way to

using an oscilloscope or spectrum analyzer for voltage.

61. The apparatus according to Claim 60, wherein the control panel
includes a control for adjusting said time intervals.
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62. The apparatus according to Claim 60, wherein the control panel

includes a control for adjusting the initial sampling time.



