; ef e3eMI<4pp6T19*? MAY 2003 iu -1 Title: "A SYSTEM AND A METHOD FOR
PROTECTI NG AN ELECTRI C MOTOR AND | TS CONTROL CI RCU T, AND AN ELJE%\F@@
MOTOR' The present invention refers to a system and method for ing a
conbina 5 tion of an electric notor and its control circuit, which ains at
detecting possi bl e stwwehni cal failures that cause the current to rise. An

el ectric notor basi @4l |y conprises a rotor and a stator. In order for this

notor to functmﬂmmmﬂmm so say) far the rotor vi ng, voltage
is applied to Iml n ducing the rmverrent”"g’ " m@“mﬁ@@ 10 Usual |y,
the control of rot-ati-en speed of the notor is car means of
inverters, which in turn are fornmed fromswtches, a§°°1‘°6‘ i nstance a MOSFET
(transistor). The appl i cation of electric notors havi ng controll ed speed is
wi despread, bein i nstance, for driving conpressors, househol d
Appl | SHiS"A BYSIEMLANDLA METHAD EOR BROTBEAING AN EHERTRICNEHCR AN SOt or s
Wi t hout pos(% NPROECEOIREUIT, AND WNEEL B PRICEID TR’ constituted by a set of

di odes for branching the alternate vol tage, froma control central that
actuates the switches and a bl ock responsible for detecting the position of
the rotor by nonitoring the voltages in the phases of notor, naking a
conpari son between the nonitored values. The control of the notor is
carried out by nodul ating the voltage on the phase of the notor, which
consists in applying and interrupting the voltage on the 20 phases at a

hi gh frequency. By neans of this nodulation, it is possible to control the
current supplied to said phases of the notor, and one can adjust it at the

desired t d d f t 7 203 I h f
muct | on. mot O PrER FOT LSS o6t W] 0Bt PRI BT e

COBL I' QlonAdf aﬁpe@etr@nﬁotbpaﬁws kehtr@ dichicihmen RmsradbbrElinPpddimie/ dchagsa on the
phases of the notor. In both cases, a ‘control central is enpl oyed, which is

usual Ifgilugemtbet causedhe gursent tauise: ocont rol | er or a si gnal processor, which
receives the external command for operation of the notor and starting from

the nonitoringPledtRé ﬂo’?&'bﬁﬁéllyaéﬂnﬂﬁ:s% alrB®r BR4 Q'tatoV ‘?ﬁ bifer fdr Whis ‘ﬁthorO” the
motor, position of the rotor, €tc.), generating conmands that supply

vol t ade fenrtioa.ihat isreo say. fardhensater 1o sta imRyingh ¢orgeuistarpliechindthesi@ien dmi ng of
t he m?fu@fnp tﬂé‘ﬁmo%&ﬁmf;ﬁt’ﬁftﬁ@%td%”der go 10 rises (or surge current) as a result

of a overToad or el'se as a result of a short-circuit. The rise of the
current resulting froma overload does not inmmediately endan ger the
i Aegrity of thdswelitheaeantiohaf tgtationspeed ptine gk iscsarriacheutdiyrmeans ¢fi se

resul tnﬁv@teﬁ%%c@ﬁ lE mﬁta ecfogrﬁg& %romasant@hé/se £} fcgr%t:gwc%%t M@@FE‘%’r\[ﬂaﬁﬁstgr)pr otection

mechani sm's e ac

The application of electric motors having controlled speed is widespread, being

used, for instance, for driving compressors, household appliances, traction, etc.

Basically, when used in permanent-magnet motors without position sensors,

15 the inverters are constituted by a set of diodes for branching the alternate voltage, from a
control central that actuates the switches and a block responsible for detecting the position

of the rotor by monitoring the voltages in the phases of motor, making a comparison be-
tween the monitored values. The control of the motor is carried out by modulating the volt-

age on the phase of the motor, which consists in applying and interrupting the voltage on the

20 phases at a high frequency. By means of this modulation, it is possible to control the current
supplied to said phases of the motor, and one can adjust it at the desired torque and speed

for its operation.



order to prevent damage to the notor or the respective control circuit. 15
Description O The Prior Art The systens and nethods for det ectm&q ﬁdérge
current in electric notors known fromthe prior art usually act e2

using a predeterm ned current value,_4bat is to say, a nmaxinmum current
value is predeterm ned, so that the notor wll not be damaged and, once

this value is e eded ecti chani.sm.i ct protecting the

motor or the 20 Pt JRREHEH bicte, BepSte et of RedBior i BERER et hod
does npé cenwdllc? spBsd bd tirhlie beiRg ieffasted WyahdRliatingahs VoltRRtor theghaesdlbt s from
a overload or froma short-circuit, causing the pro tection nechanismto be

act uattByMarei t her situations. One prior art approach is disclosed in GB 2
267 190 and is related to a circuit breaker to shut down the power of an

el ectric notor i pbikecREEH c&ftroﬁcérﬁia'l &ér&nplé\&qpm!cﬂgsh?ua?ly%'én&ﬁut\é&'b?% three
separate circuits detect a slight-overload,” a severe-overload or a

shér t -reicraeantyolier peasignat E@P@%f)bé'i’h@ esaives thederternal qoaumgnghier opeyatienpicat e
the t sed in
s a' SREBLo U E Ty Ran BE HdsRthnd WahiaRlal Uit etbritho Rloidlivel hABHEEEL,
meas uranripe tnetor Ipesition of therrotentetbiigegertipd icestmaintls that sopply solagserd ur-

sol ution .t roiect the notor in case of a overload or short-circuit. 7
MAY 2(56'5& %“%I% Y Descri ption O The Invention The objective of the present
invention is to provide a systemand a nethod for detecting the occurrence
of surge on el e@uring th®taotuatianend tfumooonﬂhg oF tied motdrl thevdureht widyl ungiesjol e one
tq.di stinguish the occurrenc f overl oad

A8 t Tp? (i roe g rEBng o0 §f SORIPPEAL B8P CRRILRIARPEFIER a pr ef er r ed
limt. This objective is achieved by neans of a protection system i ncluding
a control circuiTheafsen il @ient Restlihg frohd opérivad does Got reneditely@ndén-r cui t
and the electric nmotor, the control circuit conprisi nr%aa set of sgﬂtches to

cont r @' theeintegely Pl ke FWé"rr?S‘flcﬁa" berrentrglads Howgkely e Giirent teshieseling A a
connegl %rﬁ&rchf?ﬁﬁ QNleRPtapfd dctidh land dtfa Pﬂﬂédt@h nfRERiO sheliRWe alated in
commandi ng 10 the switches, the central control measuring an electricity
condu@rdesiio praventdaraagentodhe mptor onthedhsreckvel cortipl GiFGWg a di st ur bance ti me
passed between the begi nning of the conduction of one of the sw tches and
t he occurrence of_a surge current, the surge being neasured by nmeans of a
siP ge DpscHption QftiherPrieiydr es the value of a current that flows trough the
control circuit e qspireleher Mbeds Gor WBREiNAURe bilferk SRt sBbiEHbBE 2
conpari son between t'he 15 di sturbance tine and tthe conduction tine

det er ikhawniiem kher pidiersusugly eotuatenty wsing lBtpredetemmined owresnt yalieothat ﬁoﬁm a
short t { { : ent
nvendpbit Ayl fehl B khrdRdtua, S5ihtind Mol Wil AR B8 calaBed bAEZT!
cont r @nce ll*ns:ualue lsté)e:ee<nmed pratactionl mecfhahrsm iv@ctuatde prodeatiag theettotonor the

o0 ey, STRLHLR, RoPBlerChimeitbloBliiT motB dPeh oL e b el oor ™

measu ra\itm@héiher theséuntehnisee rdsuttefrorp s everioat \we o & ehdregirquit] tausirig thepasict | on

of one f the sw tches andgﬁge occurrence of a surge, the occurrence of the
sur ge ($RPANERALISMER 3F°FH§’ in githenRituaignSar i son of the val ue of a current
that flows trough the control circuit to a predeterm ned current val ue,

conpari ng t he GHeSpritr kangsprbadieis WidchbseBen GBI 6Yi 180 dride, rewaaeddet@emme
whet her the surge current results froman overload or 25 fro

shor t PEgakenta syt dowe the gewen of anpslestrie motpy iaMe syent pba é%d“(%rf&mdm Hidi ti on,

Eé PSBRAGH, thr%\é%gér%fb én?cfuﬁé éetbet @Qngﬁl—%%ﬂdéa HRbMre A%l BNPSRM-cikdit d

ases bel ng y a set switches, said swtches being controlled by a

cont r dhesei aireuits bairg mnmmdéo a levbmarwg@ ingigateitke Wpplof pigbles that acopirises to
control the speed of the notor, the control of the switches being carried
out by a cont r/-\‘?)loth%? lét@{ﬁ gﬁBPéWi‘st&ch& 31%509%’58%40)3\6&6%@]9 nﬁ@% drpnt r ol
central neasuring ctricity conduction tinme of e swtches
and naas&lmatmtgmtm |sj ccsntwﬂbdiby: metaswmg)msﬂebtfmecmm being apeligchiil isgobfore-

The. s oPbRasBugh D ol PertabCnadbro hRBBRLEPTTERY « ne bhaces i gher

than a predeterm ned current value, the control central nak 7 MAY 2003 -4
ing a conparison between the disturbance tinme and the conduction tinme to
determ ne whether the surge current results froman overload or froma
short-circuit of the phases of the electric notor or any of the switches. 5
Brief Description O The Draw ngs



The present invention will now be described in greater detail wth
reference to an enbodi nent represented in the drawi ngs, in which: b:I gure
1 represents a schematic diagram of the speed control circuit JfMQtha
motor and of the surge current detecipL according to the present invention;
- Figure 2 shows a tenporal diagramrepresenting the behavior of the

curren @ﬁég@ﬁ{'?’hgﬂﬁu”en situation; - Figure 3 shows a tenporal

di agra \9{"0r of the current in a short-circuit

situation; 15 - TFriedobj6ctide 0P ieEpRBER iavdntionvistioasrbage af sydiemraidha theisspr di ng
to the present in vention. Detailed Description OfF The Figures The system

for priot delerting R asPwEance of REIGSIONAICITie B0k ERdits epRiEdlcroule wbrcalwy e0D t he
presentpd BM%g% aumedg%ﬁ'tﬁé‘bédﬁn%ﬂwéf GVErlodd 5#‘5 F frGila ]Qﬁrte , bS/ us‘?@ ust ed
mn SC a ustrat €s

to a deter current lirmt. Figure emati c t he
nmotSor dnlpadutrent detenteradjusteddd aqurefesed miti t s control 2 and feedi ng.
According to a preferred enbodi nent of the present I nvention, the notor 1

d bed | t :
oot 1t oTHEpBhoh e AEFaF St IRl 950 R ol Sl
be seeanirclit ofram e@ntne niptmt foe proteating theacwmhtnot srwm 1ahd the electdaimotd, tieeconed! by a

o oo BUBRPr gl B ol erp! oo shlecarthe Pelly oty S | «

I espons téntel tertrdl menrmuhd Bithe Bomtfol ichheuity tHe maocbrﬁﬂaes@émwe@ oBmmd?%mgand Fs
of the nmotor 1. The control of the set of swt is carried out

byl 0a dBRtMEichese ihe gental conyrohmeasying an; e*ﬂ?H'Cﬂ)ét':@B@CBﬂ” cS’f“estr geereat fent i s

carri egyiRHbs Bd FRa8Figfa dstbi=08e werpeageod&me@ﬁ {nBBeinhigidf ti éd?ehctuo%
connected to the control central 7, which neasures the current IRS that

f1 ows QIBAQP! treswitaheriand e eERWTENeR:0F 2 SPIGR SUITRRY, thensurge being maspuredHay
currenhedals é& dEfe@fég u/hFcP aPé‘shtﬂé vatdd: o@g%{r\@?ﬁt@af ﬁclm}ésﬂ'&ﬂ;bqge 'chf | gure

1, t he resi stor I nsta n a p05|t|on 0} circult hat al | ows
one t dral ebcuit toea cpc&demmlriem durreva vejue, the cghtrad meakég & cpmﬁarnsomprttbt\}?eemfhet he

t basi.cally. clrr I nt r ol
The" rhbaitd B e AR e SRR e bl 500
be5| defeonn en ewnlda@ o fifoar a ahort-cif cuitroatthe Blectsio odotaror tahg of thgrsalitchys, f or
i nstance. The 10 signal Ds is generated by the surge current det ect or 3)
when a predetelrm ned | unn~ rren exceed he su

T ent Mot oot T WSSent iPPalon e it 1 & Ftnod i drbiecind 4E BREEE meldBndl Poge

conparigtahtréicirchifiehe Speidsconfrolvdiitiedmator beiag catriel oubby e@ealvelﬁtomuimdlrﬁ+
where| n "E+" is the vol tn%%e of the first termnal, of the resistor Rs, and
"E-" %S¢t sydichesydhg et jsing=the steps Pl Mmgpsuing 2y glest E?'Brc%g““tﬂ“us an

es8entingd biYedeAtt tRéwilthbs, aRasufifg tHRCdlstOdbahb@time phadsy sweénitle Haginag Re.
The +VB voltage is a const ant .

of conduction of one of the switches and the occurrence of a surge, the occurrence of the

surge being measured by means of the comparison of the value of a current that flows

trough the control circuit to a predetermined current value, comparing the disturbance time

with the conduction time, to determine whether the surge current results from an overload or

25  from a short-circuit of the electric motor or on any of the switches.

In addition, the present invention refers to an electric motor having phases, said
phases being fed by a set of switches, said switches being controlled by a control circuit to
modulate a voltage that is applied to said phases to control the speed of the motor, the con-
trol of the switches being carried out by a control central connected to the control circuit, the

30 control central measuring the electricity conduction time of each of the switches and meas-
uring the disturbance time passed between the beginning of conduction of one of the
switches and the occurrence of a surge current, the surge being a value of a current that

flows trough the phases higher than a predetermined current value, the control central mak-



The resistor R causes the voltage variations on the resistor R2
(represented by the current Inn of the notor) to be added to the m‘%éﬁnt
vol tage defined by the resistors Raand Rs. 20 For a situation i n7 WHy t he
current IMflow ng through the notor_4_is close to zero, the voltage "E-~
is higher than the voltage "Et+", thus causing the outlet Ds of the volt age

conpar.ator Co to be,at "low' |I.evel. en th urrent though the notor 1
Fsbe. B, EORPaTtIN FiverD: N ATHEGNGY TR SPLJHE (GAEUGHN FES AR T ITee
vol t aggndthert A sufdecturrdrt redURE HTRE ah @VEHIoddN R Frdnh e sHAHLEEIt b tHel¥hadss bnl et
corresponding to a current value beyond the adm ssible limt, that is to

say, db®elcticanetor anany qfthe switahgs. characteri zing the detection of surge
current. In this situation, the outlet of the conparator Co passes from

"l ow' level to "high" level, signaling the occurrence of surge cur rent to
the control central 7 by nmeans of Ds. The differentiation between a

ovérl oad and a short-circuit is made by neas 30 wing the rise variation
time of the current IRS, i.e., in the event of overload, the current rise
occur BriefleseripipntQfkThegDrawingsit i vely |1 ong period of time, until the (LIMT

value is reac , 7 ' £ 20 - j tor 1
enters into SE@‘%W@?%& ms q 6“%%8”7‘“ rm@v#\? Sésgzﬁg%d {nggégﬁﬁéggﬁ%w&?ﬁ%age {Bga& dly,

t hus eamatiddimentogprebentdéinethe drawisgdsimehiof: fail ure by neasuring the tine. As
al ready known fromthe prior art, the speed control is carried out by neans
of switches Chl.- Ch6 and s illustrated in figures and 3, the swtches
1 Cha conductTaE) bR o taneielf B f Ferpaed sone!firoyl of e
((aondusdtopand binBe stifetcurreni GiedlenaiRbidig topigplebentivieatib@n speed to be

i nposed to the notor 1. In order to determ ne by neans of the control
central 7 whether the kind of failure on the notaor resul froma,

over | oad or e SR Borore! Yegeerd ferrasartig Jom ber of e €M hin

Tc-ti neovddad dofrérMRith4liont ur bance tinme) neasurenent. The Td-tine is counted
10 fromthe begi nning of the conduction of the swtches Ch until the noment
when the current, has reached the (LIMT value, that is to say, when the
surge current “otiHE 2N tMRRTRIHiagramfaPrgsentingdhe-pehgvige qfé'¥ Ferent e of
conducd drew-&fcul BRutOh ches Ch and depends upon the situation of notor
operation (basically speed and |l oad). Figures 2 and 3 represent the
tenporal diagrans of the situations of overload 15 and short-circuit,
rd3pectivel y. -Bjo¥Bfpgpiesgnisireliowegiagrany chine methad @seerdisg 1o iedResem Bhat, in
the sh@pfigrei rcuit situation, the current IRS reaches the ILimt value in
much shorter Td tinme when conpared with the Td tinme in the overl oad
situation. As can be seen fromfigure 4 schematically, the criterion used
for determ ning whether the surge current results froman overload or from
a shorgetsildLDbscriitiATNOFTHOPiJuresO rel ation between the Td and Tc tines.
Thus, when the relation Td < Tc . k is true, this means that the notor 1 is
i n short-circui tTheystentfon Piatecting leaalenYiq Motos pBe its CANtO! wiraw5aqeRENING 19e not or

1 the present invention basically comprises a surge current detector 3, adjusted to a deter-

20 mined current limit.

Figure 1 schematically illustrates the motor 1 and the respective circuits for its
control 2 and feeding. According to a preferred embodiment of the present invention, the
motor 1 described will be of the three-phase type, which does not prevent the invention from

being applied to another type of electric motor.

25 As can be seen from figure 1, the motor 1 and its control circuit 2 are fed by a
source supplying alternate voltage that will be rectified by a set of diodes D and filtered by a
capacitor C1. A set of switches Ch1 - Ch6 is responsible for the modulation of the voltage on
the phases F1, F2, and Fa of the motor 1. The control of the set of switches Ch1 - Ché is car-

ried out by a control central 7.



has undergone a overl oad. The neasurenment of the Td and Tc tines, as well
as the conpari son between the respective values is carried out by neans of
the control central 7. The value of the constant k is a fracti onMgy 2Pdrtion
of the Tc value (being a 25 nunber beiween 0 and 1 )) and defines the limt
for the distinction of the kind of failure that occurred on the notor 1,

and may vary dependjng upon the type of npt ' ' ddi tj to th
pr ot ec%/i on ?/eveﬁ-?‘ﬁdie_f)%t'ag\?gﬁ”rﬂﬁ_GP%E'“I'ﬁf?'g'gfj%ébéy H%gﬁ%ﬁ{:gl)sﬂ{g%-quhgn{, n‘ueoof E
I's 50%étiNg dircil 3 @l id EorinBEted o tHeBRntrs! c%h_ﬁélt?,W‘Bﬁfrﬁé‘ésu?ékﬁﬂe%@?/&rﬂflnﬁﬁ%% this

i
means that the motor 1 is in short-circuit, and it is necessary to add 30
sone plowsetargdhe sisethraughitie asistar Rsothal tsita sanrthe eurent deat dlows trowghithel n t he
cases goﬁtgﬂesTehi_?hhpnger (l onger than or equal to 50% of Tc)) this neans

t hat the notor as undergone a overl oad. 7 MAY 2d03 -7 Besides enabling
one to differentiate the kind of failure occurred on the notor 1 or on one
of 5t he swi t ches Agtillustratedhig figuteel.ghe sesistor Ry isnnstalled inra peaiticarciiihesirawte t o

esti f e the o) val uating
i e B kU5l DS RAIE ARl OB ERCER, HICoECH e PO AL
descr idueent Ird basivally cepoesenting thercatrendvt hat t he scope of the present

I nvention enbraces other possible variations, being limted only by the

ConLent e, of ! ho ASSRRST Yl M ar TR LB SR R o

cont r @dh1ci Chsli Bes(ds roteidng ek@erdal irforfation, duth)asfths sighalt Bs; tfbmigstahce. apet r ol
and the el ectric notor circuit conpri si ng

circuit (2 1), the_control ) 2)

al8et sgn E#t‘% gerergted) by tecee GP"?"ﬁfeaeé?ﬁ%fd&o‘f’h@‘ ?I‘%eﬁ’ﬁﬁ?rﬁ?'“?d(l'“)”f velWg system
bei ng (ehirdrA Gk s2Reeddtd. conprising a control central (7) connected to the
control circuit (2), the central control (7) selectively comuandi ng the

switches (Ch), the central control (7) nmeasuring an electricity conduction
time (Tc) of eadRestraenaurment doleciohd<sorersesay operatiand AgPiliedi SpuMsddse tine
(Td)  RAGSRHe RBMPBRA 0L 85 REIHBR! SFHuifién BREFAORIEH! GailgBs OE--Qiha gl LWidfersiki t Ches

(Ch) and the occurrence of a surge current, the sUrge be ing neasured by
means “Bt” ia teeivgjtagdet da tinst eBninahtidhe cesigien Rs andEEvds the \sitage eltheather (| RS)

(18] et e o 9Pt RO o Bty b BT REREITBIRR, SR bance

ti me (Vidéy Ramdd ReeThe +Ve voltage is a constant.

The resistor R1 causes the voltage variations on the resistor Rz (represented
by the current Im of the motor) to be added to the constant voltage defined by the resistors
Ra and Re.

20 For a situation in which the current In flowing through the motor 1 is close to
zero, the voltage “E-“ is higher than the voltage “E+", thus causing the outlet Ds of the volt-

age comparator Co to be at “low” ievel.

When the current though the motor 1 rises above a lumt limit defined by the

resistors Ra, Re and R, the voltage in the inlet “E-“ becomes lower than the voltage in the

25 inlet corresponding to a current vaiue beyond the admissible limit, that is to say, above the
lumir limit, thus characterizing the detection of surge current. in this situation, the outlet of the
comparator Co passes from “low” level to “high” level, signaling the occurrence of surge cur-

rent to the control central 7 by means of Ds.

The differentiation between a overload and a short-circuit is made by meas-
30 uring the rise variation time of the current Irs, i.e., in the event of overload, the current rise

occurs gradually, taking a relatively long period of time, until the lumr value is reached,



15 conduction tinme (Tc) to determ ne whether the surge current results from
an overload or froma short-circuit on the electric notor (1) ?l{ W of
the switches (Ch). 2. A protection systemaccording to claim 11 A
characterized in that the control cepfral (7) indicates a condition of
short-circuit of the motor ( 1 ) or on one of the switches 20 (Ch) when the
di sturbance tlmeq(qg@ is shorter than the conductjon tine mul tiplied

To)

by a MEeas et WaRG de Molph ‘oenigrsinta shork@ffuitaine det ¥ tpec(s7|)eap cating

a congjgdron r%fra MR/, HRRSnablirghe T8 uBect hﬂs and"@ﬁQ y HeALUidARE Sindel M& (Td)
P gxcon uct | § P

I s | onger t ntime Tc mul t y sal actor (k). 25
3. A protect | on system accor di ng to'cl aim 2, char acterized in that said
factor (k) is ediwelready Bn@vn ffomAheretioret, £ hﬁrsqﬂedtCQOermCameféD@f(hwmeamﬁotor (

1) angdly t?he;soéM Obhﬁ'arnﬁubé nuﬁgt)rate& *iheggﬁﬂggg aﬁhil”ot rtt?é s@&%hteE Srﬁ[tg% ccgr{cﬂ']ct) bei ng

carried ou sel i vel met hod
bebng etrttmcntgztfelr a zjethrlhnytedcnqmpd suf mgwet ﬁne(csnmmlonftnmetmmluaneg deperelirgctponci t y

condu |on time of eac tches (Ch), measuring the

di stuﬁi ﬁoé%t'gtnlsr?gga%?eﬁﬁ%o?ggt%&\e @ﬂr he begi nni ng of conduction of one of
the switches (Ch) and the occurrence of a surge, the occurrence of the
surge being 7 IMéydeTEQaSJetegmmﬁel@S meads bf theeesrdrobteritted 7cwhethen therkimf oft he

val ue .of a cyrrent ( o t ou h the control circuit

o1 edetahis ABANE Eitiaint rduLe o0 2 pariad FofmA S hic i 8 e VBT Ta)
Wi th tihesssfiectliphe bhaer ik (dlét@béia%eef rﬁbﬁﬁxe%\ﬂbht%ﬁt e TRLInGE isCeBuntdt
results froman overload or froma short-circuit of the electric no 5 for

(19 orfroshtherRediiningef thgicoadieation chihe syitchesrhrad! hecperapmigvhes Bp surent
chara iy t [ | . Lt :

hor ¢ 125 rgATd e IR valdd] R4 1 S AleR e S e PBEC el 588 foures 2

i ndi candB)wibe tcﬁmajlsﬂhertbmt@é condustiomef thes swttmteSe@h ahdrdepgrdsc opatutitei on

time (s'[ tloW“UfHOQH {Q%ﬂgbgﬁﬁ?%ﬁ%@a%g ranges fromO to 1, and an

over | 8ad condi ti onro 'S Tndl cated when the di sturbance tine
(Td) is longer than the conduction time (Tc) nmultiplied by said factor (k).
6 A rret hod acc &igiiresy2 aod Blrapnes@')t tbétsanmnrdrdiagfarnimf theatituationssdiogeraadpar i son

5 n_el r,( avi ng
2 S bS8 el 661 b Eseloh B, P
svm t c m&sst(cﬁqmrdm& |sngatmnﬂ1|ecdutredt Ibsyreactmmhe Qlmrealue i mut2 shdrter Mo tdoeattena
vol tage t l.ed .tq sai a F) to control the speed of the
m)tor% ?redwﬁt‘ﬁgmﬁﬂfr@rm% eggg‘ﬂﬁ’ﬁ@ﬁ‘é’s -acterized in that the control of
t he svmtches (Ch) is car rled out by a control central (7) connected to the
control circuit As2an be seen from figure 4 schematically, the criterion used for determining

whether the surge current results from an overload or from a short-circuit depends upon a
20 relation between the Ta and T. times. Thus, when the relation Ta < Tc . k is true, this means
that the motor 1 is in short-circuit, and when the relation is false, this means that the motor 1
has undergone a overload. The measurement of the Ts and T. times, as well as the compari-

son between the respective values is carried out by means of the control central 7.

The value of the constant k is a fraction or portion of the T. value (being a
25 number between 0 and 1), and defines the limit for the distinction of the kind of failure that
occurred on the motor 1, and may vary depending upon the type of motor 1 in use, in addi-

tion to the protection level to be given to the latter.

For instance, if the value of k is 50% (or 0.5) and if the Ts time is short (shorter

than 50% of T¢), this means that the motor 1 is in short-circuit, and it is necessary to add

30 some protection mechanism in order to avoid damage to said motor 1. In the cases when T
is longer (longer than or equal to 50% of T¢), this means that the motor 1 has undergone a

overload.
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conductlon of one of the switches (Ch) and the occurrence of a surge current, the surge be-
ing measured by means of a surge detector (3) which compares the vaiue of a current (Irs)
that flows trough the control circuit (2) to a predetermined current (lumr) value,
the central (7) making a comparison between the disturbance time (Ts) and the
15  conduction time (T¢) to determine whether the surge current results from an overload or from

a short-circuit on the electric motor (1) or any of the switches (Ch).

2. A protection system according to claim 1, characterized in that the control

central (7) indicates a condition of short-circuit of the motor (1) or on one of the switches

20  (Ch) when the disturbance time (Tq) is shorter than the conduction time (Tc) multiplied by a
factor (k) that ranges from O to 1, the central control (7) indicating a condition of overload of

the motor (1) when the disturbance time (Tq) is longer than the conduction time (T¢) multi-

plied by said factor (k).

25 3. A protection system according to claim 2, characterized in that said factor (k)

is equal to 0.5.

4. A method for protecting an electric motor (1) and its control circuit (2),

the speed control of the motor (1) being carried out by selectively commanding a
30 set of switches (Ch),

the method being characterized by comprising the steps of:

measuring an electricity conduction time (T.) of each of the switches (Ch),

measuring the disturbance time (Td) passed between the beginning of conduction

of one of the switches (Ch) and the occurrence of a surge, the occurrence of the surge being
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U&' () -1 Y@*#10%s5, A method according to claim 4, characterized in that, in said comparison step,

a condition of short-circuit of the motor (1) or on one of the switches (Ch) is indicated when

the disturbance time (Ta) is shorter than the conduction time (Tc) multiplied by a factor (k)
10 that ranges from O to 1, and an overload condition of the motor (1) is indicated when the

disturbance time (Tq) is longer than the conduction time (Tc) multiplied by said factor (k).

6. A method according to claim 6, characterized in that, in said comparison step
said factor (k) is equal to 0.5.
15
7. An electric motor (1) having phases (F),
said phases (F) being fed by a set of switches (Ch),
said switches (Ch) being controlled by a control circuit (2) to modulate a voltage
that is applied to said phases (F) to control the speed of the motor (1),
20 the motor (1) being characterized in that the control of the switches (Ch) is car-
ried out by a control central (7) connected to the control circuit (2),
the control central (7) measuring the electricity conduction time (Tc) of each of
the switches (Ch) and measuring the disturbance time (T4) passed between the beginning of
conduction of one of the switches (Ch) and the occurrence of a surge current,
25 the surge being a value of a current (Irs) that flows trough the phases (F) higher
than a predetermined current (lumr) value,
the control central (7) making a comparison between the disturbance time (Taq)
and the conduction time (T¢) to determine whether the surge current results from an overload
or from a short-circuit of the phases (F) of the electric motor (1) or any of the switches (Ch).
30
8. A motor according to claim 7, characterized in that the control central (7) indi-
cates a condition of short-circuit of the motor (1) when the disturbance time (Tq) is shorter
than the conduction time (Tc) multiplied by a factor (k) that varies between 0 and 1, the cen-
tral (7) indicating a condition of overload of the motor (1) when the disturbance time (Ta) is

35 longer than the conduction time (Tc) multiplied by said factor (k).
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