A CONTROL SYSTEM FOR A COMPRESSOR ACTUATED BY AN
ELECTRI C MOTOR The present invention relates to a
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and notor-conpressors, designed for operation in a

wi de voltage range of the feed network. Description of
the Prior Art Single-phase induction notors are w dely
used on notor-com pressors, punps, ventilators,
househol d tool s and appliances, and their per formance
thereof being sensitive to variation in the network
vol tage. The ca pability of overcom ng the |oad at the
ﬁ&@h‘rRoUbeYselefg}l Fbﬁ%%owﬁﬂ?ﬁs‘%ﬁ ABQUﬂ?QDWAﬂ%fEE?‘HIC MOTOR
power Ssuppll1ed depend on € dimensionrng thereof an
on the voltage range to which they are subjected, this
vol tage being i nposed by the network. The di nensioning
of these notors basically consists in defining the
amount of electrical steel and the el ectric-conductor
mass (copper mass), wherein the |larger the anount of

materi al €fipE presént nvehtion eelatdwetope rcontrongyxtemot mbhod and
not or and t i gher the maxi mum power that can be

he, h
o3 RHAPEAMERHIAM OISR ARG MRT-SomPprRsSAEdRGIoned derepasation in
VQW@@%'P‘{#Q@NA% Ifet%odﬁétwa?lg by the characteristics

of the wndin I's necessary to define the

nescriptionalf tee BrishAdh t he notor runs in order to keep

t he capabi.it f overcom ng the specific | oad torque.

For a gi veé'ln#' 43§, ’nﬁlé’ct'%%%tlofsa@ée Meelyedsed onpmotor-com-
18686rsC pURIpS! vEMIARRES @ng i e ir per-

géa ract eg Wl Vi_ncr ea§gfou§ht6l£ ot gbaﬁgﬁg%%é and their per

nfexnanee thereaigeeing sensitive e vapptiordh the hévomovoltags. Tiee ca-

fl t he nmaxi t ature which the naterials

iy & ol nliiie, e s The it e sftsivncy: e eatng and the

kiU v dsupplied SeepeNd bh tﬁ@%ﬁ%ﬁsf&‘ﬁﬁ%{sﬁ@réﬁoft 8nd on the

di mension the electric notor to ope rate a nmaxi mm

weltagg gangeito whiuthey ane gubjectedy thisheltageibeing ingpdsegeby the

tr{b%/ojrks to say, the greater the relation between the

maX| mum and the m ni nunvol tage the | arger the

addi t i onalThensitnsnin@iof théde ARAGHST Sé’siéélp/ EBHdigtg it Riefining
not or project feasible, which makes It nore expensive.
the amount of electrical steel and the electric-conductor mass (copper mass),
wherein the larger the amount of material employed the better the perfor-
mance of the motor and the higher the maximum power that can be extracted
from it continuously. The nominal operation voltage of the motor is defined by
the characteristics of the windings, and it is necessary to define the minimum
voltage which the motor runs in order to keep the capability of overcoming
the specific load torque. For a given winding, as the voltage applied to the
electric motor increases, the power that can be extracted will increase. On
the other hand, the maximum voltage that can be applied to the motor is de-
fined by the maximum temperature which the materials employed withstand,
determining the condition of maximum voltage of use.

As it becomes necessary to dimension the electric motor to ope-
rate at a maximum voltage that is quite higher than the minimum voltage, that

is to say, the greater the relation between the maximum and the minimum
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Thus, notors enpl oyed under conditions in which the
network voltage varies within a broader range are nore

we@xpensilve t han notors used under conditions iPCTBR2008/000006

the network has little variapion. In general, in |ess
devel oped countries, due to ecological limtati ons,
feed networks have serious limtations in their

di mensi oning, with the consequent loss in quality of

?Pl?aq%“ﬁ‘@bévrgé}aﬂ‘fenﬁdcﬁtimrarN&HtQﬂﬁnél%@i‘dl pdduded v @haking this
oating, wth periods of very high voltage when there
swtdi project feasipld, which makesit mate \exPengi¥s. when many

|20 2 o EOUnREASY 5B SR onei R AR, netwon

QORI validP Wahln ¥ breaderrahé ar@lrhegeexgeriveaihad mibtors used
10 to +15% whereas in a network of Iow quality of

gndeggqnhditi@s\/iarwldcmaw nelvask has littleevariatige- of -30 t o
+35% T : L Gal 1 e
Footri cti Bha8RerE s Hsd SBidhd Eoiifled EROBPGRdBYical lmitati-

oA8) foret hetivarks fhavk setiousnirhitationseinsitidér tineersioningiawith the
lity of electric ener%y and on the other the demand ,
FoRsSemient dessmsmaeality midha riesgy vRRD FaRESr ¥PHage: fequlation,

b the. ) _ : ¢ _
S P Aty e B e S5 e g
aRd Riite ndw Doftages whé® rRAmbidads 4fe cohrectedne desi gns an
electric notor in order to wor a
I

are .
of oper at ASrAMHEXAPIFe %fﬁeﬁdtﬁmﬁﬂémwﬁtgq%aggg‘q]@% ‘Ifoét\égi?toe%%%o v

al . ) h
B HR Ll SE REIFE P Lited elvdiagh WS g 250 o
Th8%iwhaerbas im a redwbikgofrlatvi qualify bbasetgye theoearidiioni may be in
of al ways fSed the notor, and for this purpose suffice

the fange ¢f780Jarda”f the controll ed vol t age shoul d be

| over t ha“l*nhg‘,eor’( ﬂ##ﬁe@fwﬁéﬁ Hord BHTeBEhYRICAl YSSti@ths, there

However, I's configuration does not enable one to
siusubllyren ehfavordbly gonjonctian of fdictarasontize enalside theHaw qua-
nventional o nor bt fore see caorrectio

. , d
“ohderiianasey 2bf eiybe ghebtie demaRd for Gioe fepromical pro-
CREREWAALIS nhALaIffi@RUbH U@ abbRMHE HEBIINCSE motors suitable for

these applications.

The prior art in this filed is described in Patent Document WO
2005053147, where one designs an electric motor in order to work with a
nominal voltage of operation or value of root mean square voltage, also cal-
led as effective value that is lower than the minimum value expected in the
feed network voltage. The aim of this configuration allows the possibility of
always feed the motor, and for this purpose suffice it that the value of the
controlled voltage should be lower than the value of the minimum network
voltage. However, this configuration does not enable one to build the electric
motor with dimensions smaller than the conventional ones, nor does it fore-
see correction of the level of voltage to be applied in order to compensate
losses resulting from harmonics.

Brief description and objectives of the invention

The present invention foresees a control system, an electronic
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Brief description and objectives of the invention The
present invention foresees a control system an

we@b@stitami ccontrol assenbly with an el ectric nBCDBR2@S/000006

nmet hod and arrangenent for ng tors and

not or - conpressors for enabling operation in a wde

vol tage range, making use of little material,
specifically steel and copper, such a configurati on
eoabdli assentitsly wéith, ah @ledtris naotoe,a ofetsodhhdsiriangement for mo-
conpressors, nakin ossi bl e .a nunb of coolin

295 (A MR R RISSSpFReloE ieabliag GPefiion 1o, iyide Vdttage range,

'Eﬁ’él&ﬁ@ﬂ&é of ﬁﬁle%a@i%!‘,’@g%giﬁ}:ﬁﬁy sidel hAdcbpPe’sudh a configurati-

conpréssor carcass o er’ size or o wer height, )
whi erfabtingtthe usgy;, éart iestamce) ok amalirsizsf compregsacs makingepossi-

Bl o e g BoGETne warreler piap s AEP2 AR BIALrgleyance.
DRI 419 NBMPIE ARE UMiERIon JNA SonfESHHHicREcdss difemaller size or lo-
teachi ngs of the present invention, the control

syes theightawbiaibenables: gresdeautdization of e apagein thetenaler, grea-

d t. desi d .f ' ' '
R e N R L
Merete! bR MeRHEddonii@t receives the vol tage sup
plied by the feed network and feeds the w ndi ngs

of
the el ect Thusneeerding imthe teachipge ot dhe fRipseoinvagtion, the

Limiti h | :
crBlLPTeEY 4V B BB, fid RERnYBmed 16x FItER AR motor
REMMIEYSOrS Uedigricd fitadPeRatidie inmat widet angavef vditage of the feed
capability of overcom ng start and | oad operati on

netwarksis dongtifvdedh bitanyelgetronie qoakg!l Hat vesqivesthayoliage sup-
e | . .
g tinbged REhRdHR 4 febfs IR LRtTGY BF fCelp Uit fotor or mo-

tiagorhpressbn fansdating elivhiting thbevoltagettoam effectiverwdluaiddse to
limt the voltage supplied to the, notor

dheyaluecol the expeCacIMENpLM Yaltage fafit eff%é n%é%’&ﬁ'&f%? as to e-
BRI 9 e Sopd B Ror i 2 088 doraton
noicuies, inalepbhderntly ofibedeed metwork havieg aditeaipetheavaitage to its
ERETLITE SREBdeHarale e B EoPoTTRGEN Hotees St Avalue
Lrﬁ%r\?/ﬁi ragéﬁ 32%‘ gﬂgiﬂgl nrg l%g(b¥@te8f tH bl cirYi8 Roh&BI Wil Ifrfit the voltage
supplied to the motor to a value close to the minimum expected in this feed
network.

Among the objectives of the present invention, one is to provide
systems employing single-phase induction motors capable of operating in a
wide voltage range, while keeping full torque performance when the electric
feed network exhibits voltage at its minimum level.

Another objective of this invention is to provide systems emplo-
ying single-phase induction motors capable of operating in a wide voltage
range, preventing the overheating of the materials when the electric feed
network exhibits voltage at its maximum level.

A further objective of the present invention is to provide systems

employing single-phase induction motors capable of operating in a wide vol-
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yi ng si ngl e-phase i nduction notors capabl e of
operating in a wde voltage range, preventing the

we@@shedto ng of the materials when the el ectriBCT/BR2D0S/000006

network exhibits voltage at Ats maxi mumlevel. A

further objective of the present invention is to

provi de systens enpl oyi ng singl e-phase i nduction

motors capabl e of operating in a w de voltage rangF,

tdge earigee pihilg kelepingr the dficiencyppe feimaneees tigiy ihigh,yeven

hi gh,  even, when the.f is at its highest

I"@'&é‘l t_heé??ql Vo ?ﬂﬁﬁe"’]’t 'tga]q%%%tz@%g'f t he present

i nvent i ongiig dnetHdrabjéeivayst thenpreesil iyenton is to provide sys-
si ngl e- phase i nduction notors capabl e of operating.i

demp eenploying ginglenpasqinduciion saeioEsicaralle ﬁee@éhﬁ‘g.ri'|6|21 wide

sysie t ement for notors and
%ﬁgg&%ﬁ%@@@gﬁggg%ﬁ gg [y consists in associating an
el ect r oni Theogdritedl systerapingethddraylilaatanggnteme feoinaeiges and

supplied to a notor wth w ndi ngs and rra@gnﬁ tic.core
SOIOEBPYPHRSEORS basisally 6onsistsyn AsepCiafRY @NFlectipRic control ca-

SAIEH BRSSPI BB O Efaone
Qif@frﬁdr@!suitablv{dimasimeu Ee foit net 'm%l btari andhgpetation torques at
effective voltage on the nmotor w ndings, so.as.to )

@ MRIRIAUM %xrze&g%wplitaq;e far \&P@e?lﬁﬁﬁ'ct "Ry MehRtk, JRIeL the
GRHTC Eohfis! hdGroBRAtes fé hitinod BF FRATPING etfetivb Witage on
thaimotor windings, soxps do eviaintain itsecapability kf MEedisg the minimum

Relatesispeaiieiy HepFatan maherieaty 6 M, g EER fetwork
a@fvggag? tc? DEILBYE HiGBrGRaR tHe ﬁiirﬂﬁ\uﬁf‘ vElht&se éﬁécﬁed?ﬂﬁtth@ hetwork.

east one power swtc electrica y connec ted
to the feddesetojedtiveslaragehiavied hyemeanstald contedl tsygiem for

floatjng f I ni t Kk .t t .
SNG4 ePERPRRY HURRE MoanorRavBiTTage 18 SRiEh emer-
Qfind AR Sb&FdHit CoRRbPand At IdBRRRBMe PovsdsWitdiPeBeaallg connec-
the” volta ge of the feed network voltage and

dedtto dihe depd/petweagk valipge chietfeed metuprk \wliege figatingdrom a mi-
Lectri t he, el ect ropi '

SUE ek Sopabote Sab s tot b/ BhoBeliEie.ng gt vota

g foRindinys SRS lefstithiy o Asd hikhngah toagier toirhbadigre the volta-

essentially close to the m ni num net wor k voItaPe .
egep et thed feast netwwrksoliegk and a controlled voltage applied to the win-

dings of the electric motor, the electronic control being configured to periodi-
cally actuate the power switch, so that the constantly controlled voltage will
be essentially close to the minimum network voltage expected for the net-
work voltage.

The objectives are further achieved by means of an assembly of
electric induction motor and electronic control, the assembly being electrically
connected to a feed network voltage that floats from a minimum network vol-
tage, the electric motor being dimensioned to operate essentially in a voltage
range close to the minimum network voltage expected for the network volta-

ge.
Another way of achieving the objectives of the present invention
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vol tage. The objectives are further achi eved by neans
of an assenbly of electric induction notor and

we@bmstitami ¢ control, the assenbly bei ng el ect rPCEBR008/000006

connected to a feed network goltage that floats froma

m ni mum network vol tage, the electric notor being

di nensi oned to operate essentially in a voltage range
close to the mni mum network voltage expected for the
Rethiough ael dreargemeiit dohmotoregoropreasbise formped by a compression

e Sty e LOLeI 08 L humton o
Ff&’méiﬁﬁgfﬁam%ﬂbﬁé@ VB%@,%etébrﬂ(bH@hWtbPé being regulated

i nduc r, the electfic induction no tor belng
fogdamyelectrmid cohtrek] froph taateed nabvarkaltageethe, oetwiek voltage

Fois (e o 305 K80k 155 eRharehE e s
e ©BBharkdRIsSel Iy 3ca vtohﬁgél_frhﬁggem@g td@l Aghimum network

dinmensio ned to opefate essentially in a voltage range
cotiage eapectedriomthen feed wetkorkol t age expected for the

feed netwgrk.., A further way of achieyi . :
obj ecti ve ﬁlfl’thpﬁ(\_/}valyr g&ﬁ{e\/?(qg/&]% ﬁgtgﬁ&i\}oeg?fgtﬂg pd'gs%nt invention
NIt of BidBAtof Pkt or ebhiroling ancélectriciraotor! e, elédteic mo-
el ectric notor being fed by a controlled voltage

dot beimgdfeid bynaacortralledkveltdgeagbtainask fraet aongtweask valjage, the

fl ogatin rom,a.mni [ I t

oK SoApRh Syl S PR RIE EtWRRE o tadls B o com-
HristritPstept W chntiiduaemeasdrintg tHecws U@ of thienswwlark voftage, and
the controlled voltage to a |evel essentially clos

tdesreasingniing Natuﬁo@fkthedxqrﬁ@éeewp@a%do&@V@béé@f&ﬁ"? Gié)se to

t,his | . ' rjnt.i . '

3P T s f vdiRRE RBRERY i kkifia R s 101,
Brigiideseription ef theetgringo an enbodi ment represented in

the drawm ng. Figure 1 shows_a bl ock diargmof the -
control s aaat 'QV?’&W@'EWQWO‘”F%P q'ﬁﬁcb'g% dmgreater detail with

. . TS .
FEAEPATR SFE oo BRI [ P4, shons o
thieck dragramgsf thé cohtropsystemt andaeahgemenDigranbteds and motor-

description of the figure
compregsors, designeg for gperation in a wide range of voltage from the feed

network, according to the teachings of the present invention.

Detailed description of the figure

As can be seen from figure 1, the control system for controlling a
compressor actuated by an electric motor of the present invention comprises
an electronic control 10, which is constituted by a processing unit electrically
associated with at least one power switch 5, the power switch 5 being electri-
cally connected to a network voltage Vac. The power switch 5 interconnects
the feed network voltage Vac to windings (not shown) of the electric motor 2,
the electronic control 10 being configured to periodically actuate the power
switch 5, so that one can control the level of the network voltage Vac to a le-
vel of a controlled voltage Vc.

Measurement means for measuring network voltage 11 and for

measuring controlled-voltage 12 are also foreseen for measuring the network
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As can be seen fromfigure 1, the control systemfor
controlling a conpressor actuated by an el ectric notor

w@booshes1ipr esent i nvention conprises an el ect r oPCT/BR2008/000006

control 10, which is constitéted by a processing unit
electrically associated wth at | east one power sw tch

5, the power switch 5 being electri cally connected

to a network voltage VAc - The power switch 5

ivattage Ynn@oddhe igentrelled vltags:r ke.vespegivelyac t o wi ndi ngs
(not sho c t { Lect nan

contr ol ng egétﬁég&? #t?eg%[eggoﬂ@ %Ser}tl?%d1id;§? )'/\Fe§c{h% in‘f’ormatlon

o ¢hep QBNIgEs VILIE DrEsent S0 thidh fide dometwoak (riawbrioVoltdye Vm)ednd of
of the network voltagé VAc to a |evel of a control]e

Vg valieos/@pplieg pnie Mmﬁ’@sﬁsofffbre e UEPRLOIRG welft@ge Vo),
AL 89 e baBRof Bis W%ﬁHéﬁcW GO F actRnld0EIek oAl Swit-
or eseen neasur | ne wor kvol tage c and

iches Gonas bp;ilyva)bbagant\/etfecrtwep&ﬂﬂaigeetb)the motor wmdmgs in o-
Qper ati onal lt\é{’att e electronic c recei ves [t

ntr 10
ithgrowakds, 8R theeconiraligdevaltanae/ oW ﬁL@'mayﬁ 9( gesenti y close
A v
appljﬁéljg-’cf{1 gﬁu?'gwtg e rvaiQ']rc])1 ‘S\M Wi’@gﬁﬁdofﬁpf‘“eoﬁﬁ'@??voltage Vac.
vol t age V@hg eIeetrmhiothbbe@as pswef swfitches bfureadatiagrbe of the
vat es ctronic swit

[ |1
NG bPR aratlie 1At SRatils % GraRrnd BiEipticn of the ater-
waﬂﬁgr&ﬁnenlt %p'aﬁ&ﬂo W dindisgs bhie élE@tri%%bfdP'd erplthe switch is

vol t al ways be essentially close to the
mfrthm]'rﬂlﬁé) typek the|pesigdicvagtgatiom o tine switghfwill take place at a
| ectroni c, sw tche

VAC. The
Hienbasived dinesped 15 RESSHYE: FEATER tonBRIRE value
tz@?d ARARheykleofanB Heblbkiy ?e' Qﬁ@iﬁéﬂbhg@ﬂtrﬂi dbfé@ the grea-

alter nating current applied he w ndi'ngs of
derctberretatioptatween the feetbnetwarks leffregtncﬁ valbe are the \tes}%% appli-

th actuation of the switch will take place
ftdetgqﬁ% ‘ﬂ?’)ﬂ’éﬂ&é 'd with respect to the crossing of
tARusttien® oF thé) e fof the coatrofed 9bRage VvV aacfarkiishs iRfthe net-
the network voltage, and the longer this delay the

g?‘%bﬂélﬂ@.&&gel ation between the feed network
ot v LS A I e VI o,

ol is agiginally Sintoidi| iapscdaset he beedinusuidaly aith agts WAL, as they
are increased, begin to generate a number of harmonics, which will gradually

increase as the cut of the wave becomes larger, that is to say, as the value of
the network voltage Vac becomes higher and farther away from the value of
the minimum network voltage Vacmin, a situation in which one should further
cut the sinusoidal wave, so that the value of the controlled voltage V¢ will re-
ach the value of the minimum network voltage Vac-min.

With the cuts that occurred in the network voltage Vac to reach a
level of controlled voltage V¢ to levels close to the level of minimum network
voltage Vac-min, @s the harmonics rise the current harmonics within the win-
dings of the electric motor 2 will also increase and generate, within the elec-
tric motor, various torque curves that will cause some braking of on the rotor,

generating heating and specially losses in the motor torque, and such loss of
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Wien a TRIAC is used, there is a cut in the VAC wave
form which is originally sinusoidal and ceases to be

w@ewedaildal , with cuts that, as they are increBSBEER2008/000006

begin to generate a nunber o¥ harnonics, which wll
gradual ly increase as the cut of the wave becones
| arger, that is to say, as the value of the network
vol tage VAc becones higher and farther away fromth
varque sifoulchdergampenaated f@rr dependiag ®MAhRJOREeS caased by the
|tuatJon i n which one should further cut the
Bi°Gal wave, so that the value of the controlled

V0| t age Vin videlr t6 ofpentar foRkhis, @écdrdmagrmmnmachmgs of the
network voltage VACGCM NWth the cuts that occurr

{Presand inyenkionppne geoddhern raige dhe @mév@lheﬁor@f&llﬁg dplt%%e Ve

ol t
185 Vel R e B 1€ il R Bl BB cyompr-
Perticizilly hathonalas ofithéd feed h@twmlrkldohl@@e ¥he tseagt@compensate
notor 2 wll also increase and gene

Sowcaliats 6 lase gt 1o o dBo el Tealpy 2dniaudh e Nardigpic,con-
S%@S &rtfl '\fdﬂagé s ifGehfdr?in t1REV6k&Sd Wc&%ﬁéh&?e%?’ secon-

["0SS€és i n the nDtor torque, and s 0SS
QfawreﬁeetsSdsmlded Ib),ethm)hraanembe@brﬂemtsdafpmedmitglgerappﬁed to the

| osses caused by the harrmn or to

feptor kAR bedeler@ineg hgorgiica 'ﬁzfaﬁnﬂ@% fﬁctff%m&‘.%geﬂfhe motor
i Ve r

SRS BRSNS 40 3k b il el om
dfencheassays rmmdneclmg Idheowerkgmame am thepelecirier moteral! Hince
to t he val ue of t e feEd net wor k

Bes R sRsanance et dBLabRReoR BaneY shsnefedbe.
el ectric 'IS%I Q'gehetdlrGld ?Bnb%rﬁé‘éﬁ@@éﬁthﬁ?mé Bifefertle béveen

vol tage S I nCrenen In the vol tage to corrpensate
ftbe vahmouf tuxarrynrmhﬂm:netmmk:szeUagg Mabannhanarithe corlselieshveltage

b bS B PgoistA tonecREeince hEMAED bR PREHssEge Vac
?g‘?’e% FRAPHUAT nétwdrk doltge MPAL M|ﬁeé3xpe%$ed/\/9élhc@&he necessary

rmned enpirically frombench assays checki ng
tdmmmmsfacomea stibstantially inearcbekaier ererEY iRg @Nt Wéslével of

S LTS BPRISOLE For W PeOMED SR Y cheRERF ose
tthe a‘i'rhcflfrﬂfo‘?ﬁﬁﬁn@rﬂb\b@ﬁﬁpdrhﬂts/m ue of the minimum
network voltage V ACMN and the controlled voltage .

In terms of practical implementation according to the teachings of
the present invention, one should configure the electronic control 10 so that
the controlled voltage V¢ will be essentially close to the value of the minimum
network voltage Vac.min, @and the closer to this value the network voltage Vac
measured by the network-voltage measuring means 11 is, the closer to the
minimum network voltage Vac-min the level of the controlled voltage V¢ should
be kept. From the opposite point of view, one shouid configure the electronic
control 10 so that the controlled voltage V¢ will be essentially close to the
value of the minimum network voltage Vacwmn, and the farther away the net-
work voltage Vac measured by the network-voltage measuring means 11 is
from this value, the farther away from and above the value of the minimum

network voltage Vac.min the level of the controlled voltage V¢ should be.
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VAC wi || be proportional to the difference between the
network voltage VAc and the m ni nrum network vol tage V

WM N1expect ed, since the necessary conpensarPCDBRIAS/000006

a substantially linear behavBor depending on the |evel
of cut of the network voltage VAc by the TRIAC and the
consequent increase in the anount of harnonic
conmponents. In terns of practical |nplenmentatjon

accor di ngA Birthee Wayefaqiyating agerrdideioethe PAGRALS & the pre-
%%ﬁt ﬁ%ﬁh&n,‘?&g& LY EStabliéh it thé Gﬁfe‘?eﬁcfér‘ﬁél@*ee%oth%%a'ili@&f the
the control’led voltage Vc wll be essentially close to
tnhiairnamugewfork heltagai Viagmn endothe cantraligel WARgA Mc shaalild be
the closer to this value the network volta AC
ESROTIERADP AHEVI ol P61k K tHEPOMNEF R TEDan A" e network
Fint A Ay I e -
Vefiade YAE{tolRath MaleleTUI ANl cfoseold SRmiriuM ebitsc vol
Fagervihbanopipestade poi nt of view, one should configure
the electroni.c control 10 so that the.control!led
Vol t age. VAT We S DERESSATY FORIRSTAGN iR ¥k op e con-
tn’bﬂeﬂ‘\fdiltﬁgg‘\fteﬁvatrake\tﬂ’éde@% tMaf\endchin antinhfecthbagtide®s resul-
away the network voltage VAC neasured by the
nieg\icork -the Bppgaramea ©f harmgomis Kesponeints, fasgtascrbed befare,

the farther anay fro aqd above the val ue of the

' £ AC- M N the level of the
control | eghgvipld Rt GasStheWuts BEtHR eVl dfethe Wrtweik voltage Vac
actuating according to the teachings of the pre sent

iriseethis ovill raise thehaswpnisl ¢asrentraf thesignalf gergrating a heating

SRR ReLH YRlics hplRel SR Bh AL APUERRY smaler i
RoAksHrisoNRith tthe deved\0t Iheating Uvher baetgspliby theevanmef the full
switch 5 in the network voltage VAc to reach the |evel

sinyuseidal| of the Inglworkoveltageny ad Fitheh B0t R, that is dgsay, without

- e y n_.thi . . )
Al MAREWEIRS TR oh i ¢ sy B R bl . s
Yation bt tHediken woalteocct®, gdrairatingplosses &l coppeat e t he
effects resul ting fromthe appearance of harponic

conponent g heaBrese8t iNeaGOR Vil WIVEOdhiseproRIaBninagmuch as no
TSSL BRI By 8 b S el e B e, e
theatingresulting dant &ve bawhortit eorippnehts aeaduattiorgobthe decrea-
t;%a(t)g t%% network voltage Vac for the level of controlled voltage V¢ is signifi-
cantly smaller if compared with the level of heating that would occur if the full
sinusoidal of the network voltage Vac is applied, so that, for practical purpo-
ses, one could consider that in the system of the present invention no heating
occurs, whereas in the art of applying the full level of the network voltage Vac,
heating occurs.

Construction in assemblies of electric motor and electronic control and arran-

gements for motor-compressors

Bearing in mind that the concepts of the present invention are
particularly applicable in cooling systems, one foresees the construction in
the form of assembly of the electric induction motor 2 and of the electronic

control 10, as well as an arrangement for motor-compressors, formed by a



10

15

20

25

30

of the electric notor 2. However, such an effect is
significantly smaller in conparison with the |evel of

wheasiimg4mwhen one applies the val ue of the fulPCT/BR2008/000006

si nusoi dal of the network volbtage VAc to the notor 2,

that is to say, wthout cuts nmade by the TRI AC, since

in this situation of full sinusoidal wave, satu ration

of the iron would occur, generating | osses in copper.
Tompressiemimeéchanigr ocoupled te dhe eledtiic imahadtioanmotor 2, making

455 REHE RS SRR ABITHING TR ConSECHBRERS FPPTed to the
%§§ttkéh§ebf‘ﬂ1ef bRISehDRVBAlG®Nthat FOBPRE MS eRTtrie dRSH 2 @ dimen-

decrea se of the network voltage VAc for the
lsioneld tof operate siubstantially dnydhe/ooitageirgnge iclazenta yhe minimum
smal ler i f cqnpared with the |evel of heat,i that . . ..
Reerkovattans; Vico Sxips g AE Lt ek vElabn dhgo it is, within
o8 5age c\éﬁ@ef)ﬁs #Phetqd thé SystBat of the présat inveditiour po

ses, one could consider that in the systemof the _
present i hesttherarrangesaentaf the coter taypper@iss in gomjkaction wi-

ShleiS RN Sty EnthniofEnefls  rBERRR R Phos o

Ehe RidtbCsoREab prodide! £ rgaeivalrosiffidentirowrcame the highest
enents for notor-conpressors Bearing in mnd that the

mstuiredibyt the annlisation.iinieyeliage equal fathe miniginy expected

' le i ' Sy . SRES : )
3BRa0¢ B g 1Bod ARMAOR M AUsER0 B s B FREmBRE i e capa
bl ot bperatingtwithcut srdbleing beerewdehrihvifeed aretwork tdltagesis at
wel | as an arrangenent for _r_mtor-con&re,ssors, formed | .
537 fﬁ@ﬂﬂ'ﬁ’i‘e‘@‘i’%rﬁ%ﬁh@iﬁ %d'mmee@ﬂ% opigopfrek wili got be limi-
' ' . i . l. .
1EE K il Vortorting HH (b Bk WHich Aol it ] bE i applied
$o tieemotdr. t he present invention, that is to say, the
electric potor 2 is ﬂi nmen si oned to operate

subst ant i EHt)er. dn @pplicaifiansgwherentie elpeldle metarifpis actuating a
1 .0 | | V., . .
o LEBRIr 8 KRRl ECSH, B e BprStsds F il enable
dpp bas dompressiorns yetohanisin ahd tipe efeetric mota tobe iNdialted on a
erate.in.conjunction

t he arrangenent of the tor to. .
RMURT CARASE does e eleekimior 2RAYS AROBHSATY 8auRT size
SUERSEED G Al took BRI SARl bejorang o e
prighastt This motor-and-pump assembly according to the proposed techni-
que in the present invention will not present additional heating in the periods
in which the application network is exhibiting voltage higher than the mini-
mum voltage expected for the network, facilitating the maintenance of the
temperature ranges of the electric and mechanical assembly of the compres-
sor, in values that are acceptable for the efficiency performance of the com-
pressor 1 and durability of the materials, which will make it possible to provi-
de a quite compact light-weight motor-compressor to operate in severe con-
ditions with a wide variation of the electric network voltage, employing con-
ventional materials and with reduced cost.

Sizing of the electric motor 10

As to the sizing of the motor, since the electric motor 5 operates



10

15

20

25

30

| oad required by the application, in a voltage equal
to the m ni num expected voltage for the feed network

WO eoogaerto on. In this way, the notor will be ceQEEBRR®S/000006

of operating w thout problent even when the feed
network voltage is at its mninmmvalue, and in this
condition the electronic control will not be Iim' ted

to the voltage conming fromthe network, which al V\%
iat ardeaseasad Ieyelgipoitage eadigicant ivaesignsd me@per@#a at the level

B30 D A M S B 5, 1 A8 oo

ShBUICASS Suitablyvdinheresiaridd; tihditds gaith eadypedsdimensioash ani sm
and the electric nmotor 2 to be |nstalled on. a in'%
car cass & this wae takiag: as @nexasppigi 2 fegd \network that "exhibits

$hifl Cr?éWon O&Féeige f\cs,'a@edé@ré%éoew 865 beloW hdBé Il fore-

size or a conpr si ghed accor |ng to the pri
aeken nomisahotarthawingingofdhe @hshityc auator diwil hawve utlsenumber of

R gadrousen o desctomith Bi% BhEbrevskRsSqunh dinsists fhe de-
t%@ R AN O e 'fntbﬁd&&“fblbgtffeor tﬁb\foﬁg%xﬁlb&ﬁ@r ohl§ar0% of

m ni  num vol tage expecte net wor k
fradtu(ctldrmfi thg voltagemiithtrespectdo die nbeninalnadueatiniconjunntiers with

305 TOREHAR iadbS RN Gise pra D PBrensiens R BRGRESE core
Rer 49 WBBEFa V\ﬁf urﬁ&bﬁ‘r tﬁ@ 'Eo%ﬁﬁfh%f tﬁeafﬂﬁmﬂl-jfrﬁ%lhétdf f@éd tn‘é‘ﬁNork

mat eri al make it pOSSI le to prow
yoltage c.\bntmthIth\ glm hmeﬁhtpqwtbdﬂ J@\cmrnfssdmthno regaecﬂng the

SRaEFFC BTG SR, SRR Bt
@H@étlo’# i tAedorh® of eskitirticGRateriabe fprtﬁ/e'é’ff sinde this sizing can

electric notor 10 As to the sizing he notor, since
ttieemaldecanly @ymmeslncﬁbwamamnava@@r@faﬁworl@v@ltagﬁ, not by

SR e Al R 5500 IR ook onoer.

iwhigeotietbdls to 85% Mgher thahahe hokngluialed| v
di nensioned, that is, with reduced dinensions. In this

way, taki fgrther daking AepRebasis dae) ahovaceranpiat inie fiped net-
TS, A LB S Aob, e kE et ing i tocc
GletWbrk ColtayeOV A2 df the avewb ks valtadee Ve fand +35 above the net-
work voltage Vac, this results in about 20% reduction in copper and about
33% reduction in steel, which are necessary to construct the electric motor 2.
Further taking as a basis the variation of -30% to +35% in the network volta-
ge Vac, it is possible to obtain a decrease in the range of about 20 —~ 25%
decrease in the motor height.

Option for operation in bi-volt

Bearing in mind the characteristics of the present invention, it is
possible to make the electric motor 2 a bi-volt one. For this purpose, if the
controlled voltage V¢ is modulated for the double of the minimum voltage
Vac-m, for example, it would be possible to construct a system capable of
adjusting automatically and operate connected either to a 220V network or to
a 127V network. Although the motor operates with less efficiency at high vol-
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turns reduced to operate with 30% of undervoltage,
whi ch consists in a de sign different fromthat

wo adoendadd f or a feed network exhibiting only 129/8R2008/000006

reduction of the voltage wi t{yrespect to the nom na

value. In conjunction with this reduction in the

nunber of turns, one al so di nensions the magnetic core

so as to operate, under the condition of the m ninmum

\tadalat Roufcestll bepossilsleviel darateVit/for xbimpley withduheheating and

hi ghest possible | evel of induction, respecting the

iGvarieagpesbleisency required for application, which

will |ea [GNLE ClLd ' :

magnet o RACRE R GLHES BpchEREL! i bReself ii2tER, Bhe can

meARverthy dusiredrobjeltivesgandiitss possimlarto alanefadturees wompres-

vol tage, not by considering the maxi num val ue expect ed

oF wilearsignificanthiodecraased ¥alysie apf; @htr@oﬁ?@ebténgptoc gave a
o i . .

pE0QUAREL ohafles I 2 AL Aol R RonGH: Litflgd PELER A, Trol

ey theecafighiratidnhofaa biavaleprodueBB0% bel ow t he m ni num

feed network volta  AC-M N of the network volta

Vac and. +PselebgeeSRadanta Rk aohes Sebstbed i S be un-

R780ba thit MBYLopBYthE ieddt invdhtioARRR/erd Behed Hssiks aria-

reduction 1 n steel, I ch are necessary to construct

ttioas ebeirigr limitedbboly By tHaucoments akthegaccorapamdng claims, which

variation of -30%to +35%in the network volta ge V

Meeiude e PosilIPRUMENBt ai n a decrease in the range

of about 20 - 25% decrease in the notor height. Option

for operation in bi-volt Bearing in mnd the

characteristics of the present invention, it is

possible to make the electric notor 2 a bi-volt one.

For this purpose, if the controlled voltage Vis

nodul ated for the double of the mninmmvoltage V

AC-MN, for exanple, it would be possible to construct

a system capabl e of adjusting automatically and

operate connected either to a 220V network or to a

127V network. Although the notor operates with |ess

efficiency at high voltage, it would still be possible

to operate it, for exanple, wthout heating and

over|l oad problens. On the basis of the teachings of

the present invention, one can
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achi eve the desired objectives, and it is possible to
manuf acture a conpressor with a significantly

waemsasaed vol une and, at the sane tine, to haPEI/BR2008/000006

product that operates in a w2le range of network

vol tage values VAc, inclu ding the configuration of a
bi -volt product. Preferred enbodi nents havi ng been
described, it should be un derstood that the scope of
the present invention covélsAM$er possible

vari ation bei n | ed onl f
rcconpany ing ke tehT{or & famBies o bRl b R ebcific mo-
e ikvabpitbm dmpiding:: A control systemfor a

conpressor actuated by an electric no tor, the system

conpri si ngan-elegraniecentsrli(@0kont r ol (10) - at | east

? dipﬁﬁﬂ,ofa‘@" Wt@é&ﬂﬁ{ §W"%$h{9é yelé? fyt &Lrte%tt%??o the feed

néngodrks t@@tgeng/,\fc; Offie e Bt MetWurk V@Itager WA\éiolﬂbatj@g ( h‘om a mini-
ACMN); and - g{vver swi tch (5) interconnecting the
s WWW'\?&&( geM(N\W@) to windings of the electric

mtor (2)% 4 RwRenidifh téfga%amghﬁtea fe hgfbikvoltage

that the el®ctronit con conrigure

mV£¢)levﬂﬂUingsmthmeEctrh:emptm@E) switch (5), so that the
controll ed voltaqe (Vc ) wll al vvays e esse yQ? y
ectronic con-

close to thecantiRlAYSiana e <hasariesige "/ﬂ)ﬁtjt
gi/&g?g@ﬁg Joffi nlé% thfég\ A m ralétqgi'éttﬁ@ (r)ltv%’eg)wtch %%)étéottngt the

accor ar act
Tontoikdy vbuagmt(ive)ywtllhalwatysmeeesmnt(aﬂy closg tohtheehimitniing net-

PRIl AdR (FammceXRatied f e, Bl eimorh Kyitags (VaR.~' °°°
t
system ac@orﬁgb{?&eﬁrﬁa\/o@??gto c&hﬁrﬁ%lﬁrbé@ﬂz@d i ‘{ﬁéthﬂfe as-

com prising ne measur enent neans (
sedbly fomued byl the cospeessor 48uaradihe elestiitsmoEia) (2) ms dlmenSIO-

F6rk P srecia A agan ess 1o MeaB b aryer volisas Casn)
accordi ng gt @\ s)stbM Seccrdnbast@aint 2d charachaizetsy alreifer com-
prising network voltage measurement means (11) and controlled voltage me-
asurement means (12) to measure the feed network voltage (Vac) and the
controlled voitage (V¢), respectively.

4. A system according to claim 3, characterized in that the elec-
tric motor (2) is dimensioned to operate essentially in a voltage range close
to the minimum network voltage (Vac.min) €xpected for the network voltage
(Vac).

5. A system according to claim 4, characterized in that the elec-
tronic control (10) keeps the controlled voltage (V¢) essentially close to the
value of the minimum network voltage (Vac-min), and the closer to this value
the network voltage (Vac) measured by the voltage measurement means (11)
is, the closer to the value of the minimum network voltage (Vac-min) the level
of the controlled voltage (V¢) will be.

6. A system according to claim 4, characterized in that the elec-

tronic control (10) keeps the controlled voltage (V) essentially close to the
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tric motor (2) is dinmensioned to operate essentially
in a voltage range close to the m ni nrum net wor k

woodosaga4(V AC-M N) expected for t he networ k veCT/BBZ008/000006

(VAO). 5. A system according!®o claim4, characterized
in that the elec tronic control (10) keeps the
controll ed voltage (Vc) essentially close to the val ue
of the m ni mum network vol t age

vebiecpf the FH”'@%I"[%WPH%VW@%& ON#*SQ ggg) Q‘I@gfgj‘lher away from
{ hgw&&tfw Péﬂ\ﬁ]rm)oﬁt geé)SM%‘égﬁr'étd ﬁ@v&lt&q(é?néa%urement

cl oser e va he 'm n| net wo tage
(veshds Nhl)hs) thdaéarttmredway frommethe cauendf the mimirnagengtwork volta-

[ | . d | ai ,
Sedvacre fhe BveloL RaCMTOIEH Etade S EbRer of (10)
keeps the7csa\n§y§da eé’cc\b%.h@nqs calh A, Es8Bkhibd i § %eﬁf\t';%e diffe-

to thevalue o e m ni num networ k' vol tage (VA
aence betweart e valweyoff thenmirimsiny aktveork oltage vinkmin) and the

S 388 e AR aPhebar B FREATERGERL vy evor
%ﬁ gé PV [ mesdumed landahe Qmﬁ;?m(lm%m @olfd}@s V%%J.N)%fxpected.

the Controlled voltage (Vc stem
accor di ng8t & sysiém accordingtaciaim é,e@harachenaed imé&atithe giffe-

renceb t he, val,ue of .the m nj tvvor voI

& peRyeat e ReIugn PerniritGol Py RIER (Ul i) 2R the
%ﬁﬁ@néd oawé d pvyhs p#ogsémbﬁam Haivepen cbh@ffékﬁbémfykthe power
vol tage % nmeasur ed and he m ni mum network volta

(SWHChNPNIN &W@d( veltage (s\{/m),etm reachithp fayel essentially 4] bse 10

SRR b O e e e 3

control | ed. AWosya@® ddéordingIoigiprs} cledratictioed in el thefelec-
cut effected by the power switch (5) in the network

\rmcag@nt(qmw) isteonfigured torpparatedn ae@@zim"reamoyaee é¥e), thaving
td?f:l ']E\Vélgnefttﬁ\é)frﬁm}‘rﬂ]rﬁﬂg r\(%hgé% ,ggft ed. 9. A

Sys em SCcot char in that the

el ect r oni docaut askerﬁfb@) of electid Iugilfoﬁdntmotme(mit@d gleztronic
control |l ed voltage ( havi ng doubl e the | evel of

{oRBYrR| h‘l%ﬁh‘ﬁ‘f@ﬁ%ﬁzﬁd\h}ﬂ beige edaﬁi@canw\gonr@@tedm adeedmejwork
FRUSLE YRS ML R ORRIER) VAP B4R, ) 8. B fh et
avdrkeditagd Widvin),

the electric motor (2) being dimensioned to operate essentially in
a voltage range close to the minimum network voltage (Vac-min) €xpected for
the network voltage (Vac).

11. An assembly according to claim 10, characterized in that the
electronic control (10) applies a controlled voltage (V¢) to the electric motor
(2), the controlled voltage (Vc) being limited to a value essentially close to the
minimum network voltage (Vac-min).

12. An arrangement for motor-compressors, formed by a com-
pression mechanism, coupled to an electric induction motor (2), the electric
induction motor (2) being fed by a controlled voltage (V¢), the controlled vol-
tage (Vc¢) being regulated by an electronic control (10), from a feed network

voltage (Vac), the feed network voltage (Vac) floating from a minimum net-
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vol tage (VAc)> the feed network voltage (VAc) floating
froma mni num network voltage (VACCMN), the electric

woreien1312) bei ng di mensi oned t o operat e essentPEl/BR2G08/000006

a voltage range close to thel4 ni num network vol t age
(VAC-M N ) expected for the network voltage (VAc)- 11.
An assenbly according to claim 10, characterized in
that the el ectronic control (10) applies a controlled
verk yghage/EVacwm, t he el ectric motor (2), the

o LR ok BBl S ARLETEHE P e ot

(COAprdtddr- (1;2s séedabr@mgat@éésémhnyrm ar vcﬂtamr rsigerclose to a
formed by a com &gessn on pechani sm coupled to an

ématfwmmthgck:vol erfi¥nomn) 2xpe¢tad for @@tffeeé NER¥RI&L i on
t 2
e cont 1 WETARRRfSe P e HSEEbb o SR caim 12

ehafddtenized FotHat the (€lébtronia econtrolf €& |mtsmd<cmkdlbglevoltage
(VAc), the feed network voltageNg}VAc fl oa@bﬁ &% nL

Vol ﬁ@ﬁ'\'%f%me'@ﬁi”@a@@tqr\@ti% vek ggseqtia glosede the mini-
PRLAhRBIERIRIGeA T ) bRE8cipfS ot orconpr essor (1)

is size oop 3?& rallTy in a voltage range

cl ose to d4mAmi amnamgmfnmﬂormd)tb&genwmm ehpecterized in
fortot%he feed . netwo

Sl rad Goarald 10T & ctionred R grarate (A captralisdqltage
(Dt Aafing BBUBIEARBIAR ©f KRt im ABMdrk Voltgd (.c.u).

con voltage (Vc) applie oteeecrlcrm
(2) to a l1évAlmethodrfor adJmtonbrhg)aB electti®enatdni2) MMelectnc mo-

U tein s elasiirolied vofiah deEppeined Rt LB R Petwork

%ﬁa@é qw@ Qﬁ’é‘tféé& n(ewarkl \ﬁ)l&@@f Hz)%aflﬁ’g Pl al m.mﬁufm net-
conttoll vol taN% havi ng le the | evel of

rwcvrknmﬂa@et Mok oltm@gnemvrdm;amu Mharastermedrdmoqmpdsmg the
ntrogllng an electric notor (2), the electric no tor
( 'ng fed by a controlled voltage (Vc) obtained

from the feemtingbudly meduridgetheMAfllie of tRe fieéed nReBAX Yoltage

vol tage (VAC) floating froma m ni mum network vol tage
(VAQ; Bnfl) , the nmethod being characterized by

conpr I'sing rgaﬁcing the value of the controlled voltage (V¢) to a level es-
sentially close to the minimum network voltage (Vac-min) expected and kee-
ping it at this level.

16. A method as defined in claim 14, characterized in that, in the
step of keeping the level of the feed controlled voltage (Vac) close to the level
of the minimum network voltage (Vac-min), the closer to this value the feed
network voltage (Vac) is, the closer to the value of the minimum network vol-
tage (Vac-min) the level of the controlled voltage (V¢) will be kept.

17. A method according to claim 15, characterized in that, in the
step of keeping the level of the controlled voltage (V¢) close to the level of
the minimum network voltage (Vac-min), the farther from this value the measu-
red feed network voltage (Vac) is, the farther above the value of the minimum
network voltage (Vac-min) the level of the controlled voltage (V¢) will be kept.

18. A method according to claim 16, characterized in that, in the



steps of: - continuously nmeasuring the value of the

feed network voltage (VAC); and - reducing the val ue
wo@booshesieontrol | ed voltage (Vc) to a | evel esseeit/BRRd0g/000006

cl ose to the m ni mum networ kiyoltage (V ACGC MN)

expected and kee ping it at this level. 16. A nethod

as defined in claim 14, characterized in that, in the

step of keeping the level of the feed controlled

steép afjdkeéphg) thel losa cbfdhehmritmued woitagad Vo) slasento the level of

k Vol hi
T MtalReraiion Valads adme, e dirgtERte bBuhded wié yafe o
‘{ﬁ‘é Hﬁnﬁ’rﬁurﬁ%t\ﬁbﬂd \Fﬂ!ﬁ’gﬁg PKI) %Ak thé‘%nerle‘évaa[‘@e W should

'evel of the controlle ol tage (
be pmpnmqmditcameodlﬂe@cedaatwaemm@ feeﬁqaeuarlewplzwe (Yiac) me-

aitec AP pittiERi® pefiarR YBRadd Bracwed PBpsteE: | he

m ni mum net wor k voltage (V AC-M N ) , the farther from
this value the neasured feed network voltage (VAc) is,
the farther above the value of the m ni num network

vol tage (VAC-MN) the level of the controlled voltage
(Vc) wll be kept. 18. A nethod according to claim 16,
characterized in that, in thestep of keeping the |evel
of the controlled voltage (V) close to the |evel of
the m ni num network voltage (V ACMN), the difference
bet ween the val ue of the m ni num network vol tage
(VACG-MN) and the controlled voltage (Vc ) should be
proportional to the difference between the feed
network voltage (VAc) neasured and the m ni mum network
vol tage (VAC-M N) expect ed.



