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WD 2005/ 071265 PCT/ BR2005/ 000006 Title: "A LI NEAR

MOTOR, A LI NEAR COWRESSOR, A METHOD OF CONTRCLLING A
WO LNEAR2B0VPRESSOR, A COCLI NG SYSTEM AND A  LpdEBR2005/000006

COVPRESSOR CONTROLLI NG A SYSTEM'. This application

clainms priority of Brazilian patent case No. 5 :

P10400108-7 filed on January 22, 2004, the disclosure

t hereof being herby incorporated by reference. The

SRRt | t | OVPR a2 nhe
@@%ré&"@%’f? nga%?gnﬁgg}a@s%r conFro i’né\ Ma%ﬂ@g[) OF

CONTROIING A EINEAR COMPRESSOR, A ICOORINGSYSTEM'AND A
controlli ng systemw th the purpose of operating a

LINEAR CQM RS ONTRQLEMNGBASYSTEMSt the Tatter

wi |l have the highest efficiency throughout its .

oper at i oﬂ‘hi§aéé@é%§j‘,5}g| ﬁéirﬁéqf%'lro!?i‘l’frﬁfi @rﬂaﬁiiér‘?sﬁr@?ﬂ{r case, No.

| i near notor y Cco ses a I near

134001 @8-7 iled roralamidrgr22; 2004 dhe discloswenthgreof being herby
_mechani s whi ch may com 15 prise a spring, or to a
INGPrRALAted BY refesenetoduces a spring effect, to generate

a resona ; ; (s r .
ond,  Tha SPRFrantinsaatorateddo d R wiploR o #idar dfimpres

sopya linedrustenpireisgongoritraliing metpsd,i ancoelingr systembias lwvellcasito a
actuate variable | gads. Typical exanples of this, type,
ligeag §RBIAFERSAr FPieding ﬂé%‘%'%n‘f!t rthe ngp@%loémr%ﬁ'{‘g a linear
c'ohﬁslﬁéés&oiﬁpfe%%ﬁ%é L %?l?&rt%eol%héP VAP RaVE qhg%gﬂe&' é‘rﬁcifency
systens, due to |?s effirciency 1nterns of etonony O
tedoaighoutiteopegionA | i near conpres- sor 100 enpl oyed on

a coolin stemis, as shown in Figure 1, usually ;
aﬁﬁﬁﬁf%&éﬁ&é—m ing (not shown), the gas :
cont ai neq, j hE lifearst el : RSst

and bei ngx g%r?h%gtﬁe'd an@gg)or%rsggggwggﬁ?ﬂégﬁagﬁear L@@tor, fo
exampless tineaomotal eagpded to a resghapt mesharisam wihiolm meay com-

7. The gas c ressi on hani sm t akes pl ac axi al
PH50 & SRAND. o 18 R0 Tst BRORANBICRCRS &yshracs Testhinaanprate 2
oSt mENh L A ARG imEaP nitor AR (e 168, THE Spljcations
of this type ol lirsart motorgaay iimcladel doivingofluid peinays imgemeral, which

The piston 1.js driven by a linear 30 notor 10, which

cag Q‘g‘l’?\t@d’aﬁ'ﬁ‘b% logd$or 411 having a coil 11 and a :
support 4 pitheexé & of His tyPel off ConsikictiBh SareiHER Bbtors
5 that inpels the actuator, rn this case the piston
einployed aot lirgasrcdmpnegsarssthat zre dbftem appligd talcooling: systems,
Spr.i nt% % . . . .

due to its efficiency in terms of economy of electric energy. A linear compres-
sor 100 employed on a cooling system is, as shown in Figure 1, usually
mounted inside a housing (not shown), the gas contained in this housing be-
ing under low pressure and being aspirated and compressed by the linear
compressor for release in a high-pressure environment 7.

The gas compression mechanism takes place by axial movement
of the piston 1 inside a cylinder 2 having a head 3, suction 3a and discharge
3b valves being positioned at the head 3, these valves regulating the entry
and exit of gas in and out of the cylinder 2. The piston 1 is driven by a linear
motor 10, which is formed by a stator 411 having a coil 11 and a support 4.
The stator 411, in turn, actuates a magnet 5 that impels the actuator, in this

case the piston 1, the actuator being associated to a helical-type spring 8,
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WD 2005/ 071265 PCT/ BR2005/ 000006 2 form ng the
resonant assenbly of the |inear conpressor 100. The

WO e®onanss assenbly, driven by the |inear notorpdDBRE®E/000006

has the function of produciﬁg a | inear reciprocating
novenent, causing the nove- nt of the piston 1
inside the cylinder 2 to exert a conpression action
comb5 pressing the gas adnitted by the suction valve

PEningdh BRoN BetssP Ly abMHinsAb horwEeotdnd) g vatve
3b into tfie tedunamt éssgﬁm%lyafmlvbththﬁ, lih8&r ﬁﬂﬂbﬂﬂOQﬂat has

of the |inear conpressor 100 is regulated wth
tbalfumt@ro@f Rredugioges Ilweeqpmabpg tm@vemwetacau@ngrthg onove-

’ﬁtp?flg‘ﬁ gtOBhﬁ%gge g'Tﬁ pﬁﬁg t0|eg,< 8mi>{r?§§§é9n action com-

B%lﬁgttﬁé@és) adMittddBy |the exictioR Gapel san tHdextent where the
possi varying its punping capaC|ty, reduci ng

lather pamche @hsqhﬁ?ég@d detthechigbtpressurgesidepéwratiglorthe discharge
[ educi ng the punping capacity. 15 A

V&é@%ﬁ%ﬂ’ﬂ? tb% ngzﬂl ed for controlling the anplitude

of the |iThe @ﬁfpllﬁm@bﬁﬁ@bﬁéwioheoftih@ hrkest octhpRBSoPH 00 is

the electric notor. Fromthe feed voltage of the

repeleted withdhe balgnael ofithe pewsir geneeatpd iby e linsaameaters, tand

the Gyt Sonsl Pl HE SR8 Rperi PRI s 1 gas plus other

|bs¥bect ance of the electric notor, capacitance if a
capacitor is used, 20 the counter el ectronotive force,

the i npedniber eharesterisis aidhe linger mcum/ lgﬁher@ssmlllty

FAERIRG 5 G FRD) Rbatil el bRolha SHF Tthe JERHE AR the

fdeeétutﬁﬂémpﬁfudehﬁ tauﬁﬁe@nibmgtthatpumpmg capHcity.he
requency of the voltage lﬁéﬁl ied to the electric

mot or . AWA aarafeeteaut@ brer toy aantrobingpifie @mplitude of the lin- |
ef%%@ggﬁr th%”f@e& K‘)oﬁ?gé of e Mé%ﬂi@ﬁ}o&{}re From the feed

sys ementers resonance,

vbltégé@ﬂ@b’e blectisipiér @itil thédebire@ampliangs ksaetieved there are
maxi mum "Gas Spring" Effect The resonance frequenc

vaflouﬁ@owtﬁﬁiaﬁngeﬁweﬁoﬁuyéaﬁe@ta{:twarﬁﬁ@éancwfethe electric mo-

P'Ii?é ?ﬁ&ﬁﬁané@ %Qﬁé‘ eli@c?m? n§59(8 o, é)%%ktaﬁéé i c%g@cit@rr is s' Bsed,
th@lcburm@seleprromtwe sfoadd, etrteetiinpadmhtseémftm festinans system
(tg\lgagsgsbzhg)ngﬁd tt)ﬁé \ég%rbrctags?orﬁ) stbtrl? r\}wt%nlttjs }nlg%rgrﬁl Ic\;(saséosl al'thee imped-
ance of this system depends upon the actuation frequency of the system,
that is to say, the frequency of the voltage applied to the electric motor. At a
certain frequency the output of this system is optimum, and this occurs when
the mechanical system enters into resonance; at this frequency the output of
the linear compressor is maximum.

“Gas Spring” Effect

The resonance frequency of the mechanism is not perfectly fixed.
When compressed, the gas has a mechanical effect similar to the one of a
spring (also known as “gas spring”), this “gas spring” is affected mainly by
two factors: the distance between the piston and the valve plate and the

pressures that the linear compressor operates.
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pressures that the |linear conpressor operates. WO
2005/ 071265 PCT/ BR2005/ 000006 3 The di stance between

wo b@spreson and the plate is altered when thep@i/BRZI05/000006

stroke is reduced, generati an increase of the "gas
spring” and in the resonance of the nmechanism (this
effect is the nost relevant to the op- eration
stability of the nechanisn). In a cooling system

Varyi ng. sl bBd N HE BRI e s pite B BREGRnen
tHBtpistont stred@ciBaedlLbed, afseratity) afdRBidasebf theegas spring” and
operation condition is affected by the room

in éhe sesanancenfdhe meechanigmdthis efigetriathe east relewant to the op-

<G08 ranliCorbiL RBcRpR L I LRSI sFr Bl erding fators
ditertshibstamiglly,ithe pressurassanfing freemnere Mistdriavies tienéystém is
10 system yvaries due to various factors. Cooling

t an codil #rreashes dre gperationseendition : thet oreratier iIsongition is

i ) . .

ol of" s 5GP tofTREPALHS Bod 166 Sl FEREER e Bhfhe cooter,

the giston/platedistainae ks diteteticivhenitas sybteni ddietls Aholelort IR8s en-

application to 15 coolers in general, the teachings

39y foritpprer@tion; ineis way. thayesenaiis freauencycefdhpigechanical

4RI Varibg dBBA6 Ayl Pictpfast ance, air conditioning
ystems. "Tn thrs

case, the only conceptual difference

dodithg Systeen/CaolertrbftigerdtersaUsabin diithi thal Teackings &iNthe Pre-
applied to a room (or cooled environnent), whereas In

_' OBf a cooler or-a refrigerator the systemis
used in [ hg C
cool i ng ;/rgrgfras?gv%%tg tyagﬁbttvgcr)itg%ﬁépﬁ’?%ﬁ?lgh% chgmgféééla% coolers
gmidothededolers Withl enbarkedcelettronicssir bdtitibavie theeapplication to
ca&aci_ty of analyzin the internal tenperature of the

coslarein gederalk fhegteaghingsreirihe prieserkinvaptien rmay be appiied to

i r S t: a i j 1 .

g s SR JACBEneral. 3P RS/aRGE ChE Sondiorbh Bfme n this
cage} tsonly ¢driceptuaiplifferehas diesria thetfapt that\théetr vériditioning
enbarked el ectronics,, having only one circuit that

syaiend iHAPRIRE K f ropme(aricrelad enyifueery), \vasreasrndhe case of

. s 1 . er,

FARIEPSL FramigeRI! (R torh Bt i Hitlosce AR, | ¢ of
oper at i nd\riywaam thed toaleenor vagling bystenwl witls embidrkedneleifiron-

.bar ked el, [ bvj ly h hi gh t wh .
l(@%rﬁlfge“pé(gw&% rmq{?{qéfcéc?ro\rﬂco&?cmts ﬁ’l\\é? h{i'l:weI t%eecr:apga%?ty of aerPaIyzing

the internal temperature of the cooler and making adjustments in the capacity

of the linear compressor so as to operate it in the most effective way possi-
ble.

The coolers or cooling systems of this simple class are not pro-
vided with embarked electronics, having only one circuit that turns on and off
the linear compressor (an “on/off" thermostat) from time to time without, how-
ever, being able to act on the capacity thereof.

In spite of operating in an efficient way, the coolers with em-
barked electronics obviously have a higher cost when compared with the
simple-class coolers.

According to the teachings of the present invention, it is possible
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sinpl e-cl ass cool ers. According to the teachings of

the present invention, it is possible WO 2005/071265
wEFQDsBR26D5/ 000006 4 to provide a |inear conpP@EBR2005/000006

with el ectronics capabilitiqf to adjust the re-

spective capacity, follow ng the demand of the cooling

system even in the cases where sinple-class cooler

are enpl oyed. For this purpose, the |inear conpressor

adtuie’s 158RERoRRRR RN KR bR S BTbY the re-

spetive vapatitpffolowingl e, ddmand ofrtheegsolingr §/¥tsrhs ev@den the
in the feed voltage and current of the electric notor

qasgs Wherevgnplerslass meslercaiepeapinyed. besdhisfurpasefthedinear

coriftes St i dn FaT8RIT My The el ARG egpesary

fostHeoregired domditdntithinitisé @nvironibat 6P4 peoler Visaseit 619 kteas-
end as far as possible. Exanples of these technjques

> P |
lﬁﬁm%‘és fergR) in the J@@@n‘@ﬁtﬁge@@,cﬂg@ﬂ@)@ thedelegtric motor that
. A wo docunments, the control over
%P’g?gﬂérﬂgﬁ%{ﬁ?@gﬁggh bed. Neither of these
Deshiptign ©f théPyvwewvAr, foresees control over the

anplitude_for the [inear conpressor to operate in, 15
r esonanc©ng 6f theawaysofiabiayirg angmpraeed effigigngysinogystems

R R AR SLACAREATRAE 0 R B8 dspectve
stokei dridoas farfagopossibler Exavnpids ofethesé techriqusssinay befdund in
moni tors the npvenent iston of a line

f th
doswpranss 1S 5. 156005 ansk b'S B 3D 1kt thesgiisoguments the
c%%@%'i gl ikgmt 6 EQQ%@FE&?ecP.fN{:ime? d?‘%ﬁé%{btchnﬂ:ruﬁe\éSBSWever,
anda a rret%o applgl cable 1o 'a I'l near conpresso at e
fbrsees asontat overithng ahiplitddes fort the lineser usampressdr ¢ operate in

first square wave obtained by int egrati@gght he current

rappnancg. 59 thad ovitbehasis rbile terrlings & dhese dogkments, the
RS cBRipTe e mag BrerSte; it 366 Sffehes ddpnkit upon its load
coheitiomst r ol over 25 the novement of the piston is ’
carried out by nean f a, TRIAC, evaluatin t he

i 1 er enduPER, ARG dopflibsie SYSIBRL AR e ias de maypgrent
o"i‘?ﬁ*? %ﬁk??ﬁ f ANfheatf BHATReYEY Cis diScibBed iN@¥cumBAt WEAN54253.
0 e Iinear conpressor operates in a position
Adcosding tto thedeachings pif ditie.dothuinzertpawsystem\@dd &/ riétivd appli-

d t. h th bl f . .
cagFeStong Iln%gprczgfar\%resso? a%ofore%rge?\, according to which the measure-

ment of a first square wave obtained by integrating the current applied to the
electric motor and a second square wave obtained from the voltage applied
to the electric motor. On the basis of these measurements, the control over
the movement of the piston is carried out by means of a TRIAC, evaluating
the difference between the phases of the first square wave and the second
square wave. In this way, the piston of the linear compressor operates in a
position closer to the valve plate. |

This document WO 01/54253 does not approach the problem of
unbalance relating to the “gas spring” effect, and one of the objectives of the
invention described in this prior art document is to obtain a greater operation

stability, and so the system can operate in non-ideal conditions in terms of
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30 unbal ance relating to the "gas spring"” effect, and
one of the objectives of the invention described in

wo boos/oprsor art docunment is to obtain a great ePCT/BR2005/000006
operation stability, and so_the system can operate in
non-i deal conditions in ternd of WD 2005/ 071265
PCT/ BR2005/ 000006 5 efficiency. Moreover, another
drawback resulting fromthe construction pro- posed in
q%g&unent WO 01/54253 lies in the fact that one

PPe¥s the phase by means of square waves. This

appr oach I\ﬂ&%cblvé?, éﬂbtﬁ&%nav&t%cﬂ%@t‘:lﬂn? hordithé Ronstr&tich pro-
bet ween the phases, it I's necessary To enpl oy
peisedtin aticomeEnt YOt 31/64253 Gepirn the facbthahwpetrhanitonsithe phase

ek e ik Do B eple Sl B PRR TRl o ir
é?ﬁ:@ ?@We&ﬁk@'pﬁb@eé,hﬁ ismééeggsag/cfb bﬁwﬁé}a%ﬁﬁfﬁ@@%ﬂcuits or
t he squar e e. This

Irst wave and the secon
onomitenpragramsahat make phhe indegration of theedutrent; dhat,generate the
h manu 10, factu [

el FRE She SEOABR (JoESre BaeE describadneia andsed calciiate the
reRt8n ngﬁ!d&e ]baté‘/gé‘eri:%v%ﬁwg% anlﬂ"lhé'@echG sbﬁafé"'hgave. This

arge nunber o nponents I n- volved, reduces
aoaistrabiion,tandthet process descrilsechthereinc howeyed haseathigmimanu-

SRAPERERL T RGRARTE e PR BoP I aed Pl Eing
HARHEES lcoAVeFSiGHS Which, G0EPIW! Ble Rirge Hundbébaksmponents in-
results in a high cost, since in this case, with the

vapedy aeduaee dhe i reliabilityl obthehsysteomr since ¢rche added electronic

excessiyely sophisticated mc ontroller and, .. .
R deBieght: oA RikabIEY o iAlirg, JARC et of mple-
rhéﬁlﬁiq; aCdeiiee destibed it &9 idogument b‘y%&aﬂ,@ﬂﬁ@%pﬂfbtﬁé‘repro-
use of electronic thernostats capable of informng the

gramcalao resyltship arbighscast, sineeimthigl caseyrwith thehappraaeh used, it

R Rty o 1pSe o E3fnrdit sapRlsagafet MigBRRRSter and.
tReTfbreahigher ebstshe | i near conpressor in any system
Anot her possibility is to actuate the linear .

conpr essdoreavar, fthgeapplicatior iaf yingag compressensein cooling sys-

(SR AeRsrBlS i IS LEB R Hocienll PmgrtE spbtig of Jif¢fming the
confrol, Wy meaing @fi & e6mpharid1sighBl &iboud thd kapasihye ehicketheolinear
the present invention_are a linear notor, a |lin- ear

coompress¥oshowd mpenale. dhis srakesl thengystem e@mplex arg dges not
pce?%litee{;{prligg{iér%f felnear compressor in any system. |

Another possibility is to actuate the linear compressor in a fixed
capacity and to use the conventional thermostat (“On/Off" type). This, how-
ever, sub-utilizes the resources available at the control.

Obijectives of the Invention

The objectives of the present invention are a linear motor, a lin-
ear compressor, a method of controlling it, as well as a cooler/refrigerator
that has no need of embarked electronics, but at the same time has the ca-
pacity of adjusting the capacity according to the demand. In other words, ac-
cording to the teachings of the present invention, the cooler will see the linear

compressor with electronics as if the latter was an ordinary linear compres-
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that has no need of enbarked el ectronics, but at the
sane time has the ca 30 pacity of adjusting the

we2apsoTizys according to the demand. | n ot her WOPCBBRZ05/000006

cording to the teachings of fhe present invention, the
cooler will see the |inear onpressor wth

el ectronics as if the latter was an ordinary |inear
conpres WO 2005/071265 PCT/ BR2005/ 000006 6 sor, thus

Eh. A Py LS5 b P oo
g@be@ﬁd %n@féiﬁﬁg tRE Wiolé Mfettrérfiarcontridt t@rtﬁéslifh@ar com-
I'n adltlon is an objective of the present
pressort.i on to prow de a 5 resonant linear notor that
t d th
o & oo pdeich, i RbREu e o el VB UG Prayice o

rEBKRaNSIhedlr nidtof R 'cBAlopePhteGh raoébrﬁrdﬂ%tvl'/é&} as TAuss tﬂé‘l%nge
intention is: To adjust the operation capacity of the

of dtsl displasgmieatrispgonesirmed, avithout theneed te o1gkecyssoef an external
Vi/l tout thF Eeed for a conplex thernostat, permtting
TREQLE B "Phe i near conpressor in any type of

system Thus eidlirtertish igse of the linear conpressor in
any systemw th a con- ventional thernostat (on/off _
t ype)To adiust the néerqj@nmapaqw aidhe soeting systen iy usmg a lin-

oper LDy RARICh!, Yir bl fye REBE YT HABlS, REHABLLER! pdimiting

f unctthenisebfahe lingat tcﬂﬂpfes%@f’fﬁf@ﬁ’ﬁ@?e dfeyBmMR. the sys-
tem al ways operate at its maxi num efficiency possible.

To*opke REEMH the sise0fttheilinear caBpsessakiin Ry Systemnwidl a con-

e TR SLh G G 54 b BB SE g B ient o
f unctthenbperation didpaensg, tHusTusihg the Wheld PoteritiadrofAhe linear

descri bed above, the resonance frequency of the
mechaGAMBPResSsar.i es as a function of the pressures and

of 4t L‘ch ﬁgﬁﬁﬁie' i e ubﬁqu%fQ %WIHSar gb&@Feé"s%'Fp{oeﬁﬁ@% he sys-

Si nc pressures are n-contro

(at 2k siaslys@iperatel at)itsahagiaiurmiefficiemenpessitblee | i near
conpressor nay operate out of resonance, which

resul t® opﬁrqtggsre@pnp@t lingardnetor, wihewkthetmead fuHae anhexter-
s B REIRUriBIAE ¥ bBhSGR Be18HE: Liodd operate always in

contr Varia accofr
optimum functioning condmons.

Summary of the Invention

As described above, the resonance frequency of the mechanism
varies as a function of the pressures and of the operation amplitude of the
liner compressor. Since the pressures are variable and non-controllable (at
least directly) at certain moments, the linear compressor may operate out of
resonance, which results in loss of performance. On the other hand, the dis-
placement range or piston stroke is a controllable variable, so that according
to the present invention it is foreseen to vary/adjust the operation stroke so
as to minimize or zero the phase between the current and the piston speed,
so as to maintain the mechanism in perfect syntony and consequently with
the best performance. Analyzing a cooling system, one can notice that the

aspiration pressure of the linear compressor rises when the door of the
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to the present invention it is foreseen to vary/ adj ust
the operation stroke so as to mnimze or zero the

w@base7izes ween the current and the piston speepCT/BR2®6/000006

as to maintain the mechani sm,in perfect syntony and
consequently with the best performance. Analyzing a
cooling system one can notice that the aspiration
pressure of the |inear conpressor rises when the door

S IR S R AR BB s e

tfdh A Sstrdtbgy of InhdlAtaiting thé rpafaeewnnfmtmnbﬁwarmg tihe opera-
phase m ni mzed by varying the opera- tion an&\ﬁlrtude

tictuasmplitude | Gavses  tbenliteassedmpEessAE te deereagse siteke, thus

h ' L ' { t hd

i ng G hRBg S Dr e SEstelmto iy ial flldhte, P B
Spl te of mikimgontaitas @beeniecthiatidn Qp&erfmaidﬁgtréf@r@’it&ﬂb the
bet ween the current and the piston speed, one should

eading ohihe phase bﬁwgeq;hﬁmecmwo@cbm%pm speedaene ghould
@@qﬁ%}#ﬁ%@%ﬁﬁﬁé B{"ﬁé‘g 'ip'r?a tf)‘é'bgl filed, g?eg@xgr&ﬁé?ﬁﬁam?rs for

- iP8fantet lorecamaC replaceahb pittoer spead bya!melwtbhldlsplacement

information to 10 read the phase by using the pjston

whicht isoat 9Q° with gespestde, eEFQh o@@ﬁeae%nawﬁeéhlw ormation to
@%@Vﬁ% §H§§e ?& + QRﬁfgflﬁ &Jgﬁgﬂyﬁ ?ﬁleé rbRrélc® for some con-

ﬁﬂkmtv@rccﬂi\@@idrw@ﬁ the (fomrlﬂ! o(r@&it/FDt i$ laddo pesémleptba&a@lace the

wWth the objective to neasure e Ease betvve%

spRatkAY tBﬁchqﬁ‘éero%‘ﬁﬁﬁﬁ?'Bgt'Yﬁ fonge (&%@ hihadns (in gphase, "With the
f

SR R ) St N8 B Wy s of e

mﬁehfahsm I(fo:: ermﬂnpre tha QEMFhePrefdEblyayhd eneziit of crderityphase
the formula [

t . 20 in k
emm%ﬁﬁM%%asg afe, es?ﬁPsrfegwi'ag é%vvgér@%ﬂtc @olanRhase,
and St i synd BeNETR, Sé'o\s?é.ha&bm@%ﬁdls pi ston

novenent |I's approximately sinus I's pos- sible

to know when the displacenent is maxi num the CEMF is
passing by zero. In order to dgtygct this value, it is
sufficient to have a pCBMEithx<s&nSor, 25 which wil |

i ndi cate a peak of signal when t 9 piston is, for
instance, close to its stroke end. Thus, in order to
measure the CEMF phase, the point of maxi mum piston
whemimdeiseatconstamtady isdthe piston-displacement derivative, and 8t is

the time derivative. ,

Since the piston movement is approximately sinusoidal it is pos-
sible to know when the displacement is maximum, the CEMF is passing by
zero. In order to detect this value, it is sufficient to have a proximity sensor,
which will indicate a peak of signal when the piston is, for instance, close to
its stroke end. Thus, in order to measure the CEMF phase, the point of
maximum piston displacement is measured.

With regard to the behavior of the resonance, it is known that, as
the range of piston diéplacement is increased, the resonance frequency of
the linear compressor is lowered, while the greater the load demanded by the
cooling system the higher the resonance frequency.

This phenomenon occurs because, as the suction pressure in-
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Wth regard to the behavior of the resonance, it is
known that, as the range of piston displacenent is

wo nipsearedl, t he resonance frequency of 30 therPdT/BR2005/000006

conpressor is |owered, while,the greater the | oad
demanded by the cooling sys@en1the hi gher the
resonance frequency. This phenonenon occurs because,
as the suction pressure in WO 2005/071265

54 QAP RIS B P8 S IR SYSITY 1R T wuigion VBNES! idinear
c%ﬂﬁ‘r’é%éf)r this trﬁééné“ﬂ?é”tsa thevma 1b58 ey bé@r@‘bdﬂaﬁtob%ncooler

put into he cool er. This warner nmass raises the
Ttasmrme:rreasﬁ raines |ttm eemaeraémm eloteeinteroal emédronment of the

‘%3%358 lﬁ%’éFé/St eni&"?% g? %8‘3’%)%{% 'talr?%gg%/%ﬁ " 8ht8'the cool-
|ﬁ§t| iRy Rdinl & %Iuﬂaséoﬂh@ld ke BAACGHE €an cddndmdtehmtat e pres-

es- sure and the tenperature are intrinsical
sune eanh thee derogeratungs are rrénms@allyomterppaaeetgds Jﬂﬂﬁhthﬁgfact of
he cool er

HPeB8 sorethianng! e €l seliln'd Be i prggsure. rais-

iﬁ%%en pres8ufd w thé é@%ﬂnﬂi@@%ntlﬁ@snﬁ?%éme%ﬁhhﬁce of the
crease, which wilT cause a hase shift in the |inear

menhamenptcedscweasen wicte wilt @ausmas phea@shifhdn thedinege com-
heat |nS| de the cooler rises, the |oad of the system
R{PS% ri ses, causing the resonance frequency of the

systemt anpr%@tlcé\rtﬁlst ReaBs 3hat) & thekBeathiagide the cooler rises,
i ncreased, which results in redu0|ng of resaonance

thedqad refythessystem: also gisasesaysingkthei Eesopapes fraguengy ©f the

SRR3R Bt ML R St e B RRSR, i s

refuting &1 FdsRiMant@Yradieney! Biceytheepistah effokaltie legern In this
at the previous frequency (or resonance frequency

dase; thatidiierensefyswbieh tbes'ssaa@mfrequea@f has tsenas a func-

VSR8 L0430 08 BETLIER) S By et agan

dtf thezprevialls freqdenéyp\er ré@meaﬁMﬁHCW cimeesading ¢he piston

| eads to an increase in the system, phase, which may
displaeement leading ﬂi@ﬁ)@ﬁ?ﬁ’mb'VéﬁcPR%ﬁﬁ%Hsfﬁﬁ%n%% reaugncy.

crease | ioh e DR AARERLGEL ARl nd RaPBRER EFQEREfrozen

the zero Vval ué ase S

868) lowesingothe ammbidrd tdmpemaee) lehds mdnemccwwlnt the system
have t he system operating again in resonance and, 25
phese. th@CIDHBQBé repder the 8t Pogitive [and. spawenyatsr W@thea de-

&858 ]n BRBIsFan Yapasliphth (hE raskeaaeres bk 2AYSAE

In this way, while the phase shlft |s posntlve, one should decrease
the cooler capacity, to have the system operating again in resonance and,
when the phase shift is negative, the capacity of the linear compressor
should be increased, to have the system operating again in resonance.

One of the objectives of the present invention is achieved by
means of a linear motor having a displacement range that is controlled by
means of the electric voltage controlled by the processing unit, so that the
resonant assembly can be dynamically kept in resonance throughout the
variations in load.

Further, one of the objectives of the present invention is achieved
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One of the objectives of the present invention is
achi eved by neans of a linear notor having a

waolc@phazesrent range that is controlled by nearsT/BR21065/600006

el ectric voltage controlled hy the processing unit, so
that the 30 resonant assenbly can be dynam cally kept

i n resonance throughout the variations in |oad.

Further, one of the objectives of the present

i nvention is.achi eved WO 2005/ 071265 _PCT/.BR2005/ 00000

B ByeRaAL B Jinear ISP EnBPRICBIE Bl ol Yo, the inear

Gé’rﬂk)iré!s%o?)ééﬂbﬁhinbfb? plsté\eafivert BYRhasi&6tfic #ROMBF,ithe Mistén having
pi ston driven by an electric nbtor, the piston having
a displptementnangeragatroied riy Becontioligdcelectrisl veliage, the con-

Falid BleBriroyqrBRE bavifio oV e e Gty Herief $ahp Actric mo-
fortsHd agpised B?té?%r@de@irg{/ QRRSHengarigd bf pidien Idisacéthent is

pi ston displacénent is ynam cal ly controlled as a )
dyrmarnically ebntrolied asi atfuaciiamehthevariablecdemang of the cooling

syste the linear co essor. having. a.resopnan .

et adrstresSaPhRng i 1odhetee rRSERE His prosgssing

@hiﬁbe@sdhg RhEF bf E@tdd"é?sptd%@n{érﬂ RAth&PHY MssE compressor

wi I'I' be dynamically kept in resonance throughout the

willr bediyoaidally dept indregonanoe througbeut e \@rigtiens imgemand of
bj eq%i.i ves of the present invention are al so achieved

%S?IC 'NASYB™ met hod of controlling a |inear

conpr essoThe tdifedtive8abf ENETPresentr inveation | arendlsa ackibeed by
driven by an electric notor, the piston having a dis-
pieansraf i methakoteentrellinga lingas coBpressaretheslingargampressor

G3bAgBo:$ ATRERLAT Y. AR, SoBFk bbut rhE AR hafod = ais

BiakEfieRt radigé donBofEd Y auBbitrolidde et dolkager i Bantrolled
the steps of nonitoring the range of piston

diestricacaiaget having agvaltage: fiequpnayaaprliedoto theeelprtiisamotor and

SO S HronRhRRLGR ¥ EIHESdibdlfe fie Bl W pnitoring
fhieerdnigBestrpisteATdissiaceémenb tirbagholtethki aperation op tres lidéar com-
sor wll be kept in resonance throughout the

pressar. | dynamigalie eeitsting thee dispiacemeny @ngecas Ffupetign of a
t he P .V i j chi :
WS el RETRETorhESa. 38 FRELRANGY hmpres
SOl SiEpt iMipé SdharapthraRshotit s vardtionsaa emandiof thedcool-
phase of the feed current and a dynam c phase of the
g g¥istardn of the |inear compressor, and neasuring and

establi shineh g TRESi&dives of the present invention are achieved by
means of a method of controlling a linear compressor, which comprises steps
of measuring a feed phase of the feed current and a dynamic phase of the
piston of the linear compressor, and measuring and establishing a measured
phase, and dynamically adjusting the displacement range as a function of a
variation in the demand of the linear compressor, so that the linear compres-
sor will be kept in resonance throughout the variations in the demand of the
cooling system.

The teachings of the present invention are further carried out by
means of a cooling system comprising a linear compressor, the cooling sys-

tem comprising an on/off thermostat actuating the linear compressor, the lin-



10

15

20

25

30

phase, and dynam cally adjusting the displacenent
range as a function of a variation in the demand of

wo beshinear conpressor, so that the |inear conpCEBR2®8M00006
will be kept in resonance tqboughout the variations in
the demand of the cooling system 30 The teachi ngs of
the present invention are further carried out by
nmeans of a cooling system conprising a |linear

Q0l i 0. - rLsi Loff .
A fEREor EDRORSA THISER oo BT GBEMR fbiSTfE ston
iy a7digplaceehBRaMGH OAMOIK biG eantrolimteleetiy voltage, the
conprising a piston driven by an electric nmptor, the )
gondelad hRRST 'ﬁdoﬁa_gﬁ’ mVHIQe?ré‘ﬁ%agﬁrfbﬁg‘{?@ﬁV rapplied tgythe electric
§ : [ . C 0 j
iR} ld RGSISEFBY o petes P, Ul Rne TeRERTY ARG fiEbldcement
bedirgs tiyhamicatly wondmotled disus feribtion of varalsiei demand tof thdeool-
.range of piston displacenent 5 being d¥nam' cally
i@ aY$tem during the pared inwhigh thethermagstat ke ca the lingar com-
RS, LR B ltha i 8 Feefaridh ehel e processing
nitredjustrgnihiearange déi pistog déspi:ﬁwnemtc soft?aq_herl'msear tbmpressor
processin ni.t adjusting the range of piston .
vill 561 diandnally dept IRgesoRTes tiauohahshe yagAtions in demand of
i pt in resonance throughout the
t@%?lag]t"i?%n@t?ﬁﬁdenand of 10 the cooling system Brief
Boief Degeription of tHehBrdwiags ngs The present invention w |
now be described jn greater detail with reference tao .
enbodi merfé RESPRLBNPREP Hill Rew he.drsrbedTngrentst detall with
- . o | a R
r&fifhos s Riments rSoReRAER intnd i los? Thie H3les shgw:
system efFigure 1 isreeachernatic pieassfoa linear admpressonol i ng
system of the present. i nvention; - Figure 3 is a block
a0 agr am of 19WE & g5 ar JPOYE A 1he iaptrel istE. < ips dedt com-
p?@@s d°&Fahi ! tdakd 4ise with a
convdé%i onalhé %?ﬁm%gﬁ?i bg%&%-ﬁr%&%ﬁl?g&%ﬁfdﬁa bl ock
di agr am efFiguke 3oist a dilocly siagrant of e goatrehsystem, the linear
invention:; - Fiqure 5 is a h]ock diagram of .the .
Camseradtans tie, Eanbng eV e, dlystragina; He e it § conventional
tRéphdgial e to the linear conpressor and the cooling
system of the present invention;
- Figure 4 is a block diagram of the control system of the present

invention;

- Figure 5 is a block diagram of the algorithm of automatic control
of the capacity applicable to the linear compressor and the cooling system of
the present invention;

- Figure 6 represents a curve of the load of the electric motor in
function of the phase;

- Figure 7 represents a curve of the capacity of the electric motor
in function of the phase for various loads;

- Figure 8 is a time diagram illustrating the wave forms of the vol-
tage network, counter-electromotive force (CEMF), current of the electric
motor, position of the piston and signal of the sensor in the situation in which

the linear compressor is operating at the resonance (¢pec = ¢p . ¢c = 0);
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25 - Figure 6 represents a curve of the | oad of the
electric notor in function of the phase; - Figure 7

wo e@sesr s a curve of the capacity of the el ee¢T/BR2005/000006

notor in function of the phgase for various |oads; -
Figure 8 is a tinme diagramillustrating the wave forns

of the vol- 30 tage network, counter-electronotive

force (CEMF), current of the electric notor, position

of the pis d:.s t

oF e, PLFA AR ehfak o IRRTShg el Wivg fops of the

v@tta?é etesrk) arwate(rmectmkﬁoﬁve forGg; (OWIEDQﬁx’rf&ﬁZﬁ&he electric
BR2005/ 000006 11 - Figure 9 is a time diagram

MOBRSOHE! hePistareanch FgRabe! hsesensor imte sibdakonkn which

e T e

t he sensorFigore he |§|et timiel diagramvithisthatinighthel waeérforms of the
conpressor i s operating above_the rg sonance

negwarkoyoltage, opuptarelagreraotive foree d B qqrqurgtqf éh? rﬁjeCt”C

A BISIRERe o SR KB 4988 it gjuaion inwich
tieé Hnéarn comprssor ispopserating befow the rrelsehanca(ttrdc s¢pgm@|< 0f

the sensor_jin the sityation in whjch the |ine

conpr essorf 'Qgreoéir'ﬁtq ﬁ'@wbgla'@\ﬁs‘“i‘h@g thes medhed f@ch@trglmg the

di agram of the method
||-]a§§r %%,9%) S|°.Fﬁg tﬁp'%%fbfs'ln?ﬁég@wconpressor of the
present i-iigurei tthrepre$enfsreecurZerafthe dead of thecelectricahotor in
thelo of the electric notqor in_ function of the

G, O PRARE. A AR 3R TagR OF 1A DRSS JRYANIOn ecem-

| GAh rred

pgényoego a%&%ng-afbcfggg?e 1§Férf§gr§§sent sd?@%hfjrve of the
capaci t y -dfigureel 2representsrveurd® afdheiaapigity of the efectritemo-

LR rRGen LT S Bheb 5T il bBabiren RS ebubtral e re-
S?P?‘WS“ESP%%?BZE ORI 1Y obfia (iRIGRE btdiment,
andnear conpressor, according to a second errbodl nment of
th .20 ti tail ed f the
Figur oo AdIGUR ok FAEROE: 2 oy GaBrarmal tae deetBodor etrok
Ilﬁ TRé 'Inﬁéé‘lgccﬂni)ﬁé%?b?rddc%f'd ih§ €6 & SEcotdt EmbB&iIntSHR T 186 present

ectronics his case, “an el ectronic
|nvennon

Detailed Description of the Figures

As can be seen, Figure 2 illustrates a system comprising a
cooler/refrigerator with the embarked electronics. In this case, an electronic
thermostat 25 is integrated into the cooling system 20 and supplies a refer-
ence signal for the processing unit 22. The processing unit 22, in turn, con-
trols the linear compressor 100, receiving a signal from the sensor SS corre-
sponding to the displacement of the piston 1.

Electronic Controls

Figure 3 illustrates a cooling system 20 applied to a simple-class
cooler. As can be seen, in this case, the cooling system 20 supplies only a
signal that turn the processing unit 22 on and off. In this way, the cooling sys-

tem 20 can dispense all the electronics foreseen in the coolers/cooling sys-
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thernostat 25 is integrated into the cooling system 20
and supplies a refer 25 ence signal for the processing

W@ R0S/02265 The processing unit 22, in turn, conpPCL/BRE®S/000006

the |inear conpressor 100, r(icei ving a signal fromthe
sensor SS corre- sponding td%t he di spl acenent of the
piston 1. Electronic Controls Figure 3 illustrates a
cooling system 20 applied to a sinple- cI ass 30
cool can be.seen GFSE in .
1§58, Bt S5l PRCRERRY, elgtbigh. MStover vfif dhis Construction
tﬁé gﬁééééd‘ﬁ!g %ﬂit@?@aﬁrbeaﬂ‘t’eg?(éfed {dqtﬁé“h ombfé%sor 100 (see
sys- tem 20 can dispense al e el ectronics
mmcemmo rwhich roay bersy/pptied |fngvawmdefﬁmﬁg@e&r/coolmg

PCI/ B 5/00Q006 12 t t hat

YIS Al daneGeS. resitng (A af conupRenr O Trgh, fexivilty
WHE 88/ipated! With plécesABf BGuibMeP® oRtiRs pFidr éheAlpsre%mty sensor
conpressor 100 (see indication 31), whi

Hupssaciated 3o thelpresessingourit 82 vefl rprg‘edattbe ,posmlonmj the piston
manuf acturers, resu n,an _eq

kB e falier ety H58 1S b fFoPskivy elrSls BrdirBEENgs, minor

VRRigtion® T thef pistef SWdkercotfdspofidRe ‘?;’ﬁééi' Ja)ﬁa‘ﬁ@ﬁ§ ™ theg@apamty of

associated to the processing unit wi Il provide the

thedineaonompressorpss that, by wayeaf ekwnplﬁ tfer a coaximum stroke of
erespectlve st.,roke end. |n | ce m no
4,81 (BRERTIh, bttt e EPi B ke Bs"8baut 6.5 mm
(&éfbé@lty' <96§e td zERS), BRIIS 1 4BOURTR2 mihef ktrBRENaFatidh for the
by way of exarrpl e, for a maxi mum stroke 10

@pacﬁyﬁqmufrﬂnmzeapmwaxlnwnm ni mum st roke woul d be

oo of - £id0ect TGS A Gl ot fhf Bidkessindiin 2p. A§%n be

seahytHe pridcessifg unittdrecompsiisesra ricesdontroliet h@'&l’vh@h%n&ols a
detail - of the processing unit 22. As can be seen, the

TRIb:44ithepughi @ gate danpghegaicrecantealies 96t ieseives the signals of

ARG 818 1 oo e g2 ol Sl aqrd dfonal of

thé cufrept ZC hhtengkivef theVARIACI4 RIR dishblacsme®t lef@@ntdignal
zZero Ssi gnal of the current ZC at the exit of the

RErf sy be sapglied bydbgeinclereffcd eneler svitnambarked glegtrpaics is
#le'l"h%dm@t’n Egﬁaﬁz@] dﬁ{ezrﬁtlefseﬂt ?ﬁ%ln?lon\’\f'eﬁ‘ ef[gﬁe kgggla%ement

ectronics e mal n signal

P oWwhichf iersbtaimedhfeorsli thiel sigrarss &lthel QmimWsensor 30
ich is obtained fromthe signal SS of the proximt

aneribat should hedtrealed, GduManse. aberig, tortbe teaghings ef Brazi-
[ t.

S BRI LRI, e Beaslin Wi 3R ncorporatea

hengiarporeféremice. Optionally, one may use the value of the feed current ia

at a moment different from ZC; for this purpose, one should make the neces-

sary adjustments in order to have the correct measurements.

Control Algorithm

Figure 5 illustrates the algorithm according to a first embodiment
of the present invention for obtaining the controlled voitage Vy that should be
applied to the linear motor 10, so that one can keep the linear compressor
100 in resonance. As can be seen, in order to calculate the value of the con-~
trolled voltage Vy, it is necessary to calculate a measured phase ¢pc, which

is obtained from the difference between the dynamic phase ¢p and the cur-
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herein by reference. Optionally, one may use the val ue
of the feed current iA at a nonent different from ZC

wo ensphizes pur pose, one shoul d make the neces- BGI/BR20PS/000006

adjustnents in order to have t he correct neasurenents.
Control AlgorithmFigure 5 i 13 ustrates the al gorithm

according to a first enbodi nent of the present

i nventi on for obtai ning the controlled voltage VMt hat

gy plledtothellnear notor 10, so that one
r@g ﬁ?e‘hnear conpressor 30 100 in resonance. As
can be seen, in order to cal cuI ate the value of the
con- trolled vol tage WM |t eg’essary to calculate
a measured phase CPC, whi c tained fromthe

di fference between the dynam c_ phase 4p and the cur WO
2005/ 071265 PCT/ BR2005/ 000006 13 rent feed phase ~c:

OPC = OP TheYc8lchlatiof @ﬁtr@b@tremn%@ésé BE féed phakefakemade
or feed phase 4c is nade fromthe zero of the current

frandhe zere of the cv_lereat %6l anrgyfropethe za1o vpltageazerothb whereas

B EeAelRE ' ol Pito Rl Ko BB BBl phmg e s

rﬁagéa+onﬁ>%@rmist6ﬁm;ﬂ@@emeﬁmugﬁalt bP afd fronftiee Zdro éPthe volt-
Further with respect to the obtention of the feed

30fée. 4c, the feed current i A may not have a passage

g)r/ezge? i nryilj(]-h}ﬁn‘&@l'J g%ﬂ@%gpathe?éﬁt?htw# itbg %ggfﬁ%ﬁs& ¢c, the

f@ed retitent ZOmalmst Have @@aebs% b?daeré Qnmchsmm_aanak@ it possi-
b' %res 8, 9 and 10, where feed current i A
e

iGepture 2 ererdefined reement forrstaljishing: thehzeracekthe current

e o) e t

2eT BRCHAS, b of BRI for MEIACE: PGS B FBhg 0. Wifere the
feed Turfentin téiﬁama|alezfer@ffort Secitnirapedodhimsthigtpasedorid €hould
f eed phase one can obtain the value of the

be ;ﬂﬁﬁéf@flaﬂé raprenbasaithe aneraass eeiahetpermaangness of the

on di spl acenment DPREF (di spl acenent
f%eﬁat onép‘%g gf?)%cts to achi eve a defined physi cal

posi ti on)Froihthe valles ofthe denarhicaphnesd ¢Fbandmw£ee!f phhls?e dc,
algorithmof Figure 11. Once the referen@i val ue

REEFAADIRIR thenvalle O Hhe maasuresbrERsS drc B AR H"%eaj‘erence
vdiué HFSHET MakfRim! BistitP idhiicdrh@® DPRLDdiBIHEHRBR! that one

expects to achieve a defined physical position). This value may be obtained

by means of the algorithm of Figure 11. '
Once the reference value of maximum piston displacement

DPgrer has been obtained, it is sufficient to subtract from it the maximum pis-

ton displacement DPyax by the equation:

Epp = DFpge ~ DBy

to obtain the error value Epp between reference maximum piston
displacement DPgrgr and the maximum of piston displacement DPyax.

From this result it is possible to obtain the value of a control volt-
age Vp, since its value is a function of the error Epp. This relationship may be

observed in the flow diagram in figure 11. Therein one may change increas-
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ton di spl acenent DPMAX by the equation: 25 EDP = DPREF
- DPM,x to obtain the error val ue EDP bet ween

wo edospenee maxi mum pi ston di spl acenent DPREF e@mBRE®S/000006

maxi mum of pi ston di spl aceng t DPMAX. 30 Fromthis
result it is possible to obtdin the value of a control
volt- age Vp, since its value is a function of the
error EDP. This relationship nay be observed in the

0 pC TR Th orb 9 SBE=D Resn b g SB8BES 45T eRgRo capacity
@Wé@&ﬁe}és%@%&@% éta/ﬁw?laﬁe, map dIstMsE R Ustance, a tradi-

h
ecreasing capacity w th ‘decreasing DPR_E'F. )
tinak meshod sugh asreePiR plgdrithmuteaiter &)Prerstraiésecase, the calcu-

tradi- tjonal hod, such as a Pl | gorithmto alter
eiiEould B fradicha ng ol Ralbtefon woul d be made
fromthe foll owi ng equation: 5 DP,EF = KP x'VPC + KD X
( COPC aT ) + Ki x f OPC x aT wherein Kp is a
proportional constant, KD is a derived constant and Ki

is an 10 integral constant, (@g,khown ferom the classic
nonencl at ur ePPr cohe ¥ kc.+Ku|"\£ﬁ§_;‘ 'hg’qi‘n{?f’aﬁ ectly '
i ncrease or decrease the value of” the control voltage
Vp, since this value if a function of Cpc. In this

case, in the flow chart of Figure 11, one may change.
wheretraKp ig) acpioaertiopahiconstant rida 4 Bgdenived eenstaaland Ki is an

S e FanvR e debdo FEEMERTMOR Moot ™
net hod syt dHPOndyoarédtiynincreatel 6F deliedseoihedvalae vf the
u&& the foll oamg_?%ﬁequatl on: VP =KPxOPC+KDx(aat C + Ki

controP@aitage Vp)si & valwest afurctioneofidre. Hulhis aase, in the flow

TBRC o BB 0B B8 B JRlriRslo LORRABNN B insregoi Ve,
e Fragechdigeydécreasingtdapacith avithy iegreasmaoVs, su thididn this op-

TRIAC” According to the, _gragh of Figures 6 and 7
tionceramy alno use sopre traditippabmethasd sucheas RIP @lgerithm to alter

BB Bt M B eI "oy ot om phase. 11
this increase in the load is |arge (see dashed |ine

wi th indication of "maxi num @pd' in Fjgure 7) the .
Vp=Kpx@p. +Kpx 7’” +KixJJ¢ch5t

The constants are the same as described before.

From the value of the control voltage Ve it is possible to adjust
the controlled voltage Vi by calculating the trigger angle of the TRIAC.

According to the graph of Figures 6 and 7, increases in the sys-
tem load (increase in room temperature, increase in the thermal load in the
system) lead to a decrease in the system phase. If this increase in the load is
large (see dashed line with indication of “maximum load” in Figure 7) the
phase will go on to negative values; this can be compensated by an increase
in the capacity of the system (increase in the piston stroke 1), which will in-
crease the phase, so that successive increments in the capacity lead the
phase to the zero value, that is to say, the system will be operating in reso-

nance. In an equivalent way, a decrease in the load (see dashed line with
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phase will go on to negative values; this can be
conpensated by an increase in the capacity of the

WG Y®EemM263 Nncrease in the piston stroke 1), whieda/BR2A05/000006

i n- crease the phase, so thg? successive increments in
the capacity |l ead the 30 phase to the zero val ue, that
is to say, the systemw || be operating in reso-

nance. In an equivalent way, a decrease in the |oad

bEERATRE D Riorn EIePS2Ae Rhges L 86510 sty el

aMd thigoaligtiqiosan beecomperfsated BY&nt iRbfeas? ihaiHade, s8h&Esuc-
conpensated by an increase in phase, so that suc-
qessyeviacranaerisdead theawlue of the Rhase tohzerphikat isdo say, the

. i systemw || be operating in
s‘:yggegngﬁlggg Oé)%ﬁétﬂ?gsaﬁy@éﬁ%?%nner of making the '
i ncr ease faridsethdaRaMPsOfiMakiRh A€ indre 868 6AHNRE dekhase in
readi ng of the feed phase ~c and the dynam c phase 4

rhaseyis epprermed, ﬂaﬁeagiytg of Wederd p@@se@ﬁmeﬂne cf!smamic pl%ase
SRS Bl & ERTRYER IR (Piesckl, SpeBRRBHe R Thpasured

phiase! gzeisediffererdrérezareathd @offroll Hpsten sRbEIdPAGESte?BR the
may be made 10 according to the teachings of Brazilian

pistoastispiacement and thegeadiog ®f thedynamicsphagsémomay & made

BB W G WP R bR S BIRERLS, which
i§ ydoeporiated ReRIM B réferémse.i ncrenent / decr enent caused
by the control system Thus, if the value of the

i ncr ementl/NGeemliisisle eisthe decrements shagldr takedpta congideriation

. L . >
the FEactol oftie'sTBte i respBps o B iePértoP3erelit gausea by
thé dontrok aystem. tThus, dethenviiud pfthé hiscremientleardries istRigh, a
conpressor time and of the cooling system By wa

lengafstabilizafien g Wi berrsauisagii inithe cantiapueass:, ﬁheuéta%ﬁlization
Sl S8 AR TS el Babffon SR BPendE B hGfpon-

stanits @fighé gomipressor pinss ahdl of tite vsslingasysadime By wa)(1 of example,
i ncrenment/ decrenent values. In this case, if the

aneFaY QPtfanawaitig a predetgeminsdktimgy farsigstanicgeabout 10 to 60
s'eE{éﬁ&éEPc?trﬁgﬁiﬁﬁrtﬁg%%fém 6Hﬁsé’ GRS Fattdl rRnYahy %9ﬁ§tahhe

val ue'of the nmeas- "ured phase ~pCc cones close 1o zero.

In this Eptimnatineitnisy popsibleotto aiseevariablenireramentdedreinent
O/TOf imt:rerrent/gecrerrent. 25 Figure 8 shows a tine

valugsr inihie caser dihe gneasiirad \Rhass drs isfarggePnageayuserarger
iﬁ(}?&%ﬁ/&@&eﬂﬁeﬁt?ﬁaﬁ@ WalcRadd! ffid VAR 5y hé Vafife 6P Meas-
ured phase ¢pc comes close to zero. In this case, one may opt for a refer-
ence value of 1% of increment/decrement.

Figure 8 shows a time diagram illustrating the wave forms of
voltage of the network Vac of the counter-electromotive force (CEMF), of the
current i of the linear motor 10, of the piston position DP and of the signal of
the proximity sensor (not shown) in the situation where the linear compressor
100 is operating in resonance, that is to say, when ¢, = ¢ - ¢ = 0.

As can be seen, in the situation of resonance, the piston dis-
placement is maximum when the feed current in of the linear motor 10

passes by zero, a moment when the proximity sensor shows a measurable
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current i A of the Iinear notor 10, of the piston
position DP and of the signal of the proximty sensor

W@ pos/0%heswn) in the situation where the |inearPCT/BR2005/000006
conpressor 100 is operat| nq6| n resonance, that is to
say, when lac = ~p - Cc 0. 730 As can be seen, in the
situation of resonance, the pi ston dis- placenent is
maxi mum when the feed current i A of the |inear notor

UnnIfees FRuGiohi e R aBeBrir BRSSO hgaHrtes i
obRinfiransinditite sintdl athi® a8 )the lfBed usre@id phbses by zero at
I'i near conpressor 100 operates in optinmm condition,

tbe moement whies the pistemd is sbangiigr direction ipdisseathpipat is to say,

e W DO

éﬁfﬁbm & FOlcAcETBIE, . siée WHemetH e pistdre 1nigest rfnm-d‘rzsmacement
application of force onto it, since when the piston 1

(pee mdmtwruB%)oﬂhacf@ﬁé surrept eanchte GEMIn app maxieume dppelling

urr inpelling the
ﬁ ﬁﬁﬁgﬁ@%ﬁ%%ﬁ p%gém%j possible. In Figure

9 one cannq*qg@revg dritatah ftﬂ)delrwrematcm@prmmrﬂmssar 100 is
operati ng above the resonance, that is to say

apevating abave dheyesanenceethat s iy say. the CEMF | t?e'@ eray &ith re-
quc?f&fh%efegh%%Wénfrﬂ(ﬁrthégng Qn{qi]érs %alﬁths %ﬁfﬂtéhaédl?aﬂlon is

I 'ncreme

icapragi t y. of 0.t ard Ianeeshomcd)nmcrprrm dhe 0aPabify oditké mgeaheom-
control | ed voltage VM It can be noted that, in t
rspsseit 1@ by vasing the gandialiad valtaggVmrlk iC?rD e noted that in this

C . Qf f.
iﬂu?ﬁéﬁ’t \%ﬂgﬂ tﬂg I%tbﬁepgépg Fga Onfﬁ[%tplll near rmft'gsreg.aLm’ a mo-
rh&ft Whehagsl fand cemént iA sHoutite dpslicdl © the nmearmoml 16 the
at this mpnment. According _to  the sane situation of

fgﬁ@sc@r@m fix alrgady has r?omsﬁtﬂc@ﬁé yalugeabthis sroments Ageordiag to
tﬁ%ds.%ln‘?e Qftudd biich Pbﬁaéesgﬁug' ?F‘ F@é@kou?ﬂheﬁ‘ tﬁ?'ﬁ%&&n whgnat the

cur-"reh to the

rhidalée bf it@baih (tee mdieaﬂcm?QO): wmententAvasthel maxlerady feed cur-
undergone a decrease in its |level, ao thetoﬁddn t he
rent irafheid henapelieds to the, lipgar mater ¢ ety CU"e”t 'A has al-

rﬁaEB{/ %%Béggs)r% 4 Seureeshf %Clbeglc\éowﬂaf ??leth%w'gaéltdé%oﬂ there is

r conpressor as’'a i gure
wasteof emargy\and; ttedrefdre, hiredaced efficiercydn the oppration of the
ating bel owth reson n e; in this case the CEMF is
lingRRReRPreFsas 1 Of% the feed current iA of the

| i neaB. ”ﬁh %%Jrg 103‘8ﬁetcgﬁ 65#5??\9 gﬂalt ithe liREAr ggr(ﬁgress%r i€8per-

4c < I'S case, one shou ncr ement
atimgaloglow the relsenancezdn thisngasesthe CEMF is advanced with respect

to the feed current ia of the linear motor 10, and the equation is then ¢, = ¢ -

¢ < 0. In this case, one should increment the capacity of the linear compres-

sor 100, to have the system operating in resonance.

As can be seen, in this situation there is a delay in the phases,
which causes the linear compressor to operate with low efficacy, since at the
moment when the piston displacement is maximum, a situation on which no
feed current ia should be applied to the linear motor 10, one can observe that
the feed current i is not null. Moreover, at the moment when the piston 1 is

at the middle of the displacement (see indication 101), a moment when a
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sor 100, to have the system operating in resonance. As
can be seen, in this situation there is a delay in the

wWEb@ses1265s Wwhi ch causes the |inear conpressor tPCDPR2E@EB00006

with | ow efficacy, since at e nonent when the

pi ston di spl acenent is maxi num a situation on which
no 30 feed current i A should be applied to the |inear
notor 10, one can observe that the feed current iAis

axpln g L0 S0 e Sheb g BB KBS iy Ragbbio: eeed
LRt 215 ROTREXiHGH) 5 L 2RSS 6248650, REZIBEDSSHBRGF 100

17 maxi num of feed current i A should be applied to the
hasmé%effmﬁn@v f&Q)UCQChe feed current i Ais not maxi num

ot , the linear conpressor 100
5% Cg h ool Application in Linear

Conpr eSSCEtSué'tuﬁll?umburr@ahtonidﬁ@sédrm@@rar@ﬂw Satérn of@dntrol-
and the systemof control- ling a |inear conpressor

lingca hagar ctqmpm@sobwfhgam thexafallewing charactamistics:near

(ot neatef B GRRaf ) Phgbrded bty s Riven o

thaniear habton 10, \bmchcmmg{sabb@dt hhdieplabeieat ¢a éQhétevlnll be
vol tage VM thi's controlled voltage VM havi ng

qmntnoélgd thiosghdhe gontsolledheoliagey¥mothipeentoied voltage Vu having

£1ofhqe JERRenld LT A8bb ot AR Pl BBl BRicany
domtligd ddra funeties frthewnriable dentrareh oft dhel Hodlihg esystem 20,
range of piston displace- nent, so that the |inear

bmm%g@oprmésm ll'n'b82d%"éﬁh adjusis theprange ek pistom sirplace-
DORCAR S RRL GhigRshl 103 LS ' FBRER kBB i, reso-

rramgethmdghdme tmljvaﬁamhst v deglndtoftthe coolingggstem 20 that is
resulting fromthe variations in | oad depnanded by the

teosay.ngosiat itemisrjacempet iraRge (Wl benadiusteshyheayghout the

| c{h%n@?grr@&@ltlh fFo‘?ﬁ%é‘%?gB?R@mrEﬁc%{og%m%dga (}; H'{el b&glng sys-

I hear C npr essor ninis
telno20 dnhxelhr@aplel linelal eotripréseorito paratednpesesarices T héSsystem

to mak th nam c adj ust of 20 the displacenent
of g8 ‘ﬁ&dﬁ’%é’qmm@ﬁorﬂgﬂéﬂ w86 talpe inisaigfiqn should be

efcogﬁiﬁablgatﬂcfﬁe Ilﬁ\lel é&@#é%oi' B0 G rﬂgk@t’ﬁé 8YRariadjustment of
I'ng system I nclu
theddisplacerient earger too havarthau lmeam retimpressog opg ety ﬂmdeso-

anal ogous systens, as already coment ed,
nanc

Application in Cooling Systems

The cooling system 20, which may include a cooler/refrigerator or
an air-conditioning system and analogous systems, as already commented,
should comprise an on/off thermostat actuated by the linear compressor 100,
to have the range of piston displacement dynamically controlled as a function
of the variable demand of the cooling system 20 during the period when the
thermostat turns on the linear compressor. The prbcessing unit 22 should
dynamically adjust the range of piston displacement, so to keep the linear
compressor in resonance throughout the variations of demand of the cooling
system 20.

In order to control the linear compressor 100, the control system
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25 shoul d conprise an on/off thernostat actuated by
the linear conpressor 100, to have the range of piston

waolc@phaesrent dynami cally controll ed as a funce@DBR2m0E/000006

t he variabl e demand of the cogoling system 20 during
the period when the t hermodBat turns on the |inear
conpressor. The processing unit 22 should dynamcally
adj ust the range of piston displacenent, so to keep

the |inear, 30 conpressor in resonance throughout. the .
andt th8 (GGG T YRR A0 AT e PRSI A VERYAI Qe J0rovidgd with 2

BeRER P ey ARIG S Tperb Sainet SR HRD bt Miplpane flgw chart

iRitratée i Bigur@ed 1syst em 20 of the present invention are
provided with a nmethod of controlling Ih[e Iinea%r.
conpr essdrheLeentrelaver dhe sagae QL pisteq, l-Aispiacement is made by

P71 3, B e, THRIERRORY 109388 ur
TONhopdeetd wdjustte Vel ohthehcordralididusdltagebyYmt bre may opt for

BhSSeasa e ihbos sl el 54 L hen

. )i : LI in patent docunent PI
'égﬁybgéggﬂmﬁpﬁ}, '%é%ﬁﬁ%orporat ed herein by reference.
Apilicatieh iimbinear motess notors 10 Bearing in mind that,
with a caontrol usaple op |ljnear coppressors,. in

general , RARINGIA mmgethagalﬁ}ameﬁpgﬁﬁgﬁﬁ&g‘ |B".fea(rt9é>mpressors
nr I i
BigRaiersl, ORE Y ARKEUSR of 1hBPRcHTRLS of 1 PREeInydhition on a
lineat nsdtow1) dpliedhie ctheetypesafiutiizafion.ha thiscase, larusetator

h 0, th ' , the.
(et showd) e erzamadibrtarcnr e PRISE TSP I8 the FoRtpressor
{m:tﬂﬁt % 'sgg,dtl'ﬂéqgcfu%"tdF fiitefvesChRniite Yenerited athie stator

ave a reso- nance frequency. In an anal ogous way
461, frovirg dne aad ahd faroning @l resvsant assdrmblydhat will have a reso-
conpressor 100, the actuator has a di spl acenent range
nange @qyensy- con- trolled by neans of the control | ed

vol tage (M dd g Id@%ulelrm%ifa%éé%htfo?&he%n%@l obet thdBnear
y W

resonant assenpl be dynami cal ly kept 'in )
caespresaoe 100 dhoeg rastuator hasvardisplacerment rangel.thahwill be con-

ey preaiseorife bTBlied Shtbod S B et aas Uit 22. so
thaethePhRadRant a8derhb§ Vit dé @yHamically kept in resonance throughout

the variations of load.

. The control over the linear motor 10 may also be made by means
of the processing unit 22, which measures the feed phase ¢ of the feed cur-
rent iy and of the dynamic phase ¢p, in this case of the actuator rather than of
the piston, and adjusts the controlled voltage Vu, so that the value of the
measured phase ¢pc Will be null.

Also, one may control the linear motor 10 by using a variable fre-
quency inverter, which should be dynamically adjusted to the voltage fre-
quency fym of the controlled voltage Vv to a value equal to the value of the
resonance frequency of the resonant assembly, as the load variations occur.
Control Method by Phase Adjustment

In order to carry out the control method, the processing unit 22
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- after the

rent i A and of the dynam c phase 4p, in this case of
the actuator rather than of 25 the piston, and adjusts

wo besoonss ol | ed voltage VM so that the val ue pET/BR2005/000006

nmeasured phase O pc w | be1§ul |. Also, one may
control the linear notor y using a variable fre-
guency inverter, which should be dynam cally adjusted
to the voltage fre- quency fvMof the controlled

guldtding he BOMRUE " Hhflack el ool Enbing Oy of the

lineasd camplr@ésapm@oogw ﬁynarﬁﬂﬁllyﬁdgdﬁé ftips! diﬁpla‘&@ﬁ&wt range as a
Adj ustnent In order to carry out the control netho

funetigsy et asvariagonrintdemangof dbs liogapeempressor 100, so that the

e, ORGP R it RBBY B alfod, RTEFoBhufth Vilighons in

depnaiceebihe codlingrysymao! cal |y adj usts the
di spl acenent range as a .function of a variation in

demand ofin ©nden {ohsapelchrpiness comwessen 100 de apasate in reso-

oSS R3S fnd B hhse e EPBIAA A BSRDAD o hpamic

phisst e &QhelpistOthbf the lingg! consrebsOEf00 @pdNhesaswes 1A dif-
to operate in reso- nance, one neasures the feed phase

ferenge betweer the measuredphases iscesighlish he rpeaswedphase dec.

t he pi st f | jen 0 sures
the di - et cfie. SR (f ofRe BRSSP ChnebRaedl HiERe° e Sone
shouRbincedmehetheamigecds pistse14dipslacdeAt Wenttlh% wdlg® of the
of establlshlng t he neasured phase 4pc, one should

MeRSURE PhasAdre ihBesitive or & AP Of desfrariagniin rangenot :ws,ton 1

S r p
At Won B8° 44 SRETERE I BALS WEE SIp P
dnleeshwllwalwéystuhereaisemreréﬁMeétﬁsplaeemelabf the, pistodl 1 to a
one shoul d alma S increase or decrease the

valugynecassant Oéft ¢ Mmeasuie@Rphase draato BNVl e necessary
for the P asferRel QtelB Piddrealih p{)ﬁfo%rc?élfs% the
ep O g 8 € rangeg

I'hcr easi ng ecreasin
rarﬁgepospmnori1cﬂnsmbaemleantoneosimmdjwdlﬂumiat stabilizatian time has

st abi |qéatl on tinme has assegqbefore nmeasur i n%‘?aga

P@ﬁﬁe% YecAEasyEng.Again fle rdiderepaa hetween hg tegd phase ¢c
qﬁgl nEHﬁ'@ hQQe O Control Method by Adjustnent of
hase reque According to a second preferred

Coribendl Method bl Adlestmem«uﬁPHalse Rrequiémey, anot her way of
i he f
contro Ac%o r?g ?8 rg)ggggno pré)ferre errgl)octilmeentroefc{Hgn;%sent in-

vention, another way of controlling the compressor to control the frequency

applied to the motor to keep it will always operating in resonance.

In this case, the control is made through the variable frequency,
by using a variable frequency inverter (not shown). In this way, when the load
applied to the linear compressor 100 is changed, there will also be a change
on the dynamic phase ¢p of the system, which will be detected by the control
system of the present invention, in order to alter the frequency for the com-
pressor to operate in resonance. This control is dynamically made by adjust-
ing the voltage frequency fyp, through the variable frequency inverter, to a
value equal to the resonance frequency of the linear compressor 100, as the
variations in demand of the cooling system 20 occur.
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applied to the notor to keep it will always operating
in resonance. In this case, the control is made

wo booswoghes he vari abl e frequency, 25 by using BCT/BR2005/000006
vari abl e frequency inverter énot shown). In this way,
when the load applied to tﬁ | i near conpressor 100 is
changed, there will also be a change on the dynamc
phase 4p of the system which will be detected by the

o rer e nd REPUETR L 1k e Rl o ARl By Jiclfe B ex
angsienvaryng thei fredteiicly ®o astoliniiifiZatte/fedacsurianht dfelsd vary-

30|n%the vol tage frequency fvp, through the variable

ing tpuseayenaynas @%to zere the nmsaé)eéwaan cugenhand the M.

var ot o ot BE A B TR B o s,

tVfrég0enby dRfife IR(ESHr BIZANSE SOOPOD inctfaddis andydnéEhould incre-

maki ng this kind of adjustnent maé i ncl ude, for ex-
mgftitee rospsativg capactty, éqdave;ﬁhgéyg e @perating indesaaance and

e [
VigERfersHL Wish fle, Bplcadctblses, et 1tq ETLEREYSBE SnbEg in-
chege the ;ﬁsmfﬁétrdﬁe/@ﬁﬁadi@/comaésbbmO@@ddl whenaRe frequency
the frequency of the linear conpressor 100 increases

decteanes, e woatrrhsystemmsheuldndesreape dhevairakadeanacity. Iy the
sg?nvem;ageass%sﬁrﬁrgfﬁfqurgg egﬁbé&ﬁ%ﬂ?%? ﬂh@ppesent 6nvent|on it is

Vi ce-vérsa oad “decreases

poBsibiy §d eperdtelthd dodling rsyatem thyenanisosf & simple “On/Off"-type
stroke/ capacity/ conpressor 100 and, when the frequency

thrseresiale sainiainiog the sAMS sPRFARS RS AduEIEtNE £ dhe iston ?(ca-
the first
PRELY SFIaRafbistsol PobIGy yaRinPitR ey D, (he 1110

pOSSI bI e il d:huepega:tde drieeca obsegesthat ¢he ihasiveeorscept between
-type thernostat, maintaining the sane

the ﬁé%mfefﬁff%ﬁﬁ@@ﬁﬁﬂ?mo@f thecprgsenb iventien angsihe; seqnd em-
SHEATBSER, AR ) 8 o bOSLE T ERBH. o o g
tHe lddtbappliezt tomhefcmmptéssnbmthnespectftotthe resesamde frequency,

i nvention _a&% t he secong FEZ is simlar,

and, wihdhls intgrmatian, Jird %é"sttﬂ'é SHP gsEorppresser Eﬁ%‘gj@ | n

the | Oadv%frP'tHeegoﬁt?oltrH@t ”Wtﬁ?@{r]\b%ﬁﬁ ﬁteﬁﬂéféant ProcBEd in

resonance frequency, an I'S |n of mati on,
agtbrtancbewith therflost dtﬁgia(mshwasmomgueqaaél and foHNthg these

the control nmethod in this enbodi nent, one can proceed
St§PS:20 accordance with the fl ow di agram shown in

Figure 14,andihg'thewed rehGeRcy 8f #iRSiinear motor 10, which is the
voltage frequency fyp, and then making the compensation of this measure-
ment with the value of a reference frequency FR, which is usually of 50 or 60
Hz.

In this compensation step, if the voltage frequency fye is higher
than the reference frequency FR, one should increment the capacity of the
linear compressor 100. If the voltage frequency fyr is lower than the refer-
ence frequency FR, one should decrease the capacity of the linear compres-
sor 100.

To have these methods of the first and second embodiment op-

erating in the best possible condition for the system, the linear compressor
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measuring the feed frequency of the |linear notor 10,
which is the voltage frequency fvp, and then maki ng

wo b@soonzpensat i on of this nmeasure- nent wth tPer/BRRIE000006
of a reference frequency FR, ,which is usually of 50 or
60 25 Hz. In this conpensaglon step, if the voltage
frequency fvp is higher than the reference frequency
FR, one should increnent the capaC|ty of the Ilinear

ERERAS 16 B edeondd 16 Ypetlea 35 hhsmti B e Shie PG egtabr

n%@@ aﬁa%%\lv)ba?bcit €in!thiReINdRRIMD tr@syﬁenﬁs}fom@@peme 80% of
ave these nethods of the first and second enbodi nent

thp timen) alni thig way tweem egreptes sappeiticisrsacessary; dre algerithm will

SR STRINGR S e de e ob s gned 1o

oper at e iAmotiRSTOALNtG AVIIBR thé BfRydritismaiRoutd Rad®iis tHe fiition of
and at | ow capacity (in this conditiaon, the system

nadannuan (rpéldétf@egm dn a frerzeri when thig fwﬁtpr\m@ctlmemedmear

Phitesto 03 WUl b i 2 e SR8 HybAAEH Sigems with
véﬂﬁbiéeéapﬁié:ﬁtkll the MEattonisreab@Oshdurnfgitidhdattheemasginiuie ca-

function maxi mum (rapid) freezing. In a freezer,
palGHY: mrasileam@f thenlopg ordnteveal temperatieairin ardapioseederm this

A5 e R P N 5 68 G

aSideretict Yfittinstanag, 2 m@ur@xmwmg@athmaﬂu gy, torthganakiemsm ca-
of the | oad or internal tenperature. In order to

peeity dndepandently qfuhh\@t plase caadiicasand will raly ﬁﬁ%@ﬁ? dormailly

th

Ao PR InG pURerh bydir r WokshP RS raBbasBeg i 1
Toe ddvantegerpaf thiepro sétﬂ@d)l'u on ae@aemmmy of the
“phase condition an |1 only operate nornally again

when l&wm%pemt@ﬁﬂpésﬂ@rllﬂﬂ@éﬁomweﬁspma@@plﬁawtems equi-
T
ot S i HORHARRL AhrhdRaP LI R bt ¥ e

conpnegiable ddapagitypl e systens, equi- pped with
conventional thernopstat and tq use the ad 22*“ ages of

the higALees Eo%tﬁpﬁ)c{éhQ gooling/refrgerabar tY§4a8 4% t he
cogl iinghuht z(ebgtﬁ tléﬁ’ ﬁé IR linelt ceﬁqgg’s%lﬁsgﬁé“ﬁnear com-

functl oni ng I near conpressor near com
20 prppéssor awvapeywovky asthetmakinumeffiaienayf)f i ci ency) ;

¢ the performance of the linear compressor is improved,

¢ there is a correction in the pumping capacity of the linear Compressor,
adapted to the need of the cooling system 20.
Examples of preferred embodiments having been described, one
should understand that the scope of the present invention embraces other
possible variations, being limited only by the contents of the accompanying

claims, which include the possible equivalents.
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the performance of the linear conpressor is inproved;
there is a correction in the punping capacity of the

wo povsarizéonpr essor, adapted to the need of theCT/BRRI0RG00006
system 20. Exanpl es of prefgﬁred enbodi ment s havi ng
been described, one 25 shoGfd understand that the
scope of the present invention enbraces other
possi bl e variations, being limted only by the

contents of the accorrpanyhg\%I | ai ms, which include
t he possi bl e equival ents. 'ﬂ 05/ 071265

PCT/ BR20G5/20 9856 }@ Mapriding/s btale@(4 1M tpid A Qktuator,

conprising a stator (411) and an actuator, the stator

thiel statob &4 g teirg f3d By ecsantilied voltspe dYe), (thejcontreded voltage

T P

(zzy’he l'inear notor (10) noving a load fromthe
actuator displace- nent, the linear notor (10) fornin
a r esonantthadiseabmpted ¢19) meving adloadfeomtee @eaator displace-

oy oy 2t ote 3 BRARE s ST dsoemmly Syt B lad. the
réSbria g sembhPRAViAg laedsbianeafieqeéndyie control | ed
vol tage (VM through the proc- essing unit (22), to

dynam cal-Ithe kisear eetorr (@9 heing eharasieriged ér Hiatrcdisplacement

rhR68 Kol ks 8o cBRfo e yBrab g ) Fn inbroc
28iNg @hite2)0tb agyhanyibhilyp keepaties resdead asgerably fdsbhance

that” circulates in the 15 Iinear notor (10), a
thiosgbeut the load vaigtionsreasuri ng a feed phase (~c) of

the feed A ' . i . .

the actud & MEHmBlE18T Bty REEImF L B BractBlizgl in that
thié cbatrons® vorige e\ )t denerbiesda ides eulréad (idnttiat bieculates in the

dynam ¢ phase (gyp) and establishing a measured 20
lipraseatapdP). t he processing unit (22) adjusting the

troll ed . |
cont 1 SptaLAH5 (N ingand B8 M (1 e oo
caerent (hyand thectipnamit, pheiser(gef efithe exdtuatot,hat  t he :

controlled voltage (VM. js. adjusted by neans of a
vari abl e 1o d¥eesssing KAk t2e) ,me@wnw{q ergoeR hetweey the

f%%én ;bﬁ%:sﬁg@tc)h%nﬁoﬂhka@ﬁ\aﬁﬁﬁ%ﬁék‘é’ (¢) @A Etdbii€hing a measured

phase (¢rc), the processing unit (22) adjusting the controlled voltage (Vi) so
that the value of the measured phase (¢rc) will be null.

3. A linear motor according to claim 1, characterized in that the
controlled voltage (Vu) is adjusted by means of a variable frequency inverter,
the inverter dynamically adjusting the voltage frequency (fym) of the controlled
voltage (Vwm) to a value equal to the value of the resonance frequency of the
resonant assembly, as the load variations occur.

4. A linear compressor (100) applicable to a cooling system (20),
the linear compressor (100) comprising a piston (1) driven by a linear motor
(10).

5. A linear compressor according to claim 4, characterized in that
the controlled voltage (Vw) is adjusted by means of a variable frequency in-

verter, the inverter dynamically adjusting the voltage frequency (fym) of the



10

15

20

25

30

25 voltage (VM to a value equal to the value of the
resonance frequency of the resonant assenbly, as the

wo o@d/ovass ati ons occur. 4. A linear conpressorpP¢/BR2005/000006
applicable to a cooling sysb@n1(20), the |inear
conpressor (100) conprisinga piston (1) driven by a
l'inear notor (10). 30 5. A linear conpressor
according to claim4, characterized in that the

SOl g{j \fcﬂtaégl @/aﬁ/ge(o(v%lde ?ggélut'tbhﬁ% DYuBEH e fesBnance fre-

varil a I n- ver e 1nverter

m@fatHeylumterImmssb:e(m)t agetherearigtiony itfddvhand of the
the WO 2005/071265 PCT/ BR2005/ 000006 23 controll ed
cpeling gy¥stemf2Q) Pl al ue equal to the vaI ue of the

" esonance fA G Ayt BLeAMEcl AR 18088 %6 UndrdBBlized in

as the variations 1n mand I ng’'sys

th@0fheocmntrolled. vokabe r{¥a) genemt&sadeeducua'edt (i) that cictwlates in
4, characterjzed in 5 that the controlled vol tage
tb%’ﬂ?ﬁegém‘&&@@-a feed current (i A) that circulates in

e b "o heTbOscirkPhnit (5) REBCATY AeHBIdhak83he) of the feed

nmeasuri ng a curre

cuncerit (i) cbmiatheCdyu’mme fhase Qp‘p)tdﬁdhelmﬂon (@) of dhe tlinear com-
Iinear(l ﬁésn pressor (100), 10 the processing unit (22)
h

Rreasefy (1 e di fference between the feed phase (4c)

and the qHB3FoERliG St gﬂea%ﬁ@; eﬂc%gﬂ?:tﬁééﬁ the

phase (4 pc), pr oces uni t JUStI
feedtpfddee@cydrﬁame dwmmmphwm(q)pt)lmd/elstabhehmgha measured

e, Geoo e BRRegsg Ut (320 e ieting theLantialedualtage ) o
tﬁé tth%ev 98 bf fd ﬁga%ﬂdda&%s(ev%{ks)'\ﬁlu%ﬁﬁﬁsed when the
Ue ase

nmeasur e IS positive and
| ncr easec? ol bmeart doenpressaorr accqrdingedo(claipt§, chametgaizeddn that
8. Al di t | aim 7
(B4 0miolr Yliopn (THaP OFSiBaPEbAnAToLE Tye L mersradphase
I BBfiTe SR SR Uhin e R ane ifse (g) i tieatve.
char act er8. Zelinear (IdmpresshleamdtmgftmmainnﬁndmraoferlZBd in that

16 Aot Pragpdeth s onSneeub s Hir «BoardgmeiEt of e d cur
r%hf"(lm 7 characterized on

9. A linear compressor according to claim 8, characterized in that
the pre-defined moment of the feed current (ia) is the passage of the feed
current (ia) by zero.

10. A linear compressor according to claim 7, characterized on
that the pre-defined moment is obtained at the middle point of the perma-
nence of the feed current (i) at zero.

11. A linear compressor according to claim 5, characterized in
that the dynamic phase (¢p) is obtained from a signal of piston (1) displace-
ment (DP). |

12. A linear compressor according to claim 6, characterized in
that the value of the dynamic phase (¢p) is obtained by means of a displace-
ment sensor (30) electrically associated to the processing unit (22).

13. A linear compressor according to claim 12, characterized in
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that the pre-defined nonment is obtained at the mddle
poi nt of the perma- 25 nence of the feed current (iA)

W@R002871265 11. A | i near conpressor accordi ng torPCl/BR2ZN0S000006

characterized in that the ?gnam’c phase (~p) is

obtained froma signal of pfston (1) displace- nent
(DP). 12. A linear conpressor according to claim®6,
characterized in 30 that the value of the dynam c

B0, ValuBt i Bl Bhese, GRS oBleiesf ) BEGidt o pis-

té'ﬁ‘(‘t dig@acemant (OP).near conpressor according to claim
2, char acterized in WD 2005/ 071265 PCT/ BR2005/ 000006

24 that tlHe Aveiethohef cortrelling @i lingsh comprapgor (§ 00), the linear

P8 (2RO TosBEroEg  HBRuft1aBEEn £ pdar mgiog (10
l'i near CWbWK1Xﬁ9@hg d hi%plad@m?ént rapge 'controlled b?%eans
conprlt%;"gg a piston (1) driven a linear notor

of a ¢en oreliage (Nam the @fﬂf%lﬁﬁa@ﬁﬁﬁtwmhﬁ@émg a voltage fre-

A ST e B0 B L 1A o
p%éé‘@slrfgfpﬂhlt@)to the |inear nDtor (10) and adj usted by
0

means processing unit the nmet hod bei ng
char act eithe Btethgd @@quflﬁfﬁﬁef 'ﬁ@d by cempsisingthe steps of

moni tori U?m{;E‘?orﬂ%o(%tﬂ?é‘ p(qé’())n%ﬁ p{e&ﬁﬂs&%ni qgﬁge Jhroughout the

t hr oughou eration o Irnear co

dpkestion of thgniaehe ebinpreedonst00)y t he di spl acenent range
in function of the variation in demand of the |inear

conpr essordypaoigallyiadivetityg theedisplasemend fangs & finction of the
V%?lgﬁ%ré |r2 g% T ngﬁwgt I';@é)#%ér&%%&gﬂfd'&a{d Bﬁép ItRe $REBN Hom.-

préssprdit 00) troresloaantd 4hrotlghvatther varatiang inrdemanah of thee cool-

step of d nam cally adjusting the piston (1)
iRg systape range, the level of the controlled

[t h : \
e T P
s@bﬁl&ﬁdynﬁﬂcaw Jaﬁ}UIstm@ tlhleeplpiost (1][) di Qpla?emﬁhtacangmtt?elz Iedvel of
e, the vo vM of the contro
t%FPﬁEﬁ@”e(d\Mﬁ'tQ%‘ %’]) QS’CZ\ \(/al ma equal to the °

‘ég'ﬁgfeg;oph?lrg\%)ﬁﬁ@%@orﬁf@%e&ﬁﬁn qf4, CRErddt&®Add in that, in the
step of dynamically adjusting the piston (1) displacement range, the voltage
frequency (fum) of the controlled voltage (Vw) is adjusted to a value equal to
the value of the resonance frequency of the linear compressor (100).

17. A method according to claim 14, characterized in that, in the
step of monitoring the piston (1) displacement throughout the operation of the
linear compressor (100), it is foreseen to measure a feed phase (¢c) of a feed
current (ia) and a dynamic phase (¢p) of the piston (1) of the linear compres-
sor (100), and

to measure the difference between the feed phase (¢c) and the
dynamic phase (¢p) and to establish a measured phase (¢pc).

18. A method according to claim 17, characterized in that, after
the step of establishing the measured phase (¢pc), there is a step of increas-

ing the range of piston (1) displacement when the value of the measured
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17. A nmethod according to claim 14, characterized in
that, in the step of nonitoring the piston (1)

waolc@phazesrent t hr oughout the operation of the PCBBR2005/000006

I i near conpressor (100), gﬁs foreseen to neasure a
feed phase (4c) of a feed cdrrent (i A) and a dynam c
phase (~p) of the piston (1) of the Iinear conpres-

sor (100), and to neasure the difference between the

A5, PBEE, 9088 A Nn BN THORES PSR, e AL
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tHe sgtbpasfrinoteasinge or decrddsingdithd hen @mqaustbn 1§td1§1plééément
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the'@s@reeateprﬁﬁwwmshwaissage of @ stabiigatian @menod
accor di ng4t o ¢l &hgy %%coﬂ?ﬁ%%tcﬁlhfﬁg {:ﬁ‘arla??érrzeﬂf bethat after

the step of ‘i ncreasin ecreasl iy’

the gassafé of dhe mmmm timé hibieediffsrencet t@e:mianamelfew phase
t he ssage of a stabilization time. 10 21. A nethod
@)C‘UF ﬂ?ggm?rﬁ'&ﬂnﬂséd‘bp )dn nerRsuEed 288iN-n that, after

h
e PS8 A it 3t BBhl G it omblited miﬂfee'mear
do#mpressomE ey cempaugmgra pi&ﬂ)n a )rdﬂvbncbyOé lineat moktdri (rlg)
i near congr essor the linear conpressor

conpri si 43S PIptost 6\') '('?L‘}'ngrﬁ‘ véntieled valizgsr (Vrok 5he(qmtrolled
‘SRabE5Y) B PRy’ ol TS Al Mot (10

a‘ndeaﬂ;asheyl kyf & Pyoagssingeuhit @2)he | i near motor (10) and

Pohy b sPhiRNG! agh ol Beel i o Ra0 St 19 b8

|Ja stiféhé limes" E'faquo 10), 20 the nethod bel_ ng :

aracterize rising the steps of. measuri ng

a f eed plths me{thod being thearbetedized hyssambiiising dhnel stepdyof:

v - measuring a feed phase (¢c) of the feed current (ia) and a dy-

namic phase (¢c) of the piston (1) of the linear compressor (100), and

- measuring the difference between the feed phase (¢c) and the
dynamic (¢p) and establishing a measured phase (¢pc),

- dynamically adjusting the range of displacement in function of a
variation in demand of the linear compressor (100), so that the linear com-
pressor will be kept in resonance throughout the variations in demand of the
cooling system (20). |

23. A method according to claim 22, characterized in that, in the
step of dynamically adjusting the range of piston (1) displacement, it is fore-
seen to adjust the feed voltage (V) so that the value of the measured phase

(¢ec) will be null.
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nam c phase (4c) of the piston (1) of the |inear
conpressor (100), and - neasuring the difference

whedodoenet he feed phase (4c) and the dynani c $dpBR2006/000006

establishing a neasured pha?8 (4 pc), 25 - dynamically
adj usting the range of displacenent in function of a

variation in demand of the |inear conpressor (100), so
that the linear com pressor will be kept in resonance

th h tah i at.l ' g : [+
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rccor di ndor & Bratnad ool & claiin, 2 shirarEZqrn dpat, after
tﬁégaégsgele% (& SfBAFalEn tmel HheRAS A9k iheasi@igt of the dif-
prston (1) displacenent, it Is oreseen to await the
forpcedetwien tise faud phadd (@g) andihe dgnamioghasel(op).
ac di t | aim 25, ch terized in that ft
10 the p#dsAyE0ulinG FsStemA30) ComArsing 7 fioear amressar (100),
835 4y SR 2 oGS A AR 08 e
coyspress¢rX@POxonpri sing a |inear conpressor (100), the

[ t 20 i, S [of f t t.at
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§ bl vBRR YA E o ARG MR e 4 3 -
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unit (22),

the cooling system (20) being characterized in that:

the range of piston (1) displacement is dynamically controlled in
junction of a variable demand of the cooling system (20) during the period
when the thermostat turns on the linear compressor (1 00),

the linear compressor (100) having a resonance frequency, the
processing unit adjusting the range of piston (1) displacement so that the lin-
ear compressor (100) will be dynamically kept in resonance throughout the
variations in demand of the cooling system (20).

28. A linear compressor (100) controlling system, the system be-
ing characterized by comprising a processing unit (20) measuring a range of
piston (1) displacement and the processing unit adjusting the range of the

piston (1) displacement to dynamically keep the linear compressor (100) in
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the cooling system (20) being characterized in that:
the range of piston (1) displacenent is dynamcally

w@onsoolzbed in  junction of a variable demand BpET/BR2005/000006

cool i ng system (20) during ége period when the
thernostat turns on the |inéar conpressor (100), 25
the linear conpressor (100) having a resonance
frequency, the processing unit adjusting the range of
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of a controlled voltage VM, the controlled voltage
(VM hawatigtiang in dag@nﬂrqfqhe n@9hn{g systene(20) oggurs;. ust ed
by means of a variable frequency inverter, the
inverter dynam cally adjusting the voltage frequency
(fvp) of the controlled voltage (VM to a value equa
to the resonance frequency of the |linear conpressor
(100), as the 15 variations in demand of the cooling
system (20) occurs.



