WD 2005/ 071265 PCTBR2005/000006 | Title: "A LINEAR MOTOR, A LI NEAR
COMPRESSCOR, A METHOD OF CONTROLLI NG A LI NEAR COMPRESSOR, A COOLI NG SYSTEM
AND A LI NEAR COMPRESSOR CONTROLLI NG A SYSTEM'. This application clains

priority 01&?@3%@{5{?@ patent case No. 5 P10400108-7 fi l?&q{f’g#gﬂr%%ﬁ%%y 22,

2004, the € thereof being herby incorporated ence. The
present invention relates to a |inear or, a linear conpres- sor, a |inear
conpressor controlling nethod, a cooling system as well as to a linear

conpressor controlling systemw th the purpose of operating a |inear 10
conpressor in resonanc so that th e ] | ve the highest_efficiency
th[ oughout E[T'Hebpérhw A Uﬁ?liwoﬁnﬁlﬁ‘&#héQﬁ#v%ﬁggﬁvi@rU%’ﬁ'@ ‘P?ne?r

not or essen NTROONNG e%m S80R R COBK | RRBY ANt OF
coupled to aeréesonant rrecq?::\ligl’l?:-sr?yk |2ﬁEmay com 1 Ig}'r?ssgﬁsz;léri:pr| ng,Aor to a

to any | oad LINBAR COMPRESSORQONTROLLING A SYSIEM'at e a resonant novenent
between the linear notor and the | oad. The applications of this type of

2 7 a5 A D S, R SPEAT nll fe 59,
vari abl e | oads. Typi | eo } o] ‘I near
notors 20 employeoB-?Tiled BRAJartARPRes 2004, theadisdbsurefthereohbigingeHerbg cool i ng
systens, due to its efficiency in terns of econony of electric energy. A

| i near corrpriB@OfPQEﬂ*QQQE_r%fﬁfﬂWed on a cooling systemis, as shown in Figure
1, usually mounted 'ﬂ?ﬁ@s&tﬁ%ﬁiﬂﬂ rgagés.ta@mar nﬁxkar déh?’&hﬁi in this
el ng conpres

housi ng be- ing under W pressure an asplrated an sed by the
| i near 25 csprpa tinean cdmpressdraantrollingandthgdh- pceclingrsystom, aowskkas tda The gas

oD " RS R o B5E Pl S5 o rbiind i o

posi tiongd alorpies l'_ r2SORSIRS SHAhUe the %kaﬁn}jhavéhﬁemﬂé& eﬁ&@b@git of gas

in and out of the cylinder 2. The piston 1 is driven by a |inear not or
10, whi ch i shfasghett tgoperatian.or 411 having a coil 11 and a support 4. The

stator 411, $ g "i g; H[ !&%g% Q%ﬁgnmagnet 5 that inpels the actuator, :in this
case the pi ; bei ng associated to a helical-type spring 8,
A resonant linear motor essentially comprises a linear motor, for
example, a linear motor coupled to a resonant mechanism, which may com-
15  prise a spring, or to a to any load that produces a spring effect, to geneérate a
" resonant movement between the linear motor and the load. The applications
of this type of linear motor may include driving fluid pumps in general, which
can actuate variable loads. _

Typical examples of this type of construction are linear motors

20 employed on linear compressors that are often applied to cooling systems,
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

25 compressor for refease 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

30 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,



WO 2005/ 071265 PCT/ BR20051000006 2 form ng the resonant assenbly of the
| i near conpressor 100. The resonant assenbly, driven by the |inear notor 10
that has the function of producing a linear reciprocating novenent, causing

t he nove- r;gg%?og)‘gntz&e piston 1 inside the cylinder 2 tOP%gBr‘é%(%’OE@B%)r ession

action com Si'fg the gas admtted by the suction valv he
extent where the latter can be discharged to the high-pressure side through
the discharge valve 3b into the tubing 7. The anplitude of the operation of
the linear conpressor 100 is regulated with the bal ance of the power
generated by the linear notor 10 and 10 the power consuned by the mechani sm
i n conpr essi flagmingshgdesqnant agsenably of theslinear poppressoeA@Ract eri stic of the

| i near nmechanismis t LRd L f Vil | 1: | LY,
reduci ng the power offh%h%%éﬁé@ft %J'fécéﬁ.r%I ’oql?%bhg]%odpré'?%ép%{d;%pcf%yggi n turn
reduci ng t hethpdyamdétion ofapeduding alinedr reaipasoatiag navemeentacawstng the movd-r ol | i ng
the anplitude of the lin- ear, coppressor rpay be the feed, voltage of the

el ectric not®ent ¢fthe Ristan flpgide\the cylijdes s 9f?é‘eglae€‘?mpiesﬁl9t”o?°t‘ﬁﬂtq0f“'t he

desi red Yl hkidifalthe 38! SiRfitelS hedbifttioN Vahval3a R RecEbANHERCRE.  Such. as

electric resistante of the electric np- tor, e inductance o the electric
nmot or, capadattemceanitie dischgegsic to thes highepresaget side dbroughy thel dischanget i ve

force, the inpedances . of,the resonant system (mass/spring) and the
conpr essi on Y‘?(ga/i'etﬁtri‘?g‘tb'%ZTent | osses. The inped- ance of this system

depends upon the act el @mpfitugeusithy oplerdtion Sfiythedinear tcanipressdrol0a, the
frequency of the vol tagﬁ gpgl led to the electric notor. certain
¢ A

frequency t hiegdiatesiwitbthe halanes of the pavesgenslated By dhe Hm%arfmgmr d0@Ren 25 the
TR MR NSri Oy s BERanth LR R0l Bl g
frequency oflos$es.mechanismis not perfectly fixed. When conpressed, the gas
Tas spring-) . this ApREeHEtenalc et Be earanet BB e AEOPLY the
f': ﬁ;:pcgobet ih%@ts 'ut'f'ﬁ;ﬂﬁg RBPadifie redilciy BRePower ™ thé Blechicmatdrehet hat the
npr essor oper at es.
operation amplitude in turn reducing the pumping capacity.
15 A parameter to be varied for controlling the amplitude of the lin-
ear compressor may be the feed voltage of the electric motor. From the feed
voltage of the electric motor until the desired amplitude is achieved there are
various coupled impedances, such as electric resistance of the electric mo-
tor, the inductance of the electric motor, capacitance if a capacitor is used,
20 the counter-electromotive force, the impedances of the resonant system
(mass/spring) and the compression work with its inherent losses. The 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
25 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
30 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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plate is altered Wnen the piston stroke is reduced, generating an increase
of the "gas spring” and in the resonance of the mechanism (this effect is

t he nost 3{"2@%@%@; he op- eration stability of the %t}@ﬁzﬁﬁkooow a

cooling sy two factors 5 alter substantially, pressures
varying fromthe instant when the systefnis turned on until it reaches the
operation condition, the operation condition is affected by the room
tenperature and the internal tenperature of the cooler, the piston/plate

distance is altered when the system needs_nore or |less en- ergy for its
operation. In this wdye @lﬁ@m@shﬁﬁ‘dﬁ%thﬁ oiglemand dhe iplatenis wheni10 system
varies due tQ_v f. Usabl e
with the Te t@'ﬁl‘ﬂééﬂﬁmﬁ(ﬁ%g@ce@ﬁéhﬁgaé bgﬁé%gég?ﬁ% a&ggdcra yﬁgwo types

of cooler: tindhéiresorancka$ shemetkartismathis aﬁectdswdieemswdlévamttatrieemb.
el ectronics. In additj.on ttﬁgthe applic t|on to 15 coolers jn general, the

t eachi ngs of €f@Han stakily of; the JRe¢ ‘srﬁilf RS SpPlinGeBysteme dpsentva jadtifs i n
| |
general, & O'alidi HuBBetiafy, the BRelshicaVaing ¥iRhP it inbfant Whitn tﬁa%yateﬁhfe, onl y

conceptu ditference [i‘es | at t Ition system S
appl i ed to aurmsshogamtic d obachesnthiereperation conditors dbe iqwetat@mmumfn isa cool er

or arefrig h stemijs ed | cl.osed . cabi t he
cool ers or C%@qq?%fbbgﬁgﬁi &}H{\Heréfmgrqg@dﬁg %fﬂagﬁemPE%?‘éfPeg’SP iﬁgé W th
el ectroni c ciheqiistoh/pldtatdisiance ishaitered dplehitheisystem viéedd mdré @r ietsesmal

t enperature of the cooler and nmaking adjustnents in the capacity of the

| i near conpre&fgyder ispoparation. dBé'F'&t“@Yb the T#SPR@%%QQW(N theemgshaniedlsi - bl e.
25 The cﬂpl Cy%t@'ﬁ v%ﬂQJs Hﬂgté}ééﬁcﬁf?fa&fo his sinple class are not pro- vided
nmbar ked el ec

with e ronics, having only one circuit that turns on and off

the |inear c@gﬂmSgste(l_dﬁobhﬂtefﬁgératdleMmﬂthfthenT cachingsoof theePré-t hout ,

how ever belq abI e to act on the capacity thereof. In spite of operatl ng
in an efflc@&ﬂjﬁﬁﬁ—ﬂhe coolers with em 30 barked el ectronics obviously

15" e Teeh nog-or (BTSSRI i, s cf Lo R38Rk oo g
and the coolers with embarked electronics. In addition to the application fo

15 coolers in general, the teachings of the present invention may be applied to
cooling systems in general, for instance, air conditioning systems. in this
cése. the only conceptual difference lies in the fact that the air conditioning
system is applied to a room (or cooled environment), whereas in the case of
a cooler or a refrigerator the system is used in a closed cabinet.

20 Anyway, the coolers or cooling systems with embarked electron-
ics are provided with electronic circuits that have the capacity of analyzing
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.

25 The coolers or cooling systems of this simple class are not pro-
vided with embarked electronics, having only one circuit that fums 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-

30 Dbarked electronics obviously have a higher cost when compared with the

simple-class coolers.

According to the teachings of the present invention, it is possible



WO 2005/ 071265 PCTBR2005/ 000006 4 to provide a |inear conpressor with
el ectronics capabilities to adjust the re- spective capacity, follow ng the
dermand of the cooling system even in the cases where sinple-class cooler

are enpl oy Faor this purpose, the |inear conpressor d capabl e of
anal yzi ng Sﬁgz@%ﬂzﬁg capacity necessary 5 for the requ%&&@%@%@f’?ﬂ? n wthin
the environnment of a cool er, based on nmgas- urenments nade in the feed
voltage and current of the electric notor that drives the |inear
conpressor. Description of the Prior Art One of the ways of achieving an

I mproved efficiency in systens 10 involving |inear conpressors is to

appr oxi mat e tohpropidetatinear corapressewith electronicsicapabilities to adjust theoessi bl e.

S 342, 176, 19P4CHER CPABL SR IRS RS offtnsl CEUEE bty e Bl *"¢ B
described. Neidegawhare dilmpieciaes booletiafe emplued! For this pufssses thY limdarover the
anplitude for the linear conpressor 15 resonance, so that, on

o -operate in )
the basis ofCAMRRIOSERICHHN b@fcﬁm&o{jéﬁi‘]ﬁ@ﬂg dhe cpaling caRagtY RARESEAYor nay
operate Wt ey i | ' ok prior art
whi ch de\égcr hﬁtgmags@gtsgﬁatﬁ ﬁ'gtgﬁ%ﬁ@rgséq%ﬁgnﬁr%\ﬁ/teﬁt% °'§?r!ﬁ?%“%?§?%ﬁs of a
| i near conpryreswmnts insadé § thes fabd notageu and tcu@nd of IMe Sdectrie Onatoc dhati ng t o
t he teachi ng(ir. of Lhi.s documants a systemand a nethod appli cable to a
li near conpr¥&&5the lIReRIFAMNERSOT,ccording to which the nmeasure- nent of a

first squarepdeprdtisRohtheErigyAknt egrating the current applied to the
el ectric notor and a second square wave obtai ned fromthe voltage applied

to the electric notofOnenf theeways phadieving so impievadafisiency imsysiemsr ol over
et o, Y SR b, b RoERnts 1610 ERrRbaB eiTANEnC Be bty oot "
squar e wave. sttoket dridsag\iir ast gussible tBxaniles bthbse tsshniuiisrmag be forriptes in a
position closer to the valve plate. This, doc nt WO 01/54253 does not
approach t hedqsugmmsnl 5|155V5"-Q&béf‘§_r+é% i%‘f?aﬂ Tgrgie"t Besgdwogacumpntsgtheet f ect ,
cunon: | = MEEbpeh Ahed IFoldMBR: ORI RPRchRQUEL WY L
oper at e i n rforesegeaiontrohdier thesainplitude rfer the linear compressor to operate in
15 resonance, so that, on the basis of the teachings of these documents, the
linear compressor may operate with low efficiency depending upon its load
conditions.
A prior art which describes a system that monitors the movement
of the piston of a linear compressor, is disclosed in document WO 01/54253,
20 According to the teachings of this document, a system and a method appli-
cable to a linear compressor are foreseen, 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
25 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
30 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



WO 2005/ 071265 PCTBR2005/ 000006 5 efficiency. Mreover, another drawback
resulting fromthe construction pro- posed in docunent WO 01/54253 lies in
the fact that one nonitors the phase by neans of square waves. This

approach rq;altz@%@klg‘sg hat, to obtain the differ 5 ence bgwg@gqﬂﬁ ases; it

I S necessary oy electronic circuits or conputer at make
the integration of the current, that geperate the first and the second
square waves described therein and that calculate the difference in phase
between the first wave and the second square wave. This construction, and
t he process described therein, however, has a high manu 10 facture cost in
addition to éffisienceliability, since it needs circuits for carrying out

t hese conversi ons, Lch, due tg the large n er._ of ,.conponent.s in- volved,
Feduces the reliabi | grenret moofpt Ak TeBMHRE frofy R CaRIE IS P
conponent 1 epsRAGA IdocB@nE WG 1784253016k ik theOfact Miat Bh6 mdriRre e phasel | npl e-
menting a device described in the docunent by neans of a conputer pro 15

gram al so r eumeans of sauargvaves. This anpsoagh respits indbat, toiobtain the diffpf-oach

used, it o w b ssar : ' beSliC

m cr ocont5r ol +'£Cre §ﬁ®?e%%t ﬁ%r é'f‘%gees{']q%%g g?e%gglsftsg gﬁ)@?ﬁ@%&@ﬂ?ﬁé@ﬂﬁ"&t I on of
| i near conprgaAputer progearmb ithat malee thedntegrition of theocurtdrd, thae gefieratesthier oni ¢

t hernostats capable of inform ng the 0 control, . b geans qf a c&m’rand

si gnal , abouﬁrs{)ﬂ@_d é%é@@@ﬁo\ﬁﬂi‘ WAYes eRcH e@&hﬁ’ﬁ!’béﬁ tapbealulaieethgt e, This
makes the sYgienea e pREseheweRRne Blst waip i tAEBbLSA bQlarewavBe Thishear
conpressor in any system Another possibility 1s to actuate the I near
conpr essor i corstriictian andatheqirogessndescabed tharbip, bowever, ihasa highemamst at

("On/ O f) type). Thi howe 2 ver .sup-utilizes the respurces avail able at
the cont ¥l “BElre cost o, AdHfion o Tekucniabifvrhioonf Beodt cbSTR bR Sopibden; -

i nvention argutathbb® edhvEiiohs, whith, duect tHOTEGE TeibersoMBdmeshetits Grnt rol 1 i ng
it, as well as a cooler/refrigerator that has no need of enbarked

el ect roni cs, vaiad, seduees shenseliabilily idshe rystam.ssinge®ach addediplestronis t he
ODer s or O arh SehBSefST WP RS B T8 Yt i
conpr essor Wwnkhtind acdevice deseribedfintthe dogutrent bgsmeans oflianesmplten@es- conpr es
15  gram also results in a high cost, since in this case, with the approach used, it
will be necessary to have an excessively sophisticated microcontroller and,
therefore, higher costs. | |
Moreover, the application of linear compressors in cooling sys-
tems depends on the use of electronic thermostats capable of informing the
20 control, by means of a command signal, about the capacity which the linear
compressor should operate. This makes the system complex and does not
permit application of the linear 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-
25 ever, sub-utilizes the resources available at the control.
Objectives 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-

30 pacity of adjusting the capacity according toc 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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characteristics of sinple-class coolers/refrigerators unchanged and
transferring the whole electronic control to the linear com pressor. In

addition, if .i jective of the present invention t [ OV 5

r esonant Ii‘&gﬁfosﬂgltzggr) t hat can operate in a controlled %&&f@éb(&@?&%@s t he
range of its displacenent is concernedg§ w thout the need to make use of an
external electronic control. Thus, the intention is: To adjust the
operation capacity of the cooling systemby using a |lin- 10 ear conpressor,
wi thout the need for a conplex thernostat, permtting the use of the linear
conpr essor i Boratijua Maintaining thecgharacterigties of simple-claas epolersérefrigesaters

conpressor i S | - t] . ff type), and
Further - per mhecihgBco ke B WG PRt SSREBC I Ind ke oy "o

whol e pot ent padssef. the linear 15 conpressor. To optimze the functioning
of the linear conpressor, to have the sys- tem always operate at its maxi num

ef fici ency possible. INpsdiipsy di%ap abjechve rf the pregentipyentionforprevide @he need
to use angex - ' ' 9T aT houl d
operat o o vaygenaRingel Bt epen Bpeeeinl CorffEhBl vl ag o ebiihe PingE]

| nvent i on Asofiesdisplacemehbisecontemedewithautdiee heed teemakeafsetdf@nretdraal sm
varies as a function o Itthe pressures and of the operation anplitude of the
i ner conpr eslegfronigicop he pressures are variable and non-controll able (at
25 least directly) atTiify vt iRteHtiBRMS;S, the |inear conpressor may operate out
of resonance, which results in loss of performance. On the other hand, the
di s- pl acenent o ahg@disst hesoperation capacity of thercopling spstem by usiige liro t hat

oo a1 off st roke. < ERRsSely fthbOIng neb 544 RARRR BeitRbstal Hetiflen” .
and the piston spgmedisedT tiso lincartcdomprasdorimahy typersfisgsiesin i n perfect syntony
and consequently with the best er&ormance. Anal |I)|/2| ng a cooling system one

can notice that* t he PegBibithe use of the dnearcompressor|in By SYsiam Mith<d £ ses when
the door of the yentional thermostat (on/off type), and further permit the adjustment of

the operation capacity, thus using the whole potential of the linear
15 cdmpressor.
¢ To optimize the functioning of the linear compressor, to have the sys-
tem always operate at its maximum efficiency possible.
» To operate a resonant linear motor, without the need to use an exter-
nal circuit controlling its behavior; the latter should operate always in
20 optimum functioning conditions.
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
25 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,
30 so as to maintain the mechanism in perfect syntony and consequently with
the best performance. Analyzing a cocling system, one can notice that the
aspiration pressure of the linear compressor rises when the door of the



WO 2005/ 071265 PCTB1t 2005/ 000006 7 cooler is opened or a new thernal |oad
Is added to the system In this situa- tion, the strategy of maintaining the
phase mnim zed by varying the opera- tion anplitude causes the |inear

conpr essor ' e the stroke, thus neeting the necessity of the system
to withdraw&@ﬁé&g)égg% heat. 5 It is inmportant to observquTI‘i%Hz?éosmoo%i te of
maki ng reference to the reading of the7phase between the current and the

pi ston speed, one should understand that this phase may be obtai ned by

readi ng ot her paraneters; for instance, one may replace the piston speed by
t he piston displacenent, whichis at 90 with respect to each other, and may

us](? this in]t coalgf isoppencdior a aaw thaemgHead isngdded tethe ystemytladhis sé#lei on as a
5o posst bl opcBECealay B Rtk B BRtseiofileeli . CR0MIOheCoAl ('t 1S

(CEMF) that tieniamplitade,cavséd thédineabjceripressor donnaease thbestrkes ¢hizet ween

the current and the dynam ¢s of the nechanism (for, exanple, the CEM).
Preferably, m?@t'ﬁﬂéheﬁﬁc%ﬁﬁ'tyéﬁfhepﬂ%"t‘ly“ﬁm“f @ﬁé he@bse are used,

resultinggin the elec I‘ﬁ?ﬁm{ g@%ﬁ ' he
formul a %ENF:kx 2DP grlé 0 mgﬁan E?gﬂﬁ' ’co s??&%ﬁ%[%@f?e{aﬁgt@mé

pi st on- di spl seastimgof ther phase betweandhetcuirent and the pistarespead, ione. stiuitce t he
pi ston novenent, S apprexi. | | nusai.dal (it iS.00Ssz: Sihble to know when
Phe. di'spl aconbriersfartbRiaf it Bhese melhe bR bl reSufS Singt parimeBraids': o
detect this yhaie, idnd mafdpladectiie pistdnépedd Ly MidTipistors &lisiicemant\vhi ch

w Il indicate a peak of signal when the piston is, for instance, close to
its stroke eMdnichrisuat 99°% with deﬁpq%tm@agmjpgwqrhand:ew paedhis infpematiomio of

maxi mum pai st | t, d ' t L.or of the
resonan czb [ ? %@iﬁéﬁgﬁgtuglﬁ [@ﬁfé{o&aﬁ%%%%d] a%ieagféof%retg:&gb @c%?rﬁ%ébﬁ's

i ncreased, t beuctegocunveaidnce midhe onfrol dkuithlt i$ ialsaopossibipte seplace thd ower ed,

fesonance fr Saemhby teioensramersive setes GRMEL B i eseiuth B pr coour e
in Printed: 2pjceieRPfeablira®a'Rale tafvech the current and the dynamics of the
mechanism (for example, the CEMF). Preferably, the mean of current phase
15 and the CEMF phase are used, resulting in the electric-motor phase.
The CEMF may be obtained by the formula

CEMF=kx-a——g—‘3

20 wherein Kk is a constant; 8D is the piston-displacement derivative, and 5t 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,
25 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 displacement is increased, the resonance frequency of
30 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-



Y 8 creases (demanded by the cooling systemat the suction valve of the

|l i near conpressor), this neans that a thermal |oad has been put into the
cool.er.. This warmer nmass raises the tenperature of the internal environnent
*(ﬁnntétezmﬁgm(t@ system causing tthGMMDn t he evaporation pressur eOS?:‘ﬂOQQB
t he"tooi "5 i'hg liquid is in a sat tifdt'ed™i'quid state, and one can concl'lide”
tshat the pres- sure and the tenperature_are intrinsically interconnected.
Thus, the fact of placing something waFnmer in the cooler, will result In a
rise In pressure, rais- ing the pressure of the gas on the piston, causing

t he resonance of the nechanismto decrease, which wll| cause a phase shift

in the |inear ;@ps t&npére%acsy mbrboBﬁlfbcéysfé?n at tHeSsudBE §all & 3F thedfneahe heat
i nside the cooler rises, th he system al so rises, causing the

resonance fre§OEREFSSD. 'thﬁeme@%tt@hat ts'eﬁn@éoadahas baen prt int the- 6@l shoul d be

i ncreased, whirpi \&étﬁlé'rfn$as'sr}a|sE§%’&téﬁﬁae?étur%&ff%@ﬁﬁénél@ﬂ#@r%&nt grithee the
pi st on stroke Is longer. Inth case, that difference by which the

resonance fr e GORIRNGSYRIER, @SJ@ﬁQéBe gse N he evanamtiaprpressure. sinsebsa0t o t he

system My CasiuldIR if SRl aafe, 28didRe @h dohétu@é B4t Qs pfdsequency  (or
resonance frequency rg} I ncreasing the pi ston displacenent, |eading the

assenbly to oféieand the ﬁeémﬁh@eaﬂerlétméiﬁ%'b’ intefcannected.h Eush ki fack ofiecr ease i n
the | oad of thp cgé%ﬁmm er %Qhéeﬁger, bﬁi%?biﬂﬂéh@eﬁﬁer ke trsﬁperature)

| eads to an I ncrease In t ystem ch hase
posi tive -and #ghihengreseurgi ththa gaaoerthewtqm qahenstt éﬂsqtepeeuowh@ntul t he

phase reaches "{%ﬁul grhggvééct'é‘ase Kkﬁﬁcjﬂ' will 'BYse ‘Q*BHa%etéﬂﬁt mhﬁee\.nsa

positive, one s crease e cool er capacity ave ttte system
-operati ng1ﬁgapfﬁsﬁﬂ' resonance and 25 when the phase shift is negative, the

capacity of, the li negk m’eé %g gg% ﬂﬁéﬁﬂ&ﬁ?thé}&&l@ﬁ’ﬁséshe system

operating again in reso Rance. jectives o € present invention
i s achi eved bShe load rof the sastermelau rises, cnauslomim séaopances fraquancyef then act uat or,

the stator beiffem§%sRY afd HLD fs%dt E‘tﬂak\écgthbgﬂebe InBRaEa WL ?ééult-t? r[)age bei ng

applied to the’ I near 30 notor proceéssi ng uni y nmeans of
a variabl e fr exglusingyof remoraricerfrequescy, |sm§:arthermismn htmhm@ langesl frathés f r equency,

the | i neangmolary, g idhfrerbe GASinich 48 Fd3Gndtch AlRbnd) R ARATRIY fuche | near

not or for m ng a S esonan
tion of the Ioad added to the system, may cause the system to operate again

at the previous frequency (or resonance frequency), increasing the piston
displacement, leading the assembly to operate in resonance frequency.

On the other hand, a decrease in the load of the system (frozen

20 food, Iowertng the ambient temperature) leads to an increase in the system
phase, which may render the phase positive and compensate with a de-
crease ln the system capacity until the phase reaches the zero-value.

in this way, while the phase shift is positive, one should decrease
the cooler capacity, to have the system operating again in resonance and,

25 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 achisved by
means of a linear motor comprising a stator and an actuator, the stator being
fed by a controlled voltage, the controlled voitage being applied to the linear

30 motor and adjusted by a processing unit by means of a variable frequency
inverter, the linear motor having a voltage frequency, the linear motor moving
a load from the actuator dispiacement, the linear motor formlng a resonant

T | | o7/izl2005



1 07/1212005! Printed 2610112000 DESCPAMD:, 05700228, 9 assenbly with the
| oad, the resonant assenbly having a resonance fre- quency, the processing

nit s confi-qured to control a displ ment range of the actuator by _neans
g?mﬂtﬁ@%%ﬁi}?@%ed vol tage, the pr Ji@é@ﬁg&ﬁﬁmt sel ec- tively increasPREP%28
decreasing the displacenent range in' a proportional.5 manner to the

vari ations of the resonance frequency tlgroughout the load variations and to
dynam cally keep the resonant assenbly in resonance. Further, one of the
obj ectives of the present invention is achieved by nmeans of a |inear
conpressor applicable to a cooling system the linear conpressor conprising
a piston driveassepbly withdhe load, dhe resanapt gssginiiy\hayipgaa resontingglfesenent

range control | el ' ; el ectric.
Vol Tage navi ngerity fia Btk aht Bt & &Rkpinto NPLAARE o diflfatieh Ay 20 [ P
by a processi rijeastuator hyhmepns obthei contraliad: vaiiepegtherbeepsingduniloselge- namical |y
control the r IS0 ' : i |.an: 0 - l,- able
demand of t hea@%@l ﬁ%{g&gﬁl‘ét grm%?rﬁé&ﬁfﬁé;trd'sg%ﬁ%? fg}s{isqgér'+ v %gﬁés?@g%él15 nance
frequency, & hempnnrrelosthagrariafiansad thetresepanbe fregugrcy fhrpughooh thli kabace- nent

so that the Ii . CONDYr | ' | nance
t hr oughout t he%\?%??‘gsté@ntgﬁﬁﬁéraﬁgﬁynﬁggﬁ %ggﬁ%@%%%%@% 'Jgg?ﬁﬁe’ control of
t he pistons di spl acenBurtheneinegf thedabjdntivessafiibe pfesehisneention ¢ aehikved| t age t hat

e ot 208 RS oFh e ksl EBANERRS DUSHRE e AU g 1o
a val ue equal ctnmpre!smr.uampﬂs.ing atp_iseorrdn'amnzbmadirieaemm;:yieqﬁstomBa\kihmear
o sont bl kB el SRk W 0RO A SLARRE" T
of control |i neelecttic neltagectavinges voltaget fneuencieappliedniprtbe dioear @dtoc@mpri sing a
Vol t age havi ng e PRSEProlReda, il dpe pRESTAE MM RAFle Corrtathiafo ol 10" %
capacity of t irenhicalyesontronthe easge of pisten displacementps aJesctiohef thwe-vasivi ng st eps
O e en S BRI S RGeS IRl TR RS8R "0 11
and i ncr eati ngnanice freapertdyt thei Procdssingi umitadjustimg thesrmoge iof pistun displeage o
frequency is hLahels WiRhe MedrodorifoSsr WiCHY Hykdmicllly %65 RAREA%kEe capaci ty
throughout the variations in demand of the cooling system, the control of the
pistons displacement being made by means of the controlied voitage that is
adjusted by means of a variable frequency inverter, the inverter dynamically
20 adjusting the voltage frequency of the controlled voltage to a value equal to
the value of the resonance frequency of fhe linear compressor, as the varia-
tions in demand of the cooling system occur.
The objectives of the present invention are also achieved by
means of a method of controliing a linear bornpressor, the linear compressor
25 comprising a piston driven by a linear motor, the linear motor being fed by a
controlied voltage having a voltage frequency of the linear motor and gener-
ating a capacity of the linear compressor, the method comprises the following
steps of: measuring the feed frequency of the linear motor and compensating
the feed frequency by comparing the measurement with a reference fre-
30 quency and increasing the capacity if the linear compressor if the voltage
frequency is higher than the reference frequency, or decreasing the capacity
if the linear compressor if the voltage frequency is lower than the reference

2 _ | '07112/2005



if the linear conpressor if the voltage frequency is |ower than the
reference 2 10711232005 ' :. Printed 267,0112006 DESCPAMD 05700228 10
equency Further the objecti ve; E&%the present invention are achi .
r?@&?@ 8/04 /2806 od of control ki ng ; Deonpr essor, whi ch conpri se&/st
- of neasurlng a feed phase of the feed current and a dynanrc phase of the 5
plston of the linear conpressor, and uring and establishing a neasured
phase, and dynam cally adjusting the displacenent range as a function of a
variation in the demand of the linear conpressor, so that the linear
conpres- sor wll be kept in resonance throughout the variations in the
demand of t hefregeasicyng system so that the value of the neasured phase will
be null. 10 The teaCh'F@rPcﬁerOEhé Bﬁ‘e&fv"eéed?tthé Bﬁ‘é@@ﬁt'rﬂ%ﬁ&ﬁ‘ a@é’ EMSV dBy ! ed out
by neans of a cooling syste J The cool i ng
sys- tem conpmeshagf amaﬂmdcﬁffconmlhmmeﬂimar&ommssugm!w dompeaes sleppressor, a
| i near  compr Sf ﬁ%%s&rﬂ{épé tetla"h epéfscfn??e(fgréu\‘r%ﬂt D¥a Q dthr%?cr QHH.%F Qf 4 PI Ston
having a displ acenent range contro means contro voltage
t he con 155t r pistardofitiog tingps choopresgon andlmageriﬁgmmyrsbiopla redastmed he |inear

d ad i ' f_ A I
bei ng dy- nanPhare grddyfafcARr aalthd B dsplasmeAffiof sl AhBlbrfbly! I oM
cool i ng syst enar!ammlmgladlmnqmﬂ:fdueﬁhem compresiser, Boﬂlaiﬁhe limgas comprese I | near
COMPr eSSOr . B6r wh ARy FPRBRARY whRKNAY Ao LERARALE b RANERCH 1d e

processing uni € range of piston dlsp ement so that the
| i near conpr essaingwystembso thdwiawahaldfwmmsweﬂ ptesendhbe ntuthr oughout t he

hrough TH8 control | edMSSHe RS pEkRhOB et af% ABEF FAREH SRELY T e ter
t he inverter dgaasiofaldoglirarsystars comprising adiokaacpenpresssgo,cthe cooling $ys- cont r ol | ed

conpr asor f“e Egméﬂsﬁf?ir* §ﬂ%§a@%§rgﬂ§9®$@ 'Irs‘?cogﬂféﬁévgggﬁnrﬁéﬁﬁib e ef
Descri pti on otofmpres&vrasanpgisin pisters driven by erlineamm a pistond@vitgseri bed in
greater detai| rg&ﬁa&gmen ;a?\gg %‘?\tr%ﬁ)eda BP Cr’r?éa'rqgntfsa rcs&ro%& rvoﬁggé, Whé hc nfjr aw ngs. .

The figures s
15 trolled voltage having a voltage frequency applied to the linear motor and

adjusted by a processing unit, the range of piston displacement being dy-
namically controiled iﬁ junction of a variable demand of the cooling system
during the period when the thermostat furns on the linear compressor, the
linear compressor having a resonance frequency, the processing unit adjust-
20 ing the range of piston displacement so that the linear compressor will be
dynamicaily kept in resonance throughout the variations in demand of the
cooling system, the displacement being adjusted through the controlled volt-
age by means of a variable frequency inverter, the inverter dynamically ad-
iusting the voltage frequency of the controlled voitage to a value equal to the
- 25 resonance frequency of the linear compressor, as the variations in demand of
the cooling system occur.
_B_rie_fD_es_c_rmtmofth_____e_Qr_amg_
The present invention will now be descnbed in greater detail with
reference to embodiments represented in the drawings. The figures show:
30 - Figure 1 Is a schematic view of a linear compressor;
- Figure 2 is a diagram of the control system, of the linear com-
preseor and of the cooling system of the present invention;
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30 - Figure 1 is a schematic view of a |linear conpressor; - Figure 2 is a

di agram of the control system of the |linear com pressor and of the cooling
system of the present invention; 3 07(12/2005, Printed 26/01/2006 ; DESCPAMD
\ISTE8LZ8/012006 gure 3 is a bl ock DESGRAMBY the control system t he 05709228
corrpressor ‘and the cooling system i [1ustrati ng the use with a convent i onal
thernostat; - Figure 4 is a block di agrﬁm of the control system of the
present 5 invention; - Figure 5 is a bl'ock diagramof the al gorithm of
automatic control of the capacity applicable to the |linear conpressor and
the cooling systemof the present invention; - Figure 6 represents a curve

of the load of the el ectigife 9T @rbibdk di frl1BE tHeOgoraol tstmenahu@ernear Figure 7
represents a curve of the capacity of the el ecti;lc m)t in function of the

phase for variS9MPressaggnd ihq:F%ﬂ!fF'% SSStF'E ?tl"ﬂ'ﬂgd %g‘?ﬁr’ﬁ'ﬁ I‘f GRIEREPNR) t he wave
forms of the \gémdsafie network, counter-electronotive force (CEMF), current
of the electric no- 15 tor, position th ston and signal of the sensor
in the situation in whifdgue Saltf?fé‘eﬁ‘a%'ﬁﬂ? gantrol s Sﬁhﬁd’r%ﬁe " he
resonance E4rGavkmtid® = 0); . Figure 9 is a tine dlagramlllustratlngthe
wave fornms of the voltage networ k, counter-electronotive fgrce é

current of the el ectricidyfeddsa %qugﬁmﬁmt?égﬁﬂt@%aﬁtﬁﬂ‘ag?@% ol of % he

sensor in the gyitidigdgaemy é;sbm&biskb fHe- hnbﬂﬂ:dnid?@s’yor aAdNeSlihg byst@Rer at i ng
above the resonance (4ac-~v-$c> 0); - Figure 10 is a time diagram

il lustrating thePwRaee invanignof the networ k vol tage, counter-electronptive

force (CEMF), current Oﬁr?&r@% RipfésehisCa cméafmeneﬁd bfméréctﬁmomrsﬁ on and
signal of the sensor he situation in which the linear conpressor is

oper at i ng el 6%@'H@°F3‘§dﬁ@ﬁ©e ($rc. $p _$c < 0); 25 - Figure 11 is a flow

di agr am of the met hod frgureaiepfkbats &%of'tﬁé‘@é’éacﬁ?ﬁpﬂﬁ%n&ﬁotbhe present
i nvention; - gfre 12 represents a curve of | oad of the electric notor

in function &M ﬂﬁ@orbﬁdbéphﬁ?efﬁr‘ﬁf@uﬁ@@éﬁl ngs of the present invention are
em - Figure 8 is a time diagram illustrating the wave forms of the vol-

tage network, counter-electromotive force (CEMF), current of the electric mo-
15  tor, position of the piston and signal of the sensor in the situation in which the
_liﬁear compressor is operating at the resonance (¢ec=9p.¢c = 0); .

- Figure 9 is a time diagram illustrating the wave forms of the
voltage network, counter-electromotive force (CEMF), current of the electric
motor, position of the piston and signal of the sensar in the situation in which

20- thelinear éompressor is operating above the resonance ($pc« e $c > 0);

- Figure 10 is a time diagram iliustrating the wave forms of the
network voltage, 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 below the resonance (¢rc=¢p-¢c < 0);

25 - Figure 11 is a flow diagram of the method for controlling the
linear compressor of the present invention;

- Figure 12 represents a curve of the load of the electnc motor in
function of the phase, when the teachings of the present invention are em-
ployed, according to a second preferred embodiment;

30 - Figure 13 represents a curve of the capacity of the electric mo-
tor in function of the phase for varlous loads when the teachings of the pre-
sent invention are employed, according to a second preferred embodiment;
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pl oyed, according to a second preferred enbodi nent; 30 - Figure 13
represents. a curve of the capacity of the electric nb- tor in function of

t'he phase f.or various | oads when i ngs of the pre- sent inve
* Kretadk 2681006 ccording to a secoh&n éﬁ@&r ed embodi nent; 4 07/12/ 26@% 8528
Pri nt ed. 26/ 01/ 20061 DESCPAMD 05700228 12 and Fi gure 14 represents a f1 ow

~di agram of the nethod for control- lingothe linear conpressor, according to
a second enbodi ment of the present Invention. 5 Detailed Description of the
Figures As can be seen, Figure 2 illustrates a systemconprising a

cooler/refrigerator with the enbarked electronics. In this case, an

el ectronic thmdnostat 25 is integrated into the cooling system 20 and
supplies a refer- ence i C | cessi ng
unit 22, in turn, con'ﬁd"gg 4FL$'II.?3&{EEQ|§§’ @%@%ﬁ%@ﬁ%ﬁ%@od irjégggﬁﬁ?ng a signal
from the sensting (B8 lioear emppssu] aggotdngtthe sticend embodintenbdf thhergsest on 1.

El ectronic Cop |%I"as Fi gure 3illustrates a cooling system 20 applied to a

si npl e-cl ass %} . can be seen, in this case, the cooling system 20

supplies oaly ataulécSD&sg@bnbhﬁte mmrasthe pr ocessi ng unit 22 on and off. In

this way, the cooling,sys_t em 20 c th S f oreseen
I n the cool ers/cooli né\s Feﬁ%enf qurgmﬁi&t% rygtgﬁ'! gﬁé‘@ﬁg i%cs.
Mor eover, w tbod!«br'lrefngertﬁtbrrwm trenembidrkeq eleciraricadn dinis tcale, ameletimnint egr at ed

e e RS E PR S sBht Bliilap B By AL o

in an equi prreamcel\snglheﬂfogﬂ'nefﬂrezedslriglLIn;t 22niThe pearepsing diniti 22h irpfuet esn-of

equi prent _of e .ori. art ensor 0_associ a to _the
orocesst ndCunlBE 158 liffer 2oiraiRaBt Pl Ftelort B Ahe TR AT SFSRY ST it ' e

| atter comes spomiing to thedisplacgmenti of thestistoké. end. I n practice, m nor
variations in e i stroke correspond to great variations in the
capacity of ZE@Mcomressor so that, by way of exanple, for a
maxi mum stroke of 8. Etgmre Gmmstrmemm&fg igs}em ko appﬁledmra sitnpikelassoul d be

32??; |6 oﬁ p;nn cga??arp ?%tq’%' be sése% t|n thzlse ange. the coolmg sysafernuﬁo suppheg fonlgsftar oke.

15 signal that turn the processing unit 22 on and off. in this way, the cooling sys-

tem 20 can dispense ali the electronics foreseen in the coolers/cooling sys-
tems that comprise embarked electronics. Moreover, with this construction
the processing unit 22 can be integrated to the linear compressor 100 (see
iqdication 31), which may be supplied for various coolers/refrigerator/cooling
20 systems 20 manufacturers, resulting in an equipment with high flexibility
when compared with pieces of equipment of the prior art. A proximity sensor
30 associated to'the processing unit 22 will provide the position of the piston |
1 when the latter comes ciose to the respective stroke end. In practice, minor
variations in the piston stroke correspond to great variations in the capacity of
25 the linear compressor, so that, by way of example, for a maximum stroke of
' 8.5 mm (maximum capacity) the minimum stroke would be about 6.5 mm
(capacity close to zero), that is, about 2 mm of stroke variation range for the
capacity to vary from zero to the maximum. ‘
Figure 4 illustraies a detail of the processing unit 22. As can be
30 seen, the processing unit 22 comprises a microcontrolier 40, which contrals a
TRIAC 41 through a gate 42. The microcontroller 40 receives the signals of .
detection of zero of the network Vag voltage ZT, as weli as the zero signal of

. | - oirsents



capacity to vary fromzero to the maximum Figure 4 illustrates a detail of -
the processing unit 22. As can be 30 seen, the processing unit 22 conprises
a mgracontroller 40, which contragl.s TRI AC 41 through a gate 42. .The.
rﬁ%ﬂ%cﬁﬁ@b’@@ﬁ 40 receives the sitd ,_‘%AMP det ecti on of zero of the W%ﬁk
VAC voltage ZT, as well as the zero signal of 5 07/12/2005 Printed

26/ 01' / 2006 DESCPAMD 057002281 13 . t current ZC at the exit of the TRIAC
41, A displacenment reference signal REF hay be supplied by the cooler, if a
cooler with embarked el ectronics is wused. The main signal for the present
invention refers to the displacenent signal DP, which is obtained fromthe
signal SS of tthe cpmentiZ@ atytheaxitaf 0T RIASN4. tﬁndlspbhm]em rbferenceatignd] f or

0301080. 1,1 ndal Bt BRI BEHELRRIEE 1 REBpit b SRR MABHTH . once.

Optional |y, onmsedaVhe swirt bignalafor ¢heopresérd uhwﬂon uefesnto thé d:sniammmhent

glﬂ}c Lg[ (ranr;?lt fsr ?:g%q%bgpo‘s”gtcﬁ é’%?&h%%(szﬁ?rp @? sxﬁg sur e%g&’Q ro?t?AI gorithm

Fi gure 5 i 8 usndahatshbhid lm!tmtéd,limlasiamedacrgar@og@meneachmgscmllamit of the
oo 1 ed to. ¢ nddi Patedl eftirt £ Sab Meerfithd et ERnoR ot e oI ot cocor -
100 i n resonarieeein Ay refarenbe. Gﬁm:malhir,rmnemwwedheabmaloiﬂm febed cuméntds of t he con
15 troll ed vol tage V Necess .1 o cal cul at hase opc,
whicho s obcBrRerpitslfersd T 75r @h e Subdist anffods MARE P ReBE Sy and e
cur- rent fee(tam‘aﬁestmems erB’ﬁeFtcCﬁvetlﬁK‘cor%tﬂileasmemembatlon of the current
phase or f edgqﬂz&m_%h&nade fromthe zero of the current ZC and fromthe
zero vol ta@ eas the calculation of the piston-displacenent
phase or dynam ¢ phas&Figlteissilustiates the algotithen ad:mdmgdiaﬂisaemmneﬁtgnal DP
SB? e];r[ |O(Tnt 21? tzq(ig"o‘? @fgﬁet HEY?E '?Sbf“Ph‘éﬁ“f\gﬁaﬁcefhcﬁ‘sﬁt"°'¥m%e%ﬁﬁg§ 5{/8 ;hgassage
by zero, whi clappited tb theHinearit ma@ssi0; so that one can keep the linear compressor -

100 in resonance. As can be seen, in order o calculate the value of the con-

15  trolled voltage Vi, it is necessary to calculate a measured phase ¢Pc,‘WhiCh.
is obtained from the difference between the dynémic phase ¢p and the cur-
rent feed phase ¢c:

brc = 05—
20
| The calculation of the current phase or feed phase ¢ is made
from the zero of the current ZC.and from the zero voltage zero ZT, whereas
the calculation of the piston-displacement phase or dynamic phase ¢p is
made from the piston-displacement signal DP and from the zero of the voit-
25 ageZT.

Further with respect to the obtention of the feed phase ¢¢, the
feed current ia may not have a passage by zero, which would make it possi-
bie to capture a pre-defined moment for establishing the zero of the current
ZC. This may be observed, for instance, in Figures 8, 9 and 10, where the

30 feed current ia remains at zero for a certain period. In this case, one should
consider the pre-defined moment as the average point of permanence of the
feed current is at zero.
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ble to capture a pre-defined nonent for establishing the zero of the current
ZC. This may be observed, for instance, In Figures 8 9 and 10, where the 30
i.A remains at zero f ain period. In this case,
Eﬁ@%ﬁ Eé@i%@pﬁer t he pre- deflned[%%%QE?&@é t he average point of per§%9§%2%§
of. the feed current i A at zero. 6 07/12/2005 ' Printed: 26101/ 2006,
DESCPAMD . 05700228 14 From the val ues4gf the dynam c phase $p and the feed
phase 4c, one can obtain the value of the neasured phase $PC and obtain the
reference value of the maxi mum piston di splacenent DPREF (di spl acenent that

one expects to achieve a defined Ehy5|cal position). This value may be
obtained 5 by neans Bfom He valugsiof thendwemic phiase dpanddhe feadrhasefter ence val ue

of maxi Mum pi §leDEhrCbHRh WSV of tﬁPhéagﬁeB%ﬁas@wcaadaeduam fmé féteidel Cient to

subtract fromit the naxi num pis- di spl acenent y the equation: 10
EDP =DP%- - DP/alug 8f the, msisiraum Risten érﬁplﬁcemanwl’mp(wm}er\t &hdir®fce maxi mum

pi ston displ é&%ﬁﬁ% a@ﬁ@?g aat{;léﬁné@ﬁhij@éﬁi BHERGH). ’Ph|§t\@ﬁ‘:e4h§§)b@%@ﬁﬁd DPMhx.

Fromthis result possi ble to obtain the value of a control volt 15
age VF, S|%c@!@?a%Pfdbeﬁgoﬁthﬁlg%ﬁ 18 the error EDP. This relationship

may be observed in thgecd |y @Yéf‘gﬁﬁnvhﬂefbﬂ‘rﬂﬁlrﬁém Eﬁﬁfne'd& RiémBRY Cchange

increas- ing capacity wth increasi may change decreasi ng

capacity w tRPrredieeRopngbloimmdrit 'Wllfgﬁ‘miﬂ@ §@Pt§ﬁ‘3t frae ihille raAYHUISRIS- f or _
i nstance, a ttbﬁ%spléde%g{ Pgﬁ%ﬁ%\/\ggﬁ%ﬁﬁﬁ_ a PID algorithmto alter DPREF;, in

this case, the cal cu- be made fromthe foll ow ng equation:
DPRU=KPXxoPD+KDx~ ~T ) +Ki x! Fcx5T 25 wherein Kp is a proportional constant,
KIDis a ¢terived constant and Ki B3 =P, I-I”IDR,Q,I constant, as known fromthe
cl assi ¢ nonenclature in control. If’urther one may directly increase or
decrease the value of the control voltage VP, since this value if a

function of 4pc. In U sshife tﬁh&\@\f‘eﬂp%w%mf%ergﬁ o hiBinyrd bistghne Y

change increasing capaci t increasi ng ge decreasing
capaci ty wi t rdisriae mtmfnmndsf@emmmnmotmswwmqemrﬁ mmey al so use sone.

traditional method sughy@gideSuil dpddsibi fobithih fhe value of a control volt-

18 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-
ing capacity with increasing DPrer, and may change decreasing capacily
with decreasing DPgrer. Altemmatively, one may also use, for instance, a tradi-
tional method such as a PID algorithm to alter DPggr; In this case, the calcu-

20 lation would be made from the following equation: |

DPyr = Kp X e +I<Dx(3g;c)+mxj‘¢,cxar

25 wherein Kp is a proportional constant, KD is a derived constant and Ki is an
integral constant, as known from the classic nomenclature in control.

- Further one may directly increase or decrease the value of the
control voltage Vp, since this value if a function of épe. In this case, in the flow
chart of Figure 11, one may change increasing capacity with increasing Vp,

30 and may change decreasing capacity with decreasing Vp, so that in this op-
tion one may alsc use some.traditional method such as PID algorithm to alter
Ve from ¢pc by using the following equation:
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VP from $PC by using the foll owi ng equation: 0711212005: Printed:,
26/ 0112006; DESCPAMD 05700228 15 VP=KPxoPc+Koxl a~i | +Ki xj oPCxat The

\}gnstants are _the sanme as descri b(serg 8&%@@ 5 From the val ue of the control.
Jinftage28/@12008s nossi bl e to adj udtE ntrolled vol tage VM by 5700228

calculating the trigger angle of the TRIAC. According to the graph of
Figures 6 and 7, increases in the sys tegload (increase in room
tenperature, increase in the thermal load in the systenm). lead to a
decrease in the system phase. If this increase in the load is 10 |large (see
dashed line wth indication of "maxi mum|oad" in Figure 7) the phase wll go
on to negative values; this can be conpensated by an increase in the

capacity of the system (in he( pgst0 which will in-
crease the phase, so that 2£c§é§§¢W$kPﬁ rgm ﬁ?% f ﬁe capaC|ty | ead the
phase to the zero value, that is to say, the systemw /|| be operating in
reso 15 nance. In an equi val ent way, a decrease in the |oad (see dashed |ine

wth 1ndication of Ml @Hlae th'simd éeg%anbwseferese wll goto

positive values, and S variration can e ensated by an increase in
phase, so that suc- cebomthe Vﬁjw%nemscmb'ald\!cﬂthgewwmie pefssiblestop2rdiy® t o zero,
that is to say n | ' 0 As far- as the
manner of maki tﬂgkpﬁteo'%?P@se\ew%h%Q@ﬁ@%@?&%gggbﬁlﬂg?%ﬁlggqﬁs %oncerned t he
readi ng of the feed phésmwrding imthet graphiphBigines Brande?, ingreasasrip tg/ sy or

sem -cycl e sh d ey Cis

di fferent fro%g@e‘%g('bg%gtéz%ﬁﬁogﬁ‘) tsey gér%@séhc?ﬁf ggcni? g%%ggﬂalﬁﬁgéﬁ tﬁgton

di spl acenent, syﬁttm)H@drfeaidtﬂetgeaa‘e it e sjpteamphasehl this mpteaﬁewmelm;tie 25

accordi ng ty .71 9, which
IS incor poid;t e%'%r? @@8% E'ee%ﬁclgh npgﬁ%rg@gq%%"t'ﬂe '%‘9%?@%\9% s shoul d
t ake into congiteee adil gmon tmeegaéiaewabas.dmlspaebeygmemaatedbasmmsease t he

i ncrenment/ decr; | ue of the
i ncrement i decr"gﬁﬁza' ispﬁﬁysgsg%ﬁl(@ﬁ%%&,snt@ f | Zat t?aoi%ﬁ)i ihich i Vﬁ'f H.g

required; in tdﬂeaaﬁotﬁtermaﬁecaedhatt Mcssm incwmantmm hamapaclm leag theorter.

Typically, th r%%égb 'u#ezﬁb%lu%' t%eﬁa%g thB%?&an*\ﬁ:ll%%’b}Pe%tf?@txﬁ rflo-the

conpr essor t| e cooling s
15 nance. In an equivalent way, a decrease in the |oad (see dashed line with

indication of “minimum load" in Figure 7) the phase will go to positive values,
and this variation can be compensated by an increase in phase, so that suc-
cessive increments lead the value of the phase {o zero, that is to say, the
system wilt be operating in resonance.

20 As far as the manner of making the increase and the decrease in
phase is concemed, the reading of the feed phase ¢¢ and the dynamic phase
¢p every cycle or semi-cycle should be foreseen. So, whenever the measured
phase ¢pc is different from zero, the control system should actuate on the
piston displacement, and the reading of the dynamic phase ¢pc may be made

25 according to the 'teachings of Brazilian patent document Pl 0300010-9, which
is incorporated herein by reference,

The amplitude of the decrements should take |nto consideration
the reaction of the system in response to the increment/decrement caused by
the controf system. Thus, if the value of the increment/decrement is high, a

30 longer stabilization time will be required; in the contrary case, the stabilization
time will be shorter. Ty_pically. the stabilization time depends upon the con-
stants of the compressor time and of the codling system. By way of example,



8 07/12/2005 ' Printed 26/01/ 2006 DESCPAMD 05700228 16 one may opt for
awaiting a predetermned tine, for instance about 10 to 60 seconds, or

moni tor .the system phase until the.latter remai ns constant. Cpt|o§g¥$$§.éf
Prnteds26/B12008 use variabl e | ncr MERERAMY enent val ues. In this casd2fP§2gt
measur ed ‘phase oac is large, one may use larger 5 increments/decrenents,
and decrease this value as the value of.the neas- ured phase $?c cones close
to zero. In this case, one may opt for a refer- ence value of 1% of

i ncrement/decrenent. Figure 8 shows a tine diagramillustrating the wave
forns of voltage of the network VAC of the counter-electronotive force
(CEMF), of t hene 8y opt forrawaitibgaf ptedetermined timep farrinstanceoébautd04¢ $0on posi ti on

QP and of the %:0 @sglr%ﬁfg)gtghemg %ﬂsp%é%esg@ﬁme lgfi'&trel?ngm@onkﬁmt[ he situation

where the |in& i'n resonance, that is to say,
when CPC = op . ~c = Optidmllgait ibepossible, to nse hvarigble uncieoentfeargsentance, the

pi ston dis- placenent.i Il,oum when , t e e ' | i near
motor 10 15 YAEe %&F )h Wﬁ%?{?d\ﬁﬁg%e? qsgér*éél mt @A!g'%%(#&‘rhom
measur abl €5 si gaahrehtsé@cmderﬁat arehdéfigasel thistvalue eotiei valos of Ithemaaas—corrpr essor
100 operates in

ti m condi sin urrent i A
passes by zer‘f)"egltp?’g "‘-'nﬁ?fﬂﬁst c\tﬂﬁ%ﬁdfﬂg @s %Eﬂg@ﬁ néﬁt Sgtlon inits
path, that i serice vale of 1% obincesentijectementent of maxi mum d| spl acerrent when
(here 1,10 need {07 R RPRLASA Sl ahBR IR ikt g PRI 1o P50
CEMF ar e naxi voltage ohrel natwark \I/Jae)f me&tcmntet—elemtrbhmtwmmrceatdmﬂ wvttheay '
possible._ln Figure one can rv, tha the.li r compressor 100 is
oper at i ng16abo%gf'f1@°?g‘§gﬁ‘§ﬁﬁ@°?°fa§t ﬁgepla °§d§?5’t'f’ﬁg%'ﬂﬁ?—'°f@e 08Ty with re-
25 spect to tthe pfedriteseriseninot éhmﬁn)tirilmelsmaam wlmérerthdﬁh&ab' Bompiessarase, fthﬁ
equationis e the capacity of the
|l i near com pres'§8£%68®f Onazﬁg Rgﬁg%ﬁt anﬁf 'z"agte6 Via. It can be
noted that, in this Aas tdaﬁthe)ﬁeen/\/ﬁﬁﬂhé hmanbstoirreéonamce.t trmpﬁstrfummh spl acenent
of its path when

|i near ot or glacfgortéq"g":igdn%@amgwppgﬁg g‘e ?%ir}'té I A'A?]% H‘gdg'?%ﬁa'g& ﬁg t/gl Lgeat
this nonefs. pgasees By zerd, @ mbientahen e prakimitg sehsanrmmssdw infeasurablet he nonent
when the pi Stsggnajr(siese ir?ctﬁcgtg% 80). In this condition, linear compressor 100 operates in
optimum condition, since in this case the feed current iy passes by zerc at
the moment when the piston 1 is changing direction in its path, that is to say,
it passes by a moment of maximum displacement, when there is no need for
20 ' application of force onto it, since when the piston 1 is at mid-displacement
(see indication 82) the feed current ix and the CEMF are maximum, impeiling
the piston 1 in the most effective way possible.
In Figure 9 one can observe that the linear compressor 100 is
operating above the resonance, that is to say, the CEMF is in delay with re-
- 25 spect to the feed current is of the linear motor 10. In this case, the equation is
bpe = s - 9 > 0, and one should increment the capacity of the linear com- ‘
pressor 100 by raising the controlled voltage V. it can be noted that, in this
situation, when the piston 1 is at maximum displacement of its path, a mo-
ment when no feed current ix should be applied to the linear motor 10, the
30 feed current is already has a significant value at this moment. According to
the same situation of phase shift, at the moment when the piston 1 is at the

middie of its path (see indication 90), a moment when the maximum feed cur-
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m ddle of its path (see indication 90), a nonent when the maxi num feed cur 9
07/ 12/ 2005 Printed ..26/0112006;. , DESCPANMD 05700228 - 17 rent in shoul d be

applited . to the.linear notor 10, t_he% 2d.current i A has al - ready ungergone
ﬁm@ﬁe@euﬁﬁoﬁts | evel , so that iPF ﬁggMB si‘tuations there is a ng%(gé)%es

energy and, therefore, a reduced efficiency in the operation of the |inear
conpressor 100 as a whole. 5 In Figure 19 one can observe that the |inear
conpressor is oper- ating below the resonance; in this case the CEMF is
advanced with respect to the feed current i A of the linear notor 10, and
the equation is then ~PC = ~P - +c < 0. In this case, one should Increnent

t he capacity afnt heshouldeze apgliedrtoshe divearlroGtor 110, theeed harranisi bas eperating in

resonance. 10 e ' P ' td L. Ln the
phases, whi ch'éégﬁgﬁ%é??ﬁge $pﬁ‘é#§rgs%@rr%‘r%{§%';grao %‘gﬁggﬂereé'&eé'%aﬁ%%e%\%}é e"%' ficacy,
since at the aastetofwhergytdnd, thestfone, direqricad effisiency in theopenation of thet uat i on on

\glgisgrvgot hgfeq.ﬂ%é]:#(gﬁﬁdejsérsl%%g% \pﬁdg_ppl led to the linear notor 10, one can

current 1A is not null. Mreover, at .the nonent when
the piston8 is 15 at inHEguredid aneodant dhsediedpatdbe linevar compeessords opei-on 101), a

nmonent when a | f f urrent 1A he i t | i near
notor 10, the ?‘@@e%“%e’r?t‘&%d{'ﬁ%s mntg[}’ ?%‘a‘s?it@%%g%olgt%g%?@ﬁ&%m%b%gse t 00,
the |inear conpribstesd cugent ihabthetlisearrmoter #hend thelegation isAhen beatdson i n

Lincar Conprospal s dhiSLLe HE Shbild 1Ambit 0 Ea flPEOiS Ahech Wnhit. o, System

of control- | I near conpressor have t OW ng .characteristics:
The |inear comurdf8.de haoé thecsystans operating istresonin@nd is driven by the |inear

TP o e ot A€ 8 ok P AR CERle 8PS { e Libelifrainy o <
vol t age- f r equestigh t&useSlike lineay eomprosser toropérate with lveefficacyi sindyatthecal |y
oL Ene” . BobARIARTBlodER dABARGE RSPBOTHE' 5 SHBR BETIELET 20,
ment, so that fabdzchﬂremws_m@heamiedmmadinbhr fhetod Y0 ameccah lopsérpthatn reso-
T8 L 0U9noth st B RRE R PERBE it PR BEMBLR R Rt e
- 16  at the middie of the dispiacement (see indication 101), a moment when a
maximum of feed current ix should be applied to the linear motor 10, the feed
current i is not maximum, so that, in this case too, the linear compressor 100
has its efficiency reduced. , |
Application in Linear Compressors
20 Structurally, the linear compressor 100 and the systém of control-
ling a linear compressor 100 have the following characteristics: '
The.linear compressor 100 comprises a piston 1 and is driven by
the linear motor 10, which brings about a displacement range that will be
controlled through the controlled voltage Vy, this controlled voltage Vi having
25 a voltage frequency fe. The range of piston 1 displacement is dynamically
controlled as a function of the variable demand of the cooling system 20,
through the processing unit 22, which adjusts the range of piston displace-
ment, so that the linear éompressor 100 will be dynamically kept in reso-
nance throughout the variations in demand of the cooling system 20, that is
30 to say, so that its displacement range will be adjusted throughout the
changes resulting from the variations in load demanded by the cooling sys-
tem 20, impelling the linear compressor to operate in resonance. The system



changes resulting fromthe variations In | oad demanded by the cooling sys-
tem 20, inpelling the linear conpressor to operate in resonance. The system
10 07/.1'2/ 2005 '-Printed , 26/ 0112006 DESCPAMD 05700228- ] 18 of controllin
‘thrrinteq:R8401/200Br essor 100, when t HESCPAMDEol ati on, should be appl i BEFIQ23]
t he | i near conpressor so as to nake the dynamc adj ustnent of the

i spl acenent range, to have the |inear gonpressor operating in reso- nance.
5 Application in Cooling Systens The co0ling system 20, which nmay include a
cooler/refrigerator or an air-conditioning system and anal ogous systens, as
al ready comented, should conprise an on/off thernostat actuated by the

| i near conpr esd @ontidithg thedinbaveonpjressoarige, wherp'ta:tanm tSotgtibacstrorid belynam cal |y

controlled as _a_functi 0 of the variable d of the cooli system 20
during the peﬁDBIﬁc etﬁ(%{c‘ﬁ e APREEY tsotﬁﬁtﬂén?e‘}%q'ﬁﬁé’yn?rﬂlgﬁd’%wgsor. The
processi ng unithe dBphdoement ragaatn bald theakheas icoripeessan gperafing irs reso-

di spl acement, so to keep the linear conpressor in resonance throughout the

variations of "§8ffnd of the cooli ng system20. 15 In order to control the
l'i near congr e#pplicaliad in Coelina@stenls system and the cooling system 20 of the

present invention are rOVI t hod.of contr e linear
conpressor 100 that fol X Q%@%@\ﬁc‘?‘mﬁa}maymc&‘gﬁ%@@ ”ﬁfpa'?r(j&’(?rll. The
cont r>o: I O\éer tdfneal E} |r—ea‘r@ﬂlwboafn_gmysteﬁﬂaﬂzd dn?alpgmgesyswmsi Sasmﬂtéedjwom&fbpmdans ?f a
controlled volta Leh ] cessing uni n
order to adjusf*® @ﬁgo;n (/&S a%pnpﬁéheg{;l g?‘ftﬂ%‘eetﬂf 'g%@" ﬂ ngt f or

fol I owi ng tge rt:b eamihggmgﬁf of&nMMBblB&Mt?yﬁardmeWMro%d a98 Mr&ﬁerOB which is
i ncor por at n er en cation ors earing in
g §hat Bu o6 UF uRbleferraitane R5fia oo Pt F8 et SR B *° o can
make use of tlﬂeerhmatahltmgs onfthbhnaeaf eaﬁn-‘essdnvmé |pmsce®sing unitlzneemoum)tor 10

is ca

Shoun) “has ¢ naveamEaRLAREFohe opidHef Brendirle ol s FLSE I Heap; "
compressor in resonance throughout the variations of demand of the cooling
system 20.

15 In order to control the linear compressor 100, the controf system
and the cooling system 20 of the present invention are provided with a
method of controlling the linear compressor 100 that follows the flow chart

. illustrated in Figure 11.- '
The control over the range of piston 1 displacement is made by

20 means of a controlled voltage Vi, which is adjusted by the processing unit
22. In order to adjust the leve! of the controlled voitage Vv, one may opt for
following the teacr;ings of a brazilin patent document P] 9907432-0, which is
incomporated herein by reference.

Application in Linear motors _

25 Bearing in mind that, with a control usabie on linear compressors
in general, one can make use of the teachings of the present invention ona -
linear motor 10 applied to other types of utilization. In this case, an actuator -
(not shown) has the same function of the piston 1 used in the compressor
100, that is to say, the actuator receives the force generated at the stator

30 411, moving the load and forming a resonant assembly that will have a reso-
nance frequency.

In an analogous way as foreseep for the control over the linear

11 07/12/200



100, that is to say, the actuator receives the force generated at the stator
30 411, noving the load and form ng a resonant assenbly that will have a
reso-. nance frequency. In an anal ogous way as foreseen for the control. over
thiated:26401/20007/ 12/ 2005 Printed 2’-%3@?4\&@6 AESCPAND. 05700228.  1905700228-
conpressor 100, the actuator has a displ'acement range that will be con-
twr'ol | ed by neans of the controlled voltage VM fromthe processing unit 22,
so that the resonant assenbly will be @nam’ cally kept in resonance
t hroughout the variations of |load. 5 The control over the |linear notor 10
may al so be made by neans of the processing unit 22, which neasures the
feed phase 4' godpresber 18 Ahe Wictudtienhad 4 distllaceinenh Garenihat ailbbasendi p, in
this case of 'th ct uat or {%t her tpeénof}f@g ph? E_jﬁton,- and ad{ég ts the
control | ed volTPESEOX Meats ot hecopiralegyoliacs Vi dmin hafiiceseno BLSZ S wil | be
nul l. 10 Al sothabltfe feegnam serhbly vl bé Bpaimitailydeptlid rbsonantd thréughaut abl e fre-
guency invertﬁ{, Wthh sriuou d be dynamcally adjusted to the voltage fre-
quency fvm of MEERNEHRS 92 vol tage VM to a val ue equal to the value of the
Egsonalncﬁeﬁaeguench/)hofrhbfxgntr@lmaamblﬁgé?ﬁﬁ&b?o may ble bleQﬁéHe/ta}ﬂRabﬂ:s)ns oceur.
ntro t ho ase, ust ment n order to carry out the contro .
met hod, the pPB@éﬁ???@s'Gﬁi 22, wﬁghir@qﬁsgrqsﬁgegegﬂdagaﬁ? %P@F‘Brﬁeqd H'spl acenment
tg_rou?ho?}1 tgﬁermlneirﬁid:f(llt‘ie 8jndriie phhsd'@in tﬁ?@ﬁ@&?ﬁé at@ﬁ;oa?gthdrytna:ﬁrgﬁal lé f
adj ust s e displ.acenment range as a. fupction of a variation in demand o
the |inear cofﬁff%@&r aﬁ!@@,‘”‘%“g‘" %W'F’HI@JV?'F?@%V'@&%W@E%V@% ohith§ be kept

i n resonance hsaouelphasé s wilbeaiulons in 20 demand of the cooling system
20. In orqér to inpel the |inear conP eﬁsor 100 to operate i,n reso- nance,
one neasurgs the feed gre maygoniroktaa fnearmater 19 by Usiee 8 NarsRiedRt ¢ phase

~p of the pishoendy iAlerdre whichesHould BB 'dyagRcalhd ddjasidd 1B ane! BRadd fredi f -
ference between the neasured phases to _establish the neasured phase ~pc. 25

After the steBusicydur biessaniglied xoliagg M oA yalde @qypldo tagyalugigbthel i ncr enent
the range of RisphartelirdtjuRREPERHB REsonBRast&fbly s e MadVafiatidRazeied phase ~pc

I's positive or, a st eg' of decreasi'ng the range of piston |
Control Method by Phase Adjustment
15 In order to carry out the control method, the processing unit 22

monitors the range of piston 1 displacement throughout the operation of the

linear compressor 100 and dynamically adjusts the displacement range as a

function of a varation in demand of the linear compressor 100, so that the

linear compressor 100 will be kept in resonance throughout the variations in
20 demand of the coolling system 20. _

In order to impel the linear compressor 100 o operate in reso-
nance, one measures the feed phase ¢¢c of a feed current i5 and the dynamic
phase ¢p of the piston 1 of the linear compressor 100 and measures the dif-

ference betw)\{een the measured phases to establish the measured phase ¢pc.
25 After the step of establishing the measured phaée drc, ONE

should increment the range of piston 1 displacement when the value of the

measured phase ¢pc is positive or a step of decreasing the range of piston 1

displacement when the value of the measured phase ¢p¢ is negative, and

one should always increase or decrease the displacement of the piston 1 to a
30 value necessary for the measured phase ¢pc to be nufl.

By preference, after the step of increasing or decreasing the
range of piston 1 displacement, one should wait until a stabilization time has



di spl acenent when t he val ue of the nmeasured phase $pc is negative, and one
should al ways increase or decrease the displacenent of the piston | to a 30

| ue .necessary for the measured phase .4pc to be null. By preference, after.
t%‘@”‘t%’e%ﬁ/@? pﬂér easi ng or decr eaerﬁSgﬁ Qange of piston | displ aceR@f0228,
one shouid wait until a stabilization time has 12 :07/12/2005 Printed.

26/ 01/ 2006. DESCPAMD 05700228, 20 pass;od bef ore neasuring again the

di fference between the feed phase 4c and the dynam c phase $P. Control

Met hod by Adjustnment of Phase Frequency According to a second preferred
enbodi nent of the present in- 5 vention, another way of controlling the
conpressor t o passad befotehmebswipgeagajn thepdiffermdce betwemnntbedeed phasepcit wil |

al ways operatl In this case, the control is made through the
vari abl e frequg'géti'/?d %m9§|i5%§¢5 varl abI e frequency inverter (not shown). In
| H ne .

this way, wherCadntre ¥ Ad|ustrolen gaancgonpr essor 100 i s changed,
there will also be a c n P tem which
wi |l be detected by th‘l{e&:%glqﬁlg’rlt IE? ?%}%e&rgp eghg%%sglg%rﬁ Of%%érbgﬁﬁynﬁ in order
to alter tlbe fvreetrpremythr’eowayrmécommllirrgrthesmmptassopmmmoi ther feaqueanre. Thi s
control is dy . cal th frequency fvp,

t hrough the v%?%‘%ﬁg H'g&’iﬁogeqpn't‘gﬁtae‘? %8e%§?‘n9§'| {?gg'i%gl to the resonance
frequency of the |inedn thisepses ds®corktftd js madé theoudhbtheasariaiie drequemcydenmand of

t he cooling syst C Tewa LS kind Lust ment may
i ncl ud}e, forI i’i ufgm ;a?:@%mzqf‘l%"‘fyrfﬂ Ehﬁﬁ%@"ﬁ& nbiﬁ{gﬁ?@ggbite f eed
current or e @p & figedr kembresgore1ilyis chamged, there © n ween
current anl% NF n F| re atq t he | oad

i ncr eases, "ttﬁE '?ae?fﬁ@ﬁﬁiﬁ %Oﬁﬁ%sﬁt%aw %N@lr E%F“fégy“\.i.%&@'&?és and one
shoul d incr e syetetn ofttbe rpmat:mvsmmamamderyto dlter hm/faeqdmacxsfmttmﬂper ating in
resonance and _ Vi ce: vers .When t a ses s, to iS58 t he

syst em shoul d PFesot Pe%Pseé HbfeﬁPE%ﬁ? i '§tCP8§@/'§: 'ﬁ}‘})} ?ﬁﬁ%’ég‘ap 100 and,
when the frequenthe valiage degeencytfe thwogh dhe sarsztbwﬁebmﬂcgl io\egtegaipea t he

st roke/ capacr ref er odi nent of-
the present Hé@ﬁﬁ%ﬁﬂ the reéonﬁ%ugnqyoogéﬁ%p%eaé 58 ‘ﬁp%g‘@ Sem by
means of. aISS| vahigtich©irl €¥rhand ofpiite cooling system 20 cccur.

The ways of making this kind of adjusiment may include, for ex-

pthdd b

ample, varying the frequency so as to minimize the feed current or else vary-

ing the frequency so as to zero the phase between current and the CEMF.
As can be seen in Figures 12 and 13, when the load increases,
I, 20 the frequency of the linear compressor 100 increases, and one should incre-
ment the respective capacity, to have the system operating in resonance and
vice-versa, when the load décreases, that is to say, the system should in-
crease the piston 1 stroke/capacity/compressor 100 and, when the frequency
decreaées, the control system should decrease the strokelcapacity. in the
25 same way as in the first preferred embodiment of the present invention, it is
possible to operate the cooling é.ystem by means of a simple “On/Off’-type
thermostat, maintaining the same concept of adjustment of the piston 1 (ca-

pacity of the compressor 100) by varying the frequency.

In this regard, one can observe that the basic concept between
30 the first preferred embodiment of the present invention and the second em-
bodiment is similar, that is to say, one can observe the effect of the change in
the load applied to the compressor with respect to the resonance frequency,

.....
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t her mostat—naint ai ni-ng-—the-sane concept—of—adj-ustnent—of—the piston | (ca-
pacity of the conpressor 100) by varying the frequency. In this regard, one
can observe that the basic concept between 30 the first preferred
dﬁbﬂdGMEMOHEGOGhe pr esent |nvent|dhE$®BAth second em bodinent is 305700223
that is 1o say’ one can observe thé éfféct” of the change in the load ~* ™
applied to the conpressor wWth respect to the resonance frequency, 13

07/ 12/ 2005 Printed:: 26/01/2006. =DESCFAMD 05700228. 21 and, with this
information, alter t he pi ston stroke (conpressor capacity). VWth t he control
method in this enbodi nent, one can proceed in accordance with the flow

di agr am shown gg, \E:'trgﬂ"lfs%ﬂaﬂn% fanéﬂ tﬁ&fpiaﬁantslﬂféﬁ@(coa{p%@s%or eapBRAPUT i ng the feed

frequency of the |inear notor vol tage frequency fvp, and
t hen making the conpen¥ih F"@rmmi ﬁﬁ&ommﬁ@mbﬂ@menWmﬁ @ERPrEeddn of a

reference fregues@ndeRwithithe howsd.&?%' hbwA in Flgere ﬁpanJ.!"?ellol.«.‘ih&t fheSe

conpensation step, if the voltage Trequency fvp I's higher than the
ref erence freél@ﬁcy FR, one should increnent the capacity of the Iinear

conpr essor g100. | f thefné@%hhﬁ@ﬁnéf’e@&%ﬁ\?%c{f\:’)Pthbshnl?é’r"ﬁﬁt&h@%ﬁl&?lsrtﬁéer' ence

frequency FR, one shoul d decrease the capacity o | i near conpres- sor
100. To have tpkage fiegquepay fef apthdhen F@B‘"ﬁrﬂ@ﬁ seppensatinh &ff ithig measwe- 15 erating

in the best possi Qi t5PRslid bparéfefent;@ﬁe@)@t:gﬁkn%ﬁnhé 0§y eP5Pbeggor 100

has to be designed to operate in resonance systemis stabi- Il zed
and at | ow cab‘gclty (in this condition, the system should operate 80% of

the tine). In this wa | BEGER s bl al gorithm
will increase the CaXaéM’Q%Bm?eﬂiﬁ%fv%ﬁ%pgﬁQﬂS "H}‘%dse:fér 100§%%5And?‘%her ability
whi ch t he 181 g&an e retesencs frmx@nms FRhene gheuld mr@nentntaﬁumawwrtﬁﬁh@)

freezing. In t i ﬁg‘éel Is e . conpr essor
100 will func'?l %énr or rasélswﬁggpshvhﬁ? ﬁ’gut ﬁéﬁu‘ﬁ%}aﬁ}) |¥‘Fowérr}ﬁaﬁ lt% %‘?erva” abl e
capaci ty, theenthiaquansiiife 958 :shobld deareasmiteicanacity Qfﬁbe hmaar ROMPIES= pacity,
regardl ess of gphgyd oad or internal tenperature. In order to perforr“n this 25

function, the algorithmmay neasure the cycle time, if this tinmeis Ionger
than To have these methods of the first and second embodiment op-

15 erating in the best possible condition for the system, the linear compressor
100 has to be designed 1o operate in resonance when the system is stabi-
lized and at low capacity (in this condition, the system should operate 80% of
the time). In this way, when a greater capacity is necessary, the algorithm will
increase the capacity of the linear compressor 100.

20 Anocther ability which the algorithm should have is the function of
maximum (rapid) freezing. In a freezer, when this function is active, the linear

- compressor 100 will function for 24 hours without cycling; in systems with
' variable capacity, the linear compressor should function at the maximum ca-
~ pacity, regardless of the load or internal temperature. In order to perform this

25 function, the algorithm may measure the cycle time, if this time is fonger than
a reference (for instance, 2 hours); the aigorithm will go to the maximum ca-
pacity independently of the phase condition and will only operate normally
again when the system cycles or when the 24 hours have passed.

The advantages of the proposed solution are as follows:
30 » it enables one to apply the linear compressor in simple systems, eqﬁi-
pped with conventional thermostat and to use the advantages of the
variable capacity;
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a reference (for instance, 2 hours); the algorithmw Il go to the maxi num

ca- pacity independently of the phase condition and will only operate
nor my| | a;%%i n when the systemcycles or when the 24 hours have passed; .The
RRted5eR/014008he proposed sol uti GPESEBAN ) fol lows: 30 . it enabl es §RE00E28

apply the I'i near conpressor in sinple systens, equi- pped with conventional
thernostat and .to use the advantages of ,the variable capacity; 14

07/ 12/ 2005 "Printed 26/ 01/ 2006- | bESCPAMD 05700228 22 it reduces costs of
the cooling/refrigerator system?20;. it optimzes the functioning of the

| i near conpressor (the linear com pressor always works at the maxi num
efficiency); the fectivresanets ofthe dvaling/refrigeratangysess®d; is inproved; 5 there
is a correction in.the punpjing capacity of .the:linear c ressor, adapted
to the need of tﬁe'tc%:gﬁﬁr}p QV%F%%@Q’@Q %Megé ‘CBPPB?SéPre&H%H"W'Went s

havi ng been descri pegbsopaiaays Wotksct thedradmamdfiidiaicy);he scope of the present

i nvention enbraces ot he ossiple variations, .being |limted only by the
contents of the &cd&HB gee T@LEII"&?W?mWEW‘? ﬁ'&?rgﬁ%d’t he possi bl e

equi val ent s5 I15. » 0 ek (28 @brredlionin ¢ puipinbléapaty &t{@ﬂ?ﬁ?@ c&g?p@éb’&& 23
CLAIMS 1. A linear notqr (,10 opgprisipg a stator (411) and an actuator,
the stator (411) b@fjﬁ%teaéﬁwefﬁﬁﬁlerw{?@osy\?%mg@e (VM , the controlled

'vol tage (VM "bei ng appgkimglet@f prafertedrepdbodimmdnts h4vity bésitdeadived, e@deby a
processing unit O%%ZZCK%?% q&rﬁ_%nﬁ_lﬁof a %@LI able fr eegkllenc&l nverter, the _
|inear notor (18PURHNR ng {ighthe s5ape pidhe pregeRtdpvaion PHEACeROMET t he | i near
Eotpr (10) forrﬁd@@b;@ \raeisw,beif\ ﬁﬁﬂsdil_ unlwbythtetmtélrﬁwdfo ,méaecod;]mm?nt_asgehbly
aving a rgsonance frequepcy, the |inear notaor ) being characterized in
that the pqu)cessi ng 10 Gﬁi'%sm% 'Pgug%ﬁ'?ﬁipgﬁﬁ"@a%ﬁa&'e@ﬁ{sr ol a displ acenent

range of the actuator by neans of the controlled voltage (VM,
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the processing unit (22) selectively increasing or decreasing the

GH nge in a proportiongl to the variations of the e
Eiarﬁ@ éﬁ@ﬂéﬂé@ t hr oughout the Ioaﬁwgﬁﬁgﬁ.ons and to dynamcally keé%%@ﬁgzs
15 resonant assenbly in resonance. 2. A linear conpressor (100) applicable
to a cooling system (20), the linear cggpressor (100) conprising a piston
(1) driven by a linear notor (10), the piston (10) having a displ acenent
range controlled by a controlled electric voltage (VM, the controlled

el ectric voltage (VM having a voltage fre 20 quency (FvM applied to the

| i near motor (10) and adjusted by a pEbBBSing unit (22), the linear

conpressor (100) bein ' | ' e (22) is
configured to dynam ca'@ﬁ@%ﬁﬁ%{)zﬁﬁ)ebé}g%@go%anltﬁ@ﬁn%@hﬁi%gégla{gg'enent as a
function of t ke olatardf1 D kainmied byfa condrollesbvoltagedysd.dhe comrqlied voitadee | i near
conpressor (1 ' ﬁ'%ﬁ? : I i Wb (22
adjmast I ng tgeqﬂr}g}]ggﬂ%gg%%g:%ﬁﬁ%l sp éé:cg@qﬁrgg%}{ds%&jp ﬁgta b? E{E’?Fﬁ%}i cﬁcljtm(:)r e)ssor
(100) wi || Sbe (@Mwrmeans 9f Legsiablefraqusncy inegtes, t hr oughout the variations in

d d of th i t [ ' t bei
made by means of -t he-conpiarreabs ] siding Flad o s S5 SRPREETENL e oF
a variabl e frdegrinidg lineae mater, (10h foriningea resonacly asaenidy with dog loadi ihg t he

| t f VM t I |t
vol t age requ?ﬁ%"ai’w&"ﬁ’f&%ﬁ%gwﬂééﬁﬁhéé%ﬁﬁggr (VM to a value equal to

t he val ue of resonanc ency of 07/12/ 2005 Printed:
26/ 01/ 2006 CLNMSPANMD 03hedinear mator d bdyoheaing oharagtedyed isthahthevpriocessingns i n

demand of 4phe | Ug: i s cordi ng
to claim 21t0 ck@?ggtﬁg% %@fglﬁr@c{ ﬁog%:ontﬁi% é’%‘ﬂ??%ﬁ'l‘etd&s‘g%tdgggg v &ge erates a
feed current MeRnstdfthe eantolieciveitagetVedhe 5 |inear notor (10), the

processing unit (22) Wﬁggﬂﬂ&%@gﬁnﬁeJngﬁg%Wy&g?%%rﬁéesinr bE&EasifyiHeent (1A)

and the dynam ¢ phase ( _ T near CoOm~ pressor
(100), the pr displasemgntinange 23 prapestionahmpanner @i theevasiationset theagsehe 10

feed phase (4qhnadfebndiMARLARIARS DalitBliatthl £ivf RUyraRidly RediarRur ed
15 resonant assembly in resonance.
2. A linear compressor (100) applicable to a cooling system (20),
the linear compressor (100) comprising a piston (1) driven by a linear motor
(10), the piston (10} having a displacement range controlled by a controlled
electric voltage (Vwu), the controlled electric voitage (Vu) having a voltage fre-
20 quency (Fyw) applied to the linear motor (10) and adjusted by a processing
unit (22),
the linear compressor (100) being characterized in that the proc-
essing unit (22) is configured to dynamically control the range of piston (1)
displacement .as a function of the variable demand of the cooling system
25 (20), the linear compressor (100) having a resonance frequency,
the processing unit (22) adjusting the range of piston displace-
ment so that the linear compressor (100) will be dynamically kept in reso-
nance throughout the variations in demand of the cooling system, the control
of the pistons displacement being made by means of the controlled voltage
30 (Vw) that is adjusted by means of a variable frequency inverter, the inverter
dynamically adjusting the voltage frequency (fum) of the controlled voltage
(Vm) to a value equal to the value of the resonance frequency of the linear
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phase ($pey—the—proecessing unit (22) adjusting the controlled voltage (VM
0, at the val ue of the neasured, phase ($pc) will be null. 4. A linear
E) H{ﬁ‘g 128@%r ding to claim 3, m{@%‘g AD zed in that the control | 88700228
vol t age (VM i s decreased when the value of neasured phase 15 ($pc) is
positive and increased quant the neasurgg phase (4pc) is negative. 5. A

| i near conpressor according to claim4, characterized in that the feed
phase (4) is obtained froma pre-defined moment of the feed cur- rent (I1A).
6. A linear conpressor according to claimb5, characterized in that 20 the
pre-defined moempresspr (109)f a% the: variatines n A¢maed ohéheesdiagesysten K0)f eed
current (1A ro. 7. A linear conpressor according to claim®é,

characterized on "'that the pre-defined nonment is obtained at the m ddle
poi nt of the perna- nehdelingar conplessat acaendingtto Claiy 2atharactetiz&tbindhatA | i near

(oo s obt ai ik Epfitbied vEAdIdTvia o6hRaRE Yobd St s oy JAR° RUPPT
conpr essor- Sacdioeai matot (103] ai m 8, characteri zed i n that the val ue of the
dynam c phase ($p) is Agor (30)
el ectrically associ at eﬁg%%crtéﬁgn h%saﬁvfé %ﬁ%%g%cfl Qﬁl near conpr essor
accordi ng to clueent @) anldathao:tyaamzephasa (¢ﬁ)h:itthe pistora( 1) of diie timgardpman ¢ phase
(+p) is obtai %g.fofgl?o he position of pis 07/12/ 2005 Printed:.26/01/ 2006

CLMSPAMD 0570 ‘ton (1) displacenent (DP). 11. A net hod of
controlling a linear dbepmresssing(ditoR2) treaslingetne diﬁermpceebsbvee@ltbe)

COTP" ) naeP 308 Bl e b e i HE0R, O el pecbide oL
(Fvp) of the Iphasa(¢eohtier protessirgenip@apadiusting the cantealied woltdge Nu) Isbnear
corPreser (190 UaygB BBHASLAR FRBRRLEBRIYIY, L0011 Fo L 2s Lhe,
(10) and 4. A linear compressor according to claim 3, characterized in that
the controlled voltage (V) is decreased when the value of measured phase
15 (¢rc) is positive and increased quant the measured phase (¢pc) is negative.
5. A linear compressor according to claim 4, characterized in that
the feed phase (¢¢) is obtained from a pre-defined moment of the feed cur-
rent (ia).
6. A linear compressor according to claim 5, characterized in that
20 the pre-defined moment of the feed current (ia) is the passage of the feed
current (ia) by zero.
7. A linear compressor according to claim 6, characterized on
that the pre-defined moment is obtained at the middle point of the perma-
nence of the feed current (is) at zero,
25 8. A linear compressor according to claim 7, characterized in that
the dynamic phase (¢p) is obtained from a signal of piston (1) displacement
(DP).
9. A linear compressor according to claim 8, characterized in that
the value of the dynamic phase (¢p) is obtained by means of a displacement
30 sensor (30) electrically associated to the processing unit (22).
10. A linear compressor according to claim 9, characterized in
that the value of the dynamic phase (¢») is obtained from the position of pis-
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10 conpensating the feed frequency (fvp) by conparing the nmeasurenent with a

i ency (FR) and i ncr the capacity of the |inear
ﬁ{ﬁ?‘g‘gﬁp{%ﬁ% if the voltage f?g-sMﬁg (fvvv) i's higher than the 05700228
reference frequency (FR), or decreasi ng the capacity of the linear
conpressor (100) if the voltage fre- guency (fw) is lower than the
reference frequency (FR). 12. A net hod % cording to claim 11, characterized
in that, after the step of increasing or decreasing the capacity of the

| i near conpressor (100), there is a step of waiting the passage of a
stabilization ton(B.dishbacementffit}d according to claim 12, characterized in

that, aft 20 th t st | f
et after 20 the Pase Rl He o il ek oo Hi) 8Ll eauency o
| i near conpr esxorpréssan ) 100) kembprisiga pistonit)edrb@n Hyl8(ihearaonpior $10)gthe pi st on

1) dri b t.Q th | | ed
vol tage. (v ‘P’ B8RY (Iiedlod'58by o Piyaidiilos in e Bafi 08 ancy
(fvM -appl if%ed quenthFve) ofcthe linedranotbd 0)0) aaddeadijating edcapacity ofrtbedisgarng uni t

(22), .controll t VM generating a feed current (iA) that circu-
| ates in the lcl%gnenig Sgg?@})s( 10), the nethod being characterized by conprising

the steps of: 30 - neathametgodbéing dharhetedzdd-io)thatfit coreprisesdhe followimg (i A) and
a dy- namc phﬁé‘}éft c) of the piston (1) of the linear conpressor (100), and
- measuring the G4t erence between the feed phase (0c) and the 3 07/12/2005
Printed: 26/01/2006 ClLivE&AiiDg Wb G2iBequdbicyl (fagrofdhe Ipgaramatoe$t®Endshi ng a

funct on o a cyBRastg Y R lleraRREhE) ittt R pReslier i B &° 00" e
t he i near comefeperesdmguendyl(FReakedpt i n resonance thr oughout the variations
oo o RBeReE hh 1o’ 4 e e’ St O sl ST 2Y,
in that, afterquentye(fadhigtierdstraheireferenge frbeuem:aiEIRhcdar phase (4Pc), there is
a step of i ncro%%ﬁe'asing the capacity of the linear compressor (100) if the voltage fre-
15 quency (fvwe) is lower than the reference frequency (FR).
12. A method according to claim 11, characterized in that, after
the step of increasing or decreasing the capacity of the linear compressor
(100), there is a step of waiting the passage of a stabilization time.
13. A method according to claim 12, characterized in that, after
20 the passage of the stabilization time, the feed frequency of the linear motor
(100) is measured again.
14. A method of controlling a linear compressor (100), the linear
compressor (100) comprising a piston (1) driven by a linear motor (10),
- the piston (1) having a controlled voltage (Vy), the controlied
25 voltage (V) having a voltage frequency (fym) applied to the linear motor (10)
and adjusted by a processing unit (22),
controlled voltage (V) generating a feed current (ia) that circu-
lates in the linear motor (10),
the method being characterized by comprising the steps of.
30 - measuring a feed phase (¢c) of the feed current (is) 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
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ing the range_of pi ston (1) displacenent when the value of the neasured 10
hase is positive or a step of decreasing the range of piston (6% 685&8
ﬂﬁ@ﬁh@ﬁf1ﬂﬂﬁﬁithe val ue of the nEAMBRAMBhase (4pc) is negative. K

met hbd accordlng to claim15, characterized in that, after the step of

|ncrea5|ng or decreasing the range of ééton (1) dlsplacenent, it is

foreseen to await the passage of a stabilization tinme. 15 17. A nethod
according to claim 16, characterized in that, after the passage of the
stabilization time, there is a new nmeasurenment of the dif- ference between

t he feed phasdyl(uamnc(mmndmtab}ismm:arrpdaasned(phﬁ!)e(dﬁcs A cool ing system (20)

on/of f ther mostat - act CabT AT Prilig b SEheB 3T oBReBRHE R pricton P RLL = "9 2
conpr essir g;gﬁr)tatmnprdemarg! of thedinear Qoh)prdssovem(bysmthdt gmreanearmom Og%gél ?ed
Doi t age. (v - ifRRoRfh St Fra B kb Ine, Goetonf Fgenfie of 9B cncy

{(f M) appl bed cbalirghsystem 20) sothat tid aluard tbajynm‘smhdmhmenmm)ea& ibeg unit
(22), the cooll rg system (20) being characterized in that: the range of

piston (1) di §tacenent is dynami cally controlled.in junction of a variable
dermand of the cool i ng Sy HK mr(oznacodmmm@ dlaien perdhachctaﬁemhemathefterher nost at

L e 1 8 o BABORFRL b Pt s REET e £ 37 G200 2
di spl acenent &t tHeatangheofl plstoﬂlﬂjlﬁvsﬁléﬁémantl mmghe%dlmé.bﬁmﬁkﬁm@bﬁmﬁAlvD
o022t 8. RSP FERB %l R A BF Bl e
di spl acenent plEcegeatyvhen the vaiveoafghe mleeswedlphaﬂel (pst)vohegmtiee. (VM) by neans of
Vol tage frequency of ¢t ALaRYes FEA Y et tytheiicref i v 48 ot e
resonance fr ethestey oﬁhctdmanblmdacreamnylimmnge ofifistpn (t)sdispiacensantat isons i h
demand of t hef&ggeenqg av&éstttﬁe p.(as Cg)ge 9F & Stabilization time.
15 17. A method according to claim 16, characterized in that, after
the passage of the stabilization time, there is a new measurement of the dif-
ference between the feed phase (¢c) and the dynamic phase {(¢z).
18. A cooling system {20) comprising a linear compressor (100},
the cooling system (20) comprising an on/off thermostat actuating the linear
20 compressor (100),
a linear compressor (100) comprising a piston (1) driven by a
linear motor (10}
a piston (1) having a displacement range controlled by means of
- a controlled voltage (Vu), the controlled voitage (Vm) having a voitage fre-
25 quency (fuv) applied to the linear motor (10) and adjusted by a processing
unit (22),
the cooling system (20) being characterized in that:
the range of piston (1) dispiacement is dynamically controlied in
junction of a variable demand of the cooling system (20) during the period
30 when the thermostat turns on the linear compressor (100),
the linear compressor (100) having a resonance frequency, the
processing unit adjusting the range of piston (1) displacement so that the lin-
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19. A linear conpressor (100) controlling system the system be- ing

¢ : ' y conprising a pro | nit (20) neasuring a range
ﬁ@g%ﬁ%%%ﬁﬁbsil acenent and the p@ggﬁs@%qé unit adjusting the range 83}9?1%%
pi ston (1) displacenent to dynamcally keep the linear conpressor (100) in
rasonance throughout the variations ingenmand of the cooling system (20),
the control central being configured to neasure a feed phase (4'c) of a feed
current (iA) and a dynam c phase ($p) of the piston (1) of the |inear
conpres- 15 sor(100), th rocessing unit (22) neasuri ngﬁt he difference

e
between the faeeompressor(190Lwil hendynamically kephinsesorncedhtPusbedtivesni ng a
nmeasur ed phag,grigﬂ?,qg}n dc%]rhé‘n ﬂﬁ@é?dﬁ?% sygg,tn (Qg)g) adj usting the controlled
e va

vol tage (VM so hat the ue of the neasured phase (4c) will be null. 20
the displacenent bei néhedjspiacementbeing adiurtedcbraugb| the soptipliegyeoltagen) by
means of a vatmtﬂyemééﬁéwﬁa%éw%a@éncyti#ﬂ%nbﬂ\{ﬁ% 'irﬁfertgb’aﬁ'iﬂn’ii%lgyacﬁd' justing
the voltage fredquéncy of the controlled voltage (VM to a value equal to

t he resonaficejustiegtheneltags frequency atllie cenlglled yoliagy (Mpd )0 a alugrpgualtpi ati ons in

demand of t he yeORkbikdhceHriquBhéy2 ) the Fiiédr comprdsb (10Y) 2as the variations in

demand of the cooling system {20) occur,
19. A linear compressor (100) controlling system, the system be-

ing characterized by comprising a processing unit (20) measuring a range of

10 piston (1) displacement and the processing unit adjusting the range of the
piston (1) displacement to dynamically keep the linear compressor (100) in
resonance throughout the variations in demand of the cooling system (20),
the control central being configured to measure a feed phase (¢c) of a feed
current (ia) and a dynamic phase (¢p) of the piston (1) of the finear compres-

15  sor (100},

the processing unit {22) measuring the difference between the
feed phase (¢c) and the dynamic phase (¢p) and establishing a measured
phase (¢ec), the processing unit (22) adjusting the controlled voltage (Vu) so
that the value of the measured phase (dpc) will be null,

20 the displacement being adjusted through the controlled voltage
(Vm) by means of a variable frequency inverter, the inverter dynamically ad-
justing the voltage frequency of the controlled voltage (V) 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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