1 - Specification of the Patent of Invention for "CONTROL
SYSTEM AND METHOD FOR RECI PROCATI NG COMPRESSORS" The
present invention relates to a systemand a nethod that enable one to
control the stopping (braking) behavior of a reciprocating com
5pressor. DESCRI PTION OF THE PRI OR ART Herm tic conpressor
of reciprocating type conprise rod-crankand-piston type with
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carried out by sone el ectronec ce or elec- 15 troni
circuitd capeddor. of responding to a progranm ng dependent upon

vari abl es I cooling equi pnent, as for instance
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stop. During the periods o the recipr ting conpressors
20 are respodspisioa type withrrecipaodatimgt mevemeht and ges widalpuged irhthe cool-
cooling circuit,. the rod-crank-and-pi ston,oechani sm being responsible
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axle varies significantly throughout a.turn,of the turni axl e,.. the
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?r;g c ﬁg:“?‘g mait'tqtnpqecirrrguqf r&%%ame& rters].So 53 irI]IB "6 BFogI rgmtr#lrna %%p%%eath& pon vari-

ables to be controlied on the cooling equipment, as for instance the inner
temperature of the compartments, wherein the compressor acts in reciprocat-
ing operation cycles at varying velocities and stop.
During the periods of operation, the reciprocating compressors
20 are responsible for circulating the cooling gas through the cooling circuit, the
rod-crank-and-piston mechanism being responsible for carrying out cyclic
movements in which the piston raises the gas pressure during its advance
and the cooling gas applied a contrary stress onto the mechanism and to the
turning axle. This stress on the piston and the consequent reaction on the
25 mechanism and turning axle varies significantly throughout a turn of the turn-
ing axle, the variation being directly proportional to the values of cooling-gas
pressure (the greater the difference between the pressures of evaporation
and of condensation of the cooling circuit, the greater it is).
Thus, with cooling equipment that uses reciprocating compres-
30 sors, at the moments when the compressor is turned off the mechanism still
turns due to the inertia of the assembly, mainly the inertia of the motor rotor,

which imposes the turning movement. The inertia movement causes a jolt



turns due to the inertia of the assenbly, nmainly the inertia of the
notor rotor, which inposes the turning novenent. The inertia novenent
causes a jolt 2 during the stopping of, the conpressor due to a
contrary inpulse on the piston, caused:%y the different in pressure
of the gas. The inpulse is caused by the abrupt stopping of the axle
or by the turning novenent in an opposite direction at the last turn
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di spl acenent of the as- 25 senbly during this St oppi ng I mpul se,
si nce thlsnnayBean%behocks at the nechanlcal stops, raising noises.
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pressur e amipiorfuoction of the suspension springs is to attenuate the transmission of
the vibrations generated during the normal operation in the pumping system
due to the reciprocating movement of the piston, thus preventing these vibra-
20 tions from passing on to the outer compressor body and, as a result, to the
cooler, which causes noises. In this way, the springs should then be soft
enough to attenuate the normal-functioning vibration, besides absorbing the
stopping impulse. On the other hand, the springs should not be designed to
be excessively soft to the point of allowing a long displacement of the as-
25 sembly during this stopping impulse, since this may cause shocks at the me-
chanical stops, raising noises. Similarly, the design should be adopted so as
not to cause excessive stress on the springs to the point of causing fatigue or

breakage thereof.
It is possible to note that the stopping jolt is more intense on
30 compressors that operate with greater differences in pressure and on com-
pressors that have smaller inner mass of their components. Besides, factors

linked to the pressure condition and to the assembly mass make it difficult to



pressors that have snmaller inner mass of their conponents. Besides,
factors linked to the pressure condition and to the assenbly mass
make it difficult to 3 design the suspensi on springs, and the nore
one wants to attenuate the normal -operation vibration the higher this
project will be, especially in operation at |ow rotations. Because of
this, one encounters even nore severe contour conditions, which are
difficult Wasks R sudheh<ieh SpFinybehRd ItRer Bofd dngeWanss B %%téH[xﬁte the
conditions, optimza- tion of thé assenbly weight and the need to
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useful life of the springs, by preventing breakagethereof

A further @Hﬂb@ﬂesme®ﬁon@hen$nvent|on is to provide a systen1and a
nmet hod t ha [ i he conpressor to operate in
condi ti ons i sure, under which it can be

turnedi@ff w thout gRdesfore, it is a first objective of this invention to provide a sys-
tem and a method for reducing the rigidity of the springs of the suspension
system, thus minimizing the vibration level during normal operation.

[t is another objective of this invention to provide a system and a
method that are capable of reducing the demand for robustness of the sus-

15  pension system, maintaining the level of reliability and useful life of the
springs, by preventing breakage thereof.

A further objective of this invention is to provide a system and a
method that are capable of enabling the compressor to operate in conditions
of high difference in pressure, under which it can be turned off without unde-

20 sired impacts and noises being generated.
BRIEF DESCRIPTION OF THE INVENTION

The objectives of the invention are achieved by means of a con-

trol system for cooling compressors, the system comprising at [east one elec-
tronic control and one reciprocating compressor, which comprises at least
25 one mechanical assembly that has at least one compression mechanism and
one motor, the control system being configured to detect a rotation velocity of
the compression mechanism and apply a braking torque to the mechanical
assembly after detecting that the turning velocity is below a velocity level.
Additionally, one further proposes a control method for a hermet-
30 ic compressor for cooling, comprising the steps of:
(a} detecting a turning velocity of a mechanical assembly, which

comprises at least the compression mechanism and a motor;



20 sired inpacts and noi ses being generated. BRI EF DESCRI PTI ON OF THE
| NVENTI ON The objectives of the invention are achi eved by
means of a control systemfor cooling gpnpressors, the system
conprising at |east one electronic control and one reciprocating
conpressor, which conprises at | east 25 one nmechani cal assenbly that
has at | east one conpression nechani smand one notor, the control
system being config i ' | OChY
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(a) detectigga turning velocity of a nechanical assenbly, which

conprises at |east the conpression nmechanismand a notor; 4
(b) conpar BRIEFHBESURIPHDMdDiodiHE DRAWIHGSel ocity | evel ; and

(c) applying a braki torque for.decelerating th chanical, , . .
assenbly i f the det dBPIRRSSHAMGRICD WltoW he dascrpRg  Brint geted with
bel ow a vel ' . >CRI PTI ON OF THE DRAW NGS

The presentré)fi%?\%/%crﬁalt?gﬁb&olﬁﬁﬁ%ﬁﬁgﬁescri bed in greater detail with

reference to the foFiguerig fépresestatibhgiiaecobling sggteesent ati on of a
cool ing system

Figure 2 - representation of the control of a compressor, as well

10 as the main subsystems inside the compressor;

Figure 3 - representation of details of the mechanical subsystem
of a reciprocating compressor;

Figure 4 - representation of the compression process and of the
velocity of the axie of a compressor;

15 Figure 5 - representation of the compression process and of the
velocity of the axle of a compressor during the start according to the state of
the art; and

Figure 6 - representation of the compression process and of the
velocity of the axle of a compressor during the start according to the present

20 invention.

DETAILED DESCRIPTION OF THE FIGURES AND OF THE INVENTION

As represented in figure 1, a cooling system comprises a recip-

rocating compressor 3, which is fed by an electric power network 1 and has
an electronic controller 2 capable of controlling the operation of a reciprocat-
25 ing compressor 3. The reciprocating compressor 3 drives a cooling gas in a
gas-circulation closed circuit 18, creating a cooling-gas flow 78 inside this
circuit, directing the gas to a condenser 5. After the condenser 5, the cooling
gas goes though a flow-cooling device 6, which may be, for instance, a cap-
pillary tube. Then, the gas is led to an evaporator 4 and later retumns to the

30  reciprocating compressor 3, restarting the gas-circulation circuit.
Figure 2 illustrates a focus in subsystems inside the reciprocating

compressor, the reciprocating compressor 3 being formed by a housing 17,



Figure 2 - representation of the control of a conpressor, as well 10

as the main subsystens inside the conpressor; Figure 3 -
representation of details of the nechanj cal subsystemof a
reci procati ng conpressor; Figure 4 - representation of the

conpression process and of the velocity of the axle of a conpressor;
15Figure 5 - representation of the conpression process and of the

velocity Ofslygﬁfnééh &pfihgd CIOfHM 876 TesHbmdipe foPRIapising tRE GRESHHICA Yi-
the state of the art;, and Figure 6 - reépresentation of
t he conpr ebsatomn generatad by themavementlod ai mgchrdnicdleasseirblyf2aformed by

conpr essor ,duri he art according tq the present. 20i nvention.
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gas to a condenser 57 After the condenser 5 e cooling gas goes
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subsystens 1 nside the reciprocating conpressor, the reciprocating
conpr essor nEdhginingl Besemblybi2 dutioy thengtop7of ths recipranating cosmresspyr 3, if
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and the cogRaRRRS SRodRCHINEIBtHE: mekhahical 8sddthBICENENLENd compres-
mechani cally by the axle 10 that transmts torqué and rotary notion.
sion) against the housing 17 of the reciprocating compressor 3, generating
15  acoustic noise and possible fatigues or breaks of the suspension springs 11.
Figure 3 shows the compression mechanism 8, which comprises
a turning axle 10, to which the rod 16 is coupled. The rod 16 modifies the
rotary motion of the turning axle 10 during the reciprocating motion, which
drives a piston 15 to move inside a cylinder 13, causing the compressed gas
20 to circulate through a valve plate 14. This mechanism compresses the gas,
so that high differences in pressure and high reaction torque peaks are gen-
erated. The rotary motion of the turning axle 10 is kept by its own inertia, its
average velocity being maintained by the production of torque by the motor 9.
Figure 4 presents an operation torque 20, generated by the mo-
25 tor 9, which encounters a reaction torque 21 of the compression mechanism
8, configured to cause a variation of a turning velocity 23 of the turning axle
10 of the reciprocating compressor 3. This turning velocity 23 of the turning
axle 10 varies throughout a compression cycle, which begins at the lower
dead point of the piston 15, generally when the turn angle is zero, reaching
30 the maximum compression and the maximum reaction torque 21 generally at
a lower angle close to 180 degrees of turn, thus causing deceleration of the

axle.



5 The nechani cal vibrations generated by the conpression nmechani sm 8,
due to the unbal ancing and torque variation, are filtered by the
suspension springs 11. For this reasong the suspension springs 11 are
projected so as to have a low elasticity coefficient (that is, as
soft as possible), in order to increase the effectiveness of
vibration filtration. However, this design in- 10 creases the
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the 25 pression mechanism 8 continues its inertia movement fed by the kinetic en-
ergy stored on the turning axle 10, the turn velocity 23 of the turning axle 10
decreasing gradually until the rotation of the turning axle 10 will be lower than
a velocity level 34. When the electronic controller 2 detects that the rotation
of the turning axle 10 reaches the velocity level 34, at the following moment
30 35 the electronic controller 2 applies a braking torque 36 in the opposite di-
rection 1o the turn of the compression mechanism 8.

Preferably, this detection is made by the electronic control 2,



15 opposition direction. The kinetic energy of the turning axle 10
depends on the rotation (squared) and on the inertia of the turning
axl e 10. The reverse inpul se that takes; place at the abrupt stop
causes a strong inmpul se on the nmechanical assenbly 12 and, in this
way, causes a | arge displacenent and possi bl e nechani cal shock

bet ween nechani cal assenbly 12 and housi ng 2017, thus causi ng noi se
and fatigu Ofel e
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invention, the braking torque 36 is generally applied when
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appl i caki ORf 5 current contrary to that applied to the motor 9 when it is in operation.

This following 35 following the velocity level 34 comprises much

of the last turn of the turning axle 10, beginning a braking period 37 of the

turning axle 10. In this way, one prevents the last compression cycle from

taking place, thus preventing also a strong reverse impulse on the compres-

30  sion mechanism 8. [n this way, the deceleration of the turning axle 10 takes

place and is distributed throughout the last turn in a controlled manner, re-

sulting in a deceleration value (rpm/s) that is substantially lower than the one



250f a current contrary to that applied to the notor 9 when it is in
oper ati on. This following 35 followng the velocity | evel
34 conprises nmuch of the last turn of tde turning axle 10, begi nning
a braking period 37 of the turning axle 10. In this way, one prevents
the | ast conpression cycle fromtaking place, thus preventing also a
strong reverse inpulse on the conpres- 30 sion nechanism8. In this
way, the d il f _ M AH ; I [ .
G 51 i but e R ouahans Pres ey at 1A dRieCloftt SEP I BRE £, e rota
resul ting itienavelzutyl levelt 34af the wenihgmaxls ) Otshmuld prefetabiyabe isafficjentdoer

e e o0 RS Ae 3580 56701 S0 BB e

axle 10 shagilanpafeeablnie b ISP a!cohMleld SorkbARLIh 89 Muspeed

on the turning axle 1 t he reci procating conpression

capabl e5of veotipg the sgddercdegeletation@mngk jokt ©f the cyrupegssidrumephanist 8.
venting the sudden c}?lcel ration and [olt of th&éo ression mech,iipi]@m
8. Thus, 1THE: edYaReNt RYRRIGrbRANhlE M SYTRENSIPERUIGH 1 ©
springs 11y dihafRFNADItS Beldedigndt® s8R BNeeI8natadiit) BUR MR, be-

el asticity coefficient, being vefy effective to filter vibration, and
still prevéng veyhelfdativeftotfiter vilration,cand akls previepts] ghadkshoftthe rmecisanig

17 of th i i - 3..Be-, 10 sides, th
Lnventi on SALOETRGDN HhNSDPARMRRG 310 thE doRRIdRAING O eERY o BY-
duri ng1g he siic2DRhd PrésentSihedhtionThPdvEntd 'Pn@gﬁﬁ%p@‘éhﬂiﬂt%' t_t|1i3§ rREhadRdl

fatigue caused to the suspension springs her ef or e,
t he presen@assambht 12dutiofithestepping tramsiend, miniidingl thehatechadicakstress

significant| ﬁr even%qe}]r' 1 nat esé jolts .on tHe mechani cal assem 15
b1 5 of ¢ ne eoUHpeuE SRS b erLBREnbAn FyRBsis of cont ol I od
decel eration of theThaekferanke PsdHtShPShtRTSESTHS 4 Qf@éﬁ’ﬂﬁ% d RRthAGH1

turn of the turning axle, this preventing the piston from
decel er at i thatapdupes sigaificanty {dreeverseliminates) jetson e vwepasicsl assem-

cycle d so. preventing the .production of a high I npuls 1th.

Cor quel 20RO PP Fabiskap PErEe G 500 P Reahs i HovBle dbeblergian of
one shoul d tgneed-gfaHkdandpistdd 8sSEABR BolidHOUPHRS B2t 1irAVEtheAming ax-
enbraces ot her possible variants, béing ltmted only by the contents

of the accdap@ig preyestiapntbe pistarhfront degeleratingoabripbly edwing (e dast sn-
complete gas compression cycle and also preventing the production of a high
impulse with torque.

20 A preferred example of embodiment having been described, one
should understand that the scope of the present invention embraces other
possible variants, being limited only by the contents of the accompanying
claims, which include the possible equivalents.



9 CLAI M5 1. A control systemfor cooling conpressors, the
system conprising at least: - One electronic control (2); and 5- One
reci procating conpressor (3) conprising at |east one nme- chanical
assenbly (12), which includes at |east one conpression mechani sm (8)
and one notor (9); - the control system being
characterized in that the electroniq:ﬁ8“@ ol (2) is configured to
detect a rotation turn velocity (23) e conpres- 10 sion

@m-

mechani sm (8) and apphy} | t &ﬁ,@@ h gPsé;Jg j
control (12) after %jﬁeg&?’?ﬁ% %sg%h?%é c?{Jo(rﬂﬁﬁvel ocﬁetgig/orr(‘s'Qgsl [ EgeHI]owa

vel oci ty | pvieing(s84gast: 2. A systemaccording to claiml1,
characterized in that {he tutrn .vel o i{@(% has a predefined val ue
for the velocity | evePreRlgctrapc cpgtro ¢ A%br aki ng torque (36) can be

applie . | iged
I n thagst he el ectroni ?nﬂ%ﬁ%%ﬂé@cﬁ@?gcﬁof ﬁgg%@?;:}%%m? %gﬁaﬁﬁgﬁé &
conpr essi oghaeichbassamlfig 12 edsch mchatasyatdessti dre covpresstorameéchanism

conpares sugh a period wth a maxi numreference tinme, the maxi mum
reference klg)rﬁ‘!‘qag??@“ﬁ@m)ed with the pe- 20 hod which the

conpressi on nechani Smﬁtﬁboﬁlﬁﬂ%?sﬁéé?ln%%ﬁi% cRdFadteriz88iRTRAL t e_ielb%gnic

vel ocity level (34). stem according to claim2 or
3, char act eontreld2) is corafigurad top detket iametatiosl toon vglocity 23)(F4heicompres-
hat ,the inertia of the ne

(32) " of T sloh shABIS5T (RhAhg: ahpiile & pieipe PR o e  BReRANCY
cycle. control (12) after detecting that the turn velocity (23) is below a velocity level
(34).

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

velocity (23) has a predefined value for the velocity level (34), so that the
15  braking torque (36) can be applied.

3. A system according to claim 2, characterized in that the elec-
tronic control (2) detects the period that the compression mechanism (8)
needs to carry out its movement and compares such a period with a maxi-
mum reference time, the maximum reference time being related with the pe-

20 riod which the compression mechanism (8) needs to carry out its movement
at the velocity level (34).

4. A system according to claim 2 or 3, characterized in that the
predefined velocity level (34) is configured to guarantee that the inertia of the
mechanical assembly (12) will be capable of carrying out a complete com-

25 pression cycle.

5. A system according to claim 1, characterized in that the ap-
plication of the braking torque (386) is initiated at a next moment (35) after the
a compression cycle has been completed.

6. A system according to claim 5, characterized in that the ap-

30 plication of the braking torque (36) is finished at the moment when a new
compression cycle is about to begin.

7. A system according to claim 1, characterized in that the

braking torque (36) is configured for gradual deceleration of the tum velocity



5. A systemaccording to claim1, characterized in that the
application of the braking torque (36) is initiated at a next noment
(35) after the a conpression cycle hasqfpeen conpl et ed.

6. A systemaccording to claimb5, characterized in that the ap-
30plication of the braking torque (36) is finished at the nonment when
a new conpression cycle is about to begin. 7. A system
accordi ng (23 claim 1, characterized in that the braking torque (36)
is configured for gradual deceleration of the turn velocity 10 (23).
8. A system accor di 8gAtsystémiancordiot e atsinr 7,zcharnasterired irnthatuhe turmn

homent | whe RO (2 bR SOTTReRgR rasghar i 18) MR AP ialde 2% e sider,
accor di g enaHaiNBrlineT 86HRrsdsish bikcit Rabbstoticdin. | ng tor que (36)

has follows a direction opposite that of the turn-velocity (23). 10.
A contr@l nethod foP. A& systemtaccocdiofinglaionrassacterizédiirathadithe daaky

I Si .th 1 f: . ) ) 1 i 1
SOty g g M follaws aditipy oppbita HTa R NG B velicly (23)
| east the conpressi 9p, EESHHR BBth&d f@*‘é’h@ﬁﬁeﬁ@&éﬁlir@%ﬁmpressor charac-

(b) comparing the turn velocity (23) with a velocity |evel (34); and
(c) appl yi terizedbylcomprisorgithe §t8p% of.or decel erati on of the nechani cal

asserbl y (12) after §eherlhing & RRh VoS 129) BPLoRbbiai8d adstnlsy P12

10 that comprises at least the compression mechanism (8) and one motor (9);

(b) comparing the turn velocity (23) with a velocity level (34); and

(c) applying a braking torque (36) for deceleration of the me-
chanical assembly (12) after detecting that the turn velocity (23) is below a
velocity level (34).

15 11. A method according to claim 10, characterized in that the
step (b) compares the turn velocity (23) with a predefined value for the veloci-
ty level (34), so that the braking torque (36) can be applied.

12. A method according to claim 11, characterized in that the
step (a) detects the period which the compression mechanism (8) needs to

20 carry out its movement and the step (b) compares such a period with a max-
imum reference time related with the period which the compression mecha-
nism (8) needs to carry out is movement at the velocity level (34).

13. A method according to claim 11 or 12, characterized in that
the velocity predefined level (34) guarantees that the inertia of the mechani-

25 cal assembly (12) will be capable to carry out a complete compression cycle.

14. A method according to claim 10, characterized in that the
step (c) is initiated at a moment (35) following completion of a compression
cycle.

15. A method according to claim 14, characterized in that the

30 step (c) is finished at the moment when the compression cycle is about to
initiate.

16. A method according to claim 10, characterized in that the



1511. A method according to claim10, characterized in that the step
(b) conpares the turn velocity (23) with a predefined value for the
velocity level (34), so that the braking torque (36) can be applied.
12. A method according to claim1l, characterized in that the step
(a) detects the period which the conpression nmechanism (8) needs to
20 carry out its novenent and the step (b) conpares such a period
with a maxistagnd)as eopfgardd fEcd @eabrfiu HBcéBeatReY btheMurs Reldtfy turn
conpressi on nechani sm (8) needs to carry out is novenent at the
velocity | €3} (34). 13. A nethod according to claim11
or 12, characterizeq.in that the velocit r fined level (3
guarantees that t heqfhgr meﬁx%ct a{:ﬁ%r%ﬁpctpama?mgga?h%@gt%?l f’lg'%‘am%
be capabl estdp @@is YorfiGurdd SPlaetie ﬁﬁﬁ%myggswﬁir@ compression meé#4-
A nmet hod according to claim 10, characterized in that the step (c) is
initiat®d anism Bhbas zess vatus abtlienmomeent wheén@ vewcatopeseioni aysle is
cycle. . 15. A nethod according to claim 14,
characteri?gaus?Q?%W'the 30 step (c) is finished at the noment when
the conpression cychg, i% ndtAbd dceotdihg itdichaim 10, Sh&RactEnzdd in that the
configured to cause gradual deceleration of the turn velocity turn
(23). step (c) islGarriadrast iy radying aitatueocariteanmio #e thavalocdy (23d i n
that the step (c) is configured so that the turn velocity (23) of the
conpression nech- 5 anism (8) has zero value at the nonent when a new
conpression cycle is about to begin. 18. A et hod
according to claim 10, characterized in that the step (c) is carried
out by applying a torque contrary to the turn velocity (23).



