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use in refrigerating systems and, more particularly, to the sealed reciprocating

compressor of a type controlled by an inverter controller to allow the compressor
to provide a variable power.
Background Art |

A reciprocating compressor currently employed in a refrigerator for
home use has no variable power feature and is generally operated at a predeter-
mined power source frequency, for example, 50 or 60 Hz in Japan.

Also, the reciprocating compressor is generally of a structure
wherein a sealed housing has a low internal pressure and employs a high
pressure discharge tube through which a compressed gaséous medium is
discharged to the outside of the sealed housing. An example of those
reciprocating compressors is disclosed in Japanese Laid-open Patent Publication
(unexamined) No. 5-126044.

For further discussion of the prior art reciprocating compressor,
reference will be made to Fig. 3 of the accompanying drawings. The prior art
reciprocating compressor shown therein comprises a generally cylindrical sealed
housing 1 accommodating therein an electrical element (not shown) including a
drive motor and a compressor element 6. The compressor element 6 comprises
a cylinder 2, a cylinder head 3, a reciprocating piston 4 and a cranking member
5. The sealed housing 1 includes an exhaust muffler 7 disposed at a location
laterally of the cylinder 2 and a discharge tube 8 extending completely across a
wall of the sealed housing 1 and soldered to the sealed housing 1 at a portion
thereof which extends through the wall of the sealed housing 1. The exhaust



(unexam ned) No. 5-126044. For further discussion of the prior art
reciprocating coafressor, reference will be nade to Fig. 3 of the
acconpanyi YO 3Bgs. The prior art 20 reciprocating conprR<SERIBHIn
therein conprises a generally cylindrical seal ed housing 1 accomvpdati ng
therein an electrical element (not shown) including a drive notor and a
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at a portion thereof i ch extends through'the wall of the sealed housing -
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PCT/ JP96/ 03731 mutfler 7 and the discharge tube 8 are connected with each’

ot her By means of a gEméhepriort anttreciprocatimg icompressop of i thestmctiunes ishowrhin
seal ed housl;Lir]gq % , tﬂée. electric element is operated at a predetermined power source
frequency, for example, 50 or 60 Hz in Japan. Accordingly, the drive motor
forming a part of the electric element is driven at a predetermined rotational
speed at all times with its rotary drive translated by the cranking member 5 into
10 a reciprocating motion that is assumed by the reciprocating piston 4 within the
cylinder 2. The reciprocating motion of the piston 4 causes a gaseous refrigerant
sucked from an external supply system (not shown) to be compressed and
subsequently discharged to the exhaust muffler 7 through the cylinder head 3.
| The cbmpressed refrigerant in the exhaust muffler 7 flows through the coupling
15 tube 9 and then to the outside of the sealed housinghl through the discharge tube

8. '

During the flow of the compressed refrigerant through the coupling
tube 9, the coupling tube 9 is apt to generate obnoxious noise in resonance to a
pulsating motion of the compressed refrigerant within the coupling tube 9 and

20 the operating frequency of the electric element. However, generation of the
obnoxious noise is suppressed by the use of the coil spring 10.

On the other hand, in the refrigerator for home use, the need has
been realized to lower the output capacity during a low load operating condition
to thereby minimize a power consumption. In other words, although the coupl-

25 ing tube 9 employed in the prior art reciprocating compressor is designed to
successfxﬂly suppress resonance when the reciprocating compressor is operated
at the specific frequency of 50 or 60 Hz, the prior art reciprocating compressor

still has a problem associated with the resonance of the couplirig tube 9 when



séal ed housing 1 also include a coil spring 10 nounted around the tortuous
coupl i ng tubqw@ oh@f186 €SONAnce suppression. 5 | n t}er/idosei7aar t
réci procating conpressor of the structure shown in Fig. 3, the electric
el.enent is operated at a predeterm ned power source frequency, for exanple,
50 or 60 Hz in Japan. Accordingly, the drive notor formng a part of the
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conpressed refrigerant Wy ctomplisip! the abéee Sawddother objectives, the present

invention makes use of an inverter controller with which the electric element of

the sealed compressor can be operated at a frequency effective to avoid
10 resonance of the coupling tube. The frequency at which the coupling tube tends
to resonate can be determined etﬁpirically. _

More specifically, the sealed compressor according to the present
invention comprises a sealed housing having an inteﬁor communicated to outside
thereof through a discharge tube, a compressor element accommodated within the

15 sealed housing, an electric elément accommodated within the sealed housing for
driving the compressor element, a coupling tube fluid-connecting the compressor
element and the discharge tube within the sealed housing, and an inverter
controller means for operaﬁng the electric element at one of a plurality of
operating frequencies other than the frequency at which the coupling tube tends

20 to undergo a resonant motion. |

Preferably, at least one of the operating frequencies other than the
frequency of resonance of the coupling tube is equal to or subétanﬁally equal to
the power source frequency, that is, the frequency of the electric powér available
from a commercial power outlet. This is particularly advantageous in that no

25 design change may be made to the existing coupling tube and the electric
element can be driven without being accompanied by the undesirable resonance

of the coupling tube.
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20" the operating frequency of the electric elenment. However, generation
of. the obnoxi ous noise is suppressed by the use of the coil spring 10. On
the other hWRP73MP8 he refrigerator for hone use, the need haBCEJe6/03731
realized to |l ower the output capacity during a |ow | oad operating condition
to thereby mnimze a power consunption. In other words, although the
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refrigerator employing a reciprocating compressor, which embodies the present
invention;
Fig. 2 is a graph showing the relationship between the operating
frequency of an electric element of the reciprocating compressor and the
10 amplitude of a coupling tube employed therein; and
Fig. 3 is a schematic transverse sectional view of the prior art
reciprocating compressor. |
Detailed Description of the Preferred Embodiments
Referring first to Fig. 1, a variable-power compressor A embodying
15 the present invention comprises a generally cylindrical sealed housing 1, an
electric element M accommodated within the sealed housing 1 and a reciprocat-
ing compressor element 6 also accommodated within the sealed housing 1. As
is the case with the prior art reciprocating compressor shown in Fig. 3, a dis-
charge tube 8 extends completely across a wall of the sealed housing 1 and is
20 soldered to the sealed housing 1 at a portion thereof which extends through the
wall of the sealed housing 1. An exhaust muﬁlef (not shown) and the discharge
tube 8 are connected with each other by means of a generally tortuous coupling
tube 9 disposed inside the sealed housing 1. The sealed housing 1 also includes
a plurality of coil springs 10 mounted around the tortuous coupling tube 9 for
25 resonance suppressxon
The electric element M is operated at a frequency matchmg with the
frequency of the electric power available from a commercial power outlet 11,

that is, the power source frequency, and also at a frequency controlled by an
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The coil springs 10 similarly serve to suppress the resonant motion of the
coupling tube 9.

10 As shown in Fig. 2, a series of experiments conducted have revealed
that even .though the coil springs 10 are employed, the coupling tube 9 has a
plurality of resonance frequencies at which it undergoes vibration. As shown
therein, those resonance frequencies match respectively with relatively low
operating frequencies C1, C2, C3, and so on, at which the electric element M is

15  operated. Based on the empirical data, the inverter controller 12 employed in the

| practice of the present invention is so designed as to supply to the electric
element M an electric power of one of a plurality of operating frequencies Ca,
Cb, Cc, and so on, other than those resonance frequehcies of the coupling tube
9. Accordingly, even if during a low load operating condition of the refrigerator

20 the frequency at which the electric element M is driven is lowered down to any
one of the frequencies Ca, Cb and Cc for power saving, the coupling tube 9 will
undergo no resonant motion and hence be accompanied by no noise.

So far as the territory of Japan is concerned, the power source
frequency is fixed 50 Hz in a northemn part of Japan and 60 Hz in a southern

25 part of Japan. Accordingly, so long as the electric element M is operated at 50
or 60 Hz, the coupling tube 9 does not undergo any resonant motion because of
the use of the coil springs 10. In order for any existing coupling tube to be

employed without being altered or modified in design in any way whatsoever,



Prieferably, at |east one of the operating frequencies other than the

frequency I nce of the coupling tube is equal to or su tially
equal to tﬁ%oggégggsource frequency, that is, the frequency oﬁé%ﬁguﬂ?g%tric

power 25 avai l able froma comercial power outlet. This is particularly
advant ageous in that no design change may be nade to the existing coupling
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in which: 5 ' Fig. 1 1s a circuit block diagram show ng a
control systwiththe preferred embodiment thereof with reference to the accompanying draw-
S ings, it is to be noted that various changes and modifications are apparent to
those skilled in the art. For example, although in the foregoing embodiment the
present invention has been shown and described as applied to the reciprocating
compressor, the present invention can be equally applied to a rotary compressor

of a type employing a hoﬁsiﬁg having a low internal pressure.

10 Such changes and modifications are to be understood as included
within the scope of the present invention as defined by the apperided claims,

unless they depart therefrom.




refrigerator enploying a reciprocating conpressor, which enbodies the
present inveniwswsihsg). 2 is a graph showing the relationship beowrsebive:
oper ati ng freqliency of an electric elenent of the reciprocating conpressor
and the 10 anplitude of a coupling tube enployed therein; and Fig. 3 is
a schematic transverse sectional view of the prior art reciprocating
conpressor. Detailed Description of the PELANMS Enbodi nents Referring
first to Fig. 1, a variabl e-power conpressor A enbodying gﬁmmg"lﬂlm

i nvention conprises a generally cylindrical sealed housin ﬂ'm”",
el ement M acconmodated within the seal ed hqusing 1 and a ré€ci rotat® ihg *
conpr essor el daent A sgaled SOMPIESIRR GAMPIISME: t he seal ed housi ng 1. As is
the case with the prlorl i reC|£rocat|n co r.essor_shown

di s- charge tube 828 IntErigy) Fopmypica t“élal"edOHB%é%@qeof

and is 20 Idered ol ed hou5|ng 1 at a portion thereof which
ext ends throuSﬁr M&%g‘ﬁ%eeal ed housing 1. An exhaust nuffler (not

shown) ‘and the di nggéﬁil)t%gpﬁ‘ et nt° SO siath AR 1 BERIAVhSEAR; O 2

general | y tortuous
an electric element accommeodated within the sealed housing for driving

the compressor element;
a coupling tube fluid-connecting the compressor element and the discharge
tube within the sealed housing; and
10 an inverter controller means for operating the electric element at-one of a
plurality of operating frequencies other than the frequency at which the coupling
~ tube tends to undergo a resonant motion.
2. The sealed compressor according to claim 1, wherein at least one of
the operating frequencies other than the frequency of resonance of the coupling
15 tube is equal to or substantially equal to the frequency of the electric power

available from a commercial power outlet.
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t Gbe 9 di sposed inside the seal ed housing 1. The seal ed housing 1 al so
includes a p&y gllt&§of coil springs 10 nounted around the tor taq) 03731
coupling tub It resonance suppression. The electric eleneng 'S
operated at a frequency matching with the frequency of the electric power
avai lable froma comrercial power outlet 11, that is, the power source
frequency, and also at a frequency controlled by an 4 WO 97/31188

PCT/ JP96/ 03731 inverter controller 12. Reference numeral 13 represents a
refrigerator control unit which may be well-known to those skilled in the
art. The conpressor enbodfﬁgp tfie present invention is operated in a nmanner

simlar to the prior art reciprocating conpressor shomn in Fig. 3. Briefly
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df scharged t hrough the discharge tube 8 to the outside of the seal ed
“housing 1. Ta® #@stksssprings 10 simlarly serve to suppress the porareendr3i
nmoti on of~the *coupling tube 9. 10 As shown in Fig. 2, a series
of experiments conducted have reveal ed that even though the coil springs 10
are enpl oyed, the coupling tube.9 has a plurality of resonance frequencies
at which it undergoes vibration. As shown therein, those resonance
frequencies match respectively with relatively | ow operating frequencies
Cl, C, C3, and so on, at which the electric element Mis 15 oper at ed.
Based on the enpirical data, the inverter controller 12 enployed in the
practice of the present invention is so designed as to supply to the

el ectric elenent Man electric power of one of a plurality of operating
frequencies Ca, Ch, Cc, and so on, other than those resonance frequencies
of the coupling tube 9. Accordingly, even if during a | ow | oad operating
condition of the refrigerator 20 the frequency at which the electric
elenment Mis driven is |owered dowmn to any one of the frequencies Ca, Cb
and Cc for power saving, the coupling tube 9 will undergo no resonant
notion and hence be acconpanied by no noise. So far as .the territory of

Japan i s concerned, the pow%-iaour.ge
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frequency i's fiked 50 Hz in a northern part of Japan and 60 Hz in a

sout hern 25

part of Japan. Accordingly, so long as the electric el enment

Mis operated at 50 or 60 Hz, the coupling tube 9 does not undergo any
resonant notion because of the use of the coil springs 10. In _order for any
exi sting coupling tube to be enployed without being altered or nodified in
design in any way what soever, WD 97/ 31
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a compressor element (2, 4) accommodated within the sealed housing
(1);

an electric element (M) accommodated within the sealed housing (1)
for driving the compressor element (2, 4); and |

a coupling tube (9) fluid-connecting the compressor element (2, 4) and
the discharge tube (8) within the sealed housing (1);
and characterized by:

an inverter controller means (12, 13) which can operate the electric
element (M) at a plurality of operating frequencies other than the frequency at
which the coupling tube (9) tends to undergo a resonant motion for operating the
electric element (M) at one of these frequencies.

2. The sealed compressor according to claim 1, wherein at least

one of the operating frequencies other than the frequency of resonance of the

coupling tube (9) is equal to or substantially equal to the frequency of the

electric power available from a commercial power outlet (11).



/M(tiype eénmptoyt ng-a housi usi ng having a low internal pressure. 10

Such chan nd nodifications are to begunderstood as included within the
scope of Eﬂ’& H)Mr tion as defined by the appended clains, unless
t hey .depar Im CLAI M5 1. A seal ed conpressor conprising: a

seal ed housi ng (1) *hati nyg an interior GE&K@%I cghggt,ﬁﬁecgﬁe%ltdqz Uggpmggg

through a discharge tube (8); 5 npressor el enent

accomobdated within the seal ed housipng (1); an electric el ement (M
accormodat et wi t&ﬁﬁabﬂecw&P’HBG@ﬂl‘é'(l) for driving the conpressor

element (2, 4); and a coupling tube (9) fluid-connecting the conpressor
elenent (2, 4) adsealed housing having an interior communicated to outside thereof

through a discharge tube;

a compressor element accommodated within the sealed housing;

an electric element accommodated within the sealed housing for driving the
compressor elements; and

a coupling tube fluid-connecting the compressor element and the discharge
tube within the sealed housing;

and characterised by:

an inverter controller means which can operate the electric element at a
plurality of operating frequencies other than the frequency at which the coupling
tube tends to undergo a resonant motion for operating the electric element at one
of these frequencies.
2. A sealed compressor according to claim 1, wherein at least one of the
operating frequencies other than the frequency of resonance of the coupling tube
is equal to or substantially equal to the freqUency of the electric power available
from a commercial power outlet.
3. A sealed compressor substantially as hereinbefore described with

reference to Figures 1 and 2 of the accompanying drawings.
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(57) Abstract

A sealed compressor for use in a refrigerator includes a sealed housing having an interior communicated to the outside of the =2 _
housing through a discharge tube, a compressor element accommodated within the sealed housing, an electric element aecommodaled
the sealed housing for driving the compressor element, and a coupling tube fluid-connecting the compressor clement and the dxschargc
within the sealed housing. To avoid a resonant motion of the coupling tube which would otherwise generate obnoxious noise, an ey

controller is employed to allow the electric element to be operated at one of a plurality of frequencies other than the resonance &=y
of the coupling tube.




