S

10

15

20

990 1 849 '_'7 16 APR 198

-1-
DESCRIPTION
Electrically-Operated Sealed Compressor
I. ! . l E. ! I

The present invention relates generally to a relatively compact compressor such as
utilized in a refrigerator for home use or a freezer in a show casing and, more particularly,

to a valve mechanism or a suction system of such a compressor.

Background Art _

In recent years, é.valv_e mechanism in a compressor have been improved in numerous
ways to increase the efficiency of the compressor. However, demands have also been made
from the market not only to increase the efficiency of the compressor, but also to suppress
noise emission from the compressor. '

The prior art compressor vﬂve mechanism is disclosed in, for example, the Japanese
Laid-open Patent Publication (unexamined) No. 3-175174.

| Hereinafter, with reference to Figs. 24, 25 and 26, the prior art compressor valve
mechanism disclosed in the above mentioned Japanese Laid-open Patent Publication No.
3-175174 will be discussed.

Fig. 24 is a sectional view of the prior art valve mechanism in an assembled condition
taken along the horizontal direction, Fig. 25isa longitudinal sectional view of Fig. 24, and
Fig. 26 is an exploded view of the prior art valve mechanisrh. In Figs. 24 to 26, reference

~ numeral 1 represents the valve mechanism, and reference numeral 4 represents a valve plate

25

30

having two suction ports 2 and two discharge ports 3 both defined thereiri. A discharge reed
valve 22 for selectively opening and closmg the discharge ports 3 is retained within a recess
21 defined in the valve plate 4. Reference numeral 23 represents a stopper rivetted at 24 to
the valve plate for regulatmg the lift of the reed valve 22. A suction reed valve 11, a -

plate-like gasket 12, the valve plate 4, a head gasket 13 and a cylinder head 14 are all bolted
to a cyl_;nqi_er 10.



10

15

20

25

30

-2-

The cylinder 10 accommodates therein a piston drivingly coupled with. an electric
motor (not shown) for axial feciprocating movement within the cylinder 10. The cylinder
head 14 has a suction chamber 25 and a discharge chamber 26 defined therein in cooperation
with the valve plate 4. | o

The operation of the prior art compressor valve mechanism of the structure described
above will now be described. .

As a result of reciprocating movement of the piston 15, a refrigerant gas within the
suction chamber 235 is sucked into the cylinder 10 through the suction ports 2 in the valve
plate 4 dunng opemng of the suction reed valve 11 and is subsequently compressed within the
cylmder 10 before""rt is discharged mto the discharge chamber 26 in the cylinder head 14
through the dlscharge ports 3 during opemng of the discharge reed valve 22.

- Inthe prior art valve mechanism discussed above, however, because the refrigerant
gas is simultaneously discharged into the discharge chamber '26 through the two discharge
ports 3, refrigerant gas flows interfere with each other to hinder smooth streams of the
refrigerant gas, thus lowering the discharge efficiency and the performance of the compressor. '
Furthermore, because simultaneous discharge of the refrigerant gas from the two discharge

ports 3 into the discharge chamber 26 s mtemuttently performed, very large pulsation and
noise are undesirably generated.

_ Also, the discharge reed valve merely has only one resonant mode as streams of the
refrig&am gas discharged-mpectively from the two discharge ports 3 push the discharge reed
valve 22 simultaneously and, thetefore, it has been difficult to make resonance of the reed
valve 22 proper and also to optimize the discharge efficiency at about 3,000 revolutions at
50Hz and also at about 3,600 revolutions at 60Hz. Also, even in the case of the compressor
in which the number of revolutions is varied such as an inverter, there has been a problem
in that changes in number of revolutions tend to be accompamed by considerabie lowermg
of the efficiency. _ _

In addition, since the discharge reed valve 22 merely has the single resonant mode,
there has been another problem in that hissing sounds generated by the respective streams of
the refrigerant gas discharged from the two discharge ports tend to be enhanced by

interference to thereby result in considerable generation of noises.
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Also, the discharge reed valve 22 is fixed in position within the recess 21 by the
stopper 23 and the rivets 24, requiring a complicated mounting and an inefficient assemblage.

Japanese Patent Publication (examined) No. 6-74786 discloses a suction system for
an electrically-operated sealed compressor in which a muffler having a plurality of chambers
partitioned from each other is einployed for muffling purpose. However, there has been a
problem in that if the muffling feature is given priority, the suction efficiency tends to be
lowered accompanied by reduction in performance. |

Also, since a sucked gas represents an intermittent flow as a result of selective opening
and closure of a reed valve, a flow inertia of a refrigerant gas cannot be sufficiently utilized
and the charge ona cylinder tends to be lowered. This tendency tends to be enhanced when
the muffling performance of the muffler is increased.

In accordance with the invéntion, there is provided an electrically-operated sealed
compressor comprising: |

a sealed casing;

compressor elements accommodated in said sealed casing and having an electric
motof, ‘a cylinder, a piston, and a crankshaft;
- a suction muffler accommodated in said sealed casing;

a valve plate mounted on one of said compressor elements and having a suction port
defined therein; |

a reed valve for selectivelﬁ bpening and closing said suction port;

a passage exténding from said suction port to said suction muffler; and

a refrigerant flow branch tube opening into a portion of said passage;

wherein said reed valve is closed during a compression stroke, an internal pressure of
said passage is increased to allow a sucked gas to flow into said refrigerant flow branch tube,
and when said reed valve is opened during a subsequent suction stroke, the gas drawn into
said refrigerant flow branch tube is immediately supplied into said cylinder through said

suction port,-avoiding reduction of a flow inertia of the gas.

[
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The above-described construction facilitates assemblage of the discharge valves at
respective positions corresponding to the associated discharge ports, accompanied by a
favorable workability. '

Adﬁantageously, the first and second discharge valves have ditferent lengths as
measured from the valve end or have different widths. This construction exhibits a favorable
discharge efficiency and minimizes ndise of interference of the refrigerant gases. More
specifically, the first and second discharge valves have different frequencies of vibration so
that the first and second discharge valves exhibit different resonance when the refrigerant
gases flow therethx"ough which are appropriate to the resonance at the different numbers of
revolutions while preventing any possible increase in hissing sound resulting from the
interference with each other.

The electrically-opérated sealed compressor may comprise first and second stoppers

mounted on the valve plate for regulating lifts of the respective first and second discharge
valves. The first and second stoppers are connected at a stopper end and formed integrally
therewith. The first and second discharge valves are fixed to the valve plate with the valve
end secured thereto by the stopper end. By this construction, the two discharge valves and the
two stoppers can be easily fixed at their appropriate positions.
" Advantageously, the first and second stoppers have different angles of inclination as
measured from a bent of the stopper end,' or the first and second discharge §alves have
different lengths as measured from a bent of the stopper end to a free end of each stopper.
By this construction, the first and second discharge valves can easily have different lifts and,
in view of the possession of the different lifts, the first and second discharge valves behave
differently when the refrigerant gases flow therethrough to théreby render the dischérge
efficiency to be proper and also to minimiZe' noise emission resulting from interference with
each other. ‘. o

Each of the first and second stoppers may have a retaining portion of a different length
for depressir{g the associated discharge valve. This construction has an effect that the
etfective valve length of the first discharge valve and the effective valve length of the second
discharge \(alve can be easily rendered to have different values and the first and second

disché;ge ~valves exhibit different resonance when the refrigerant gases flow therethrough

»
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which are appropriate to the resonance at the different numbers of revolutions while
preventing any possible increase in hissing sound resulting from the interference with each
other. ' |

The valve plate may have a recess defined therein for accorm_nodating the first and
second discharge valves. In this case, the first and second discharge valves are fixed to the

 valve plate with the valve end secured thereto by the stopper end by allowing the stopper end

to be press-fitted info the recess. This construction has an effect that the discharge valves can
easily be fixed by press ﬁttmg the stoppér end in the recess and, also, a fixed portion
press-fitted in the recess easily constinites a partition for the first and second discharge
chambers. '

In a further form of the present invention, an electrically-operated sealed compressor
comprises a sealed casing, compressor elements accommodated in the sealed'casing -and
having an elec&ic motor, a cylinder, a piston, and a crankshaft, a suction muffler
accommodated in the sealed casing, a valve plate mounted on one of the compressor elements
and having a suction port déﬁx_led therein, é reed valve for selectively opening and closing the
suction port, a passage extending from the suction port to the suction muffler, and a
refrigerant flow branch tube opening into a portion of the passage for allowing a sucked gas
to flow thereinto and flow puf therefrom.

The above-described construction has such a function that during closure of the reed
valve, the flow inertia in the suction passage is held by the refrigerant flow branch tube, but
during opening of the reed valve, a refrigerant gas accurmulated by the refrigerant flow branch
tube flows into the cylinder to maintain the flow inertia of the sucked gas to thereby maintain
and improve the efficiency of charge of the refrigerant into the cylinder.

The refri.gerant flow branch tube may be accommodated in the suction muffler. 'This
construction has, in addition to the function of maintaining the flow inertia of the sucked
refrigerant gas, a capability of simplifying the structure.

'Anoﬂm: refrigerant flow branch tube may be provided to improve an dptimum suction

efficiency according to the number of revolutions. According to this construction, the flows

of the, refrigerant into and out from the refrigerant flow branch tubes during selective

opening',and- closure of the reed valve can be improved by causing a gas column within each

-
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refrigerant flow branch tube to resonate according to the number of revolutions of the
compressor, to thereby maintain and improve the efficiency of charge of the refrigerant into
the cylinder at a particular number of revolutions.

Preferably, the refrigerant flow branch tube has an opening disposed in the vicinity
of the suction port. This construction has such a function that the flow inertia can be
maintained up to the vicinity of the suction port to thereby maintain and improve the
efficiency of charge of the refrigerant into the cylinder.

Again preferably, the suction muffler has a refrigerant intake port having a cross-
sectional area smaller than the suction poh:. According to this construction, while maintaining
the efficiency of charge of the ie_frigerant into the cylinder, the muffling performance of the
muffler can be improved by the refrigerant flow branch tube.

In another aspect, there is provided an electrically-operated sealed compressor
comprising:

a sealed casing;

compressor elements accommoda'ted.in said sealed casing and having an electric
motor, a cylinder, a piston, and a crankshaft; _

a suction muffler accommodated m said sealed casing;

a valve plate mounted on one of said compressor elements and having a suction port

defined therein; o
'_ -a reed valve for selectively opening and closing said suction port;

a passage extending from said sx_xction port to said suction muffler; and

a closed small chamber formed so as to open into said passage through a branch tube;

wherein when said reed valve is closed during a compression stroke, an internal
pressure of said_ passage is increased to allow a sucked gas' to ﬂow into said small chamber
through said branch tube, and when said reed valve is opened during a subsequent suction
stroke, the gas drawn into said small chamber is immediately supplied into said cylinder
through said suction port, avoiding reduction of a flow inertia of the gas.

Another closed small chamber may be formed so as to open into the passage through
another branch tube for_ allowing a sucked gas to flow thereinto and flow out therefrom.

The closed small chamber may be accommodated in the suction muftler.

.
IS



10

15

20

25

-7-

Advantageously, the closed small chamber is opeh into the passage in the vicinity of
the suction port. | ' o

It is preferred that the suction muffler has an intake port defined therein and having
a cross-sectional area smaller than the suction port. =

According to the above-described_constrﬁction, when the reed valve opens during a
suction stroke, a gas flows into the cylinder and, during subsequenf compression stroke, the
reed valve is closed. At this time, the internal pressure within the passage leading from the
interior of the muffler to the suction port is increased because the flow is abruptly interrupted.
The gas of the increased internal pressure is accommodated within the closed small chamber
through the branch tube. Accordingly, the inertia of flow can be maintained. Then, during
the suction stroke, the accumulated gas immediately flows into the cylinder to give rise to a
smooth sucked flow while avoiding reduction of the flow inertia.

In another aspect, there is provided' an electrically-operated sealed compressor
comprising:

a sealed casing; .

compressor elements accommodated in said sealed casing and having an electric
motor, a cylinder, a p.iston, and a crankshaft;

a suction muffler accommodated in said sealed casing;

a valve plate mounted on one of said compressor elements and having a suction port
defined therein;

- areed valve for selectively opening and closing said suction port;

a passage extending from said suction port to said sucﬁon muffler; and

a refrigerant flow branch tube opening into a portion of said passage for allowing a
sucked gas to ﬂpw thereinto and flow out therefrom;
' wherein said suction muffler has a refrigerant intake port having a cross-sectional area

smaller than said suction port.

In anoih_er aspect, there is i:rovided an electrically-operated sealed compressor
comprising: ) |



a sealed casing;

compressor elements accommodated in said sealed casing and having an electric
motor, a cylinder, a pistoh,' and a crankshaft;

a suctiBn muffler accommodated in said sealed casing; -

5 a valve plate mounted on one of said compressor elements and having a suction port

defined therein;

a reed valve for selectively opening and closing said suction port;

a passage extending from said suction port to said suctiori muffler; and

a closed small chamber fonﬁed so as to open -into said passage through a branch tube

10 for allowing a sucked gas to flow thereinto and flow out therefrom,

wherein said suction muffler has an intake port defined therein and having a cross-
sectional area smaller than said suction port.

Brief Description of the Drawi
15
The above and other objectiveé and features of the present invention will become more
apparent from the following descﬁpﬁon of preferred embodiments thereof with reference to
the accompanying drawings, throughout which like parts are designated by like reference
numerals, and wherein:
20 . Fig. lisan exploded perspective view of a compressor valve mechanism;
Fig. 2 is a sectional view of an essential portion of the valve mechanism of Fig. 1;
Fig. 3 is a view similar to Fig. 2, but depicting a modification thereof;
Fig. 4 is a view similar to Fig. 2, but depicting another mddification thereof;
Fig. 5 is a view similar to Fig. 2, but depicting a further modification thereof;
25 Fig. 6 {s an exploded perspective view of another example of a compressor valve
mechanism; | _
Fig. 7 is a sectional view taken along line VIL-VII in Fig. 6;
Fig. 8 is a view similar to Fig. 7, but depicting a modiﬁcatioti thereot’;
Fig. 9 is a view similar to Fig. 7, but depicting another modification thereof;

30 .Fig'.- 10 is a view similar to Fig. 6, but depicting a moditication thereof;

i 2
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'Fig. 11 is a perspective view of an essential portion of the valve mechanism;
Flg 12 is a view similar to Fig. 11, but depicting a modification thereof;
Fig. 13 is a view similar to Fig'. 11, but depicting another modification thereof;
Fig. 14 is a view similar to Fig. 6, but depicting another modification thereof;
5 Fig. 15 is a sectional view of an electrically-operated sealed compressor according to
an embodiment of the present invention;
Fig. 16 is a sectional view taken along line XVI-XVI in Fig. 15;
Fig. 17 is a view similar to Fig. 16, but depicting a modification thereof;
Fig. 18 is a view similar to Fig. 16, but depicting another modification thereof;
10 * Fig. 19 is a view similar to Fig. 16, but depicting a further modification thereof;,
Fig. 20 is a view similar to Fig. 16, but according to another embodiment of the
present invention; .- = | '
Fig. 21 is a view similar to Fig. 20, but depicting a modification thereof;
Fig. 22 is a view similar to Fig. 20, but depicting another modification thereof;
15 Fig. 23 is a view similar to Fig. 20, but depicting a further modification thereof:
Fig. 24 is a sectional view of an essential portion of a conventional compressor valve
mechanism; '
Fig. 25 is another sectional view of the essential portion of the conventional
compressor valve mechanism of Fig. 24; and |

20 . Fig. 26isan exploded perspective view of the essential portion of the conventional
compressor valve mechanism of Fig. 24.

25 Hereinafter, various embodiments of the present invention will be described with reference
to the attached figures.

Fig. 1 is an exploded view of a compressor valve mechanism, while Fig. 2 is a cross-

sectional vi¢w of an essential portion of the valve mechanism as viewed from an arrow A in
30 Fig. 1. ."
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In Figs. 1 and 2, reference numeral 101 represents a piston operable to compress a
refrigerant gas in a space within a cylinder 102 when it reciprocatingly moves within the
cylinder 102.- Reference numeral 103 represents a muffler having a muffler intake port 104
defined therein for sucking the refrigerant gas. .

Reference numeral 105 represents a suction gasket, and reference numeral 106
represents a suction reed having a reed valve 107. - Reference numeral 108 represents a valve
plate having two suction ports 110 defined therein in alignment with the reed valve 107.
Also, the valve plate 108 includes a first discharge port 111, a first discharge valve 112 for
selectively opening and closing the first discharge port 111, a first pass hole 112a, a second
discharge port 113, a second dischargé valve 114 for selectively opening and closing the
second discharge port 113, and a second pass hole 114a. The first and second discharge
valves 112.and 114 are secured to the valve plate 108 by means of fasteners 115.

Reference numeral 116 represents a discharge gasket interposed between the valve
plate 108 and a cylinder head 117. By the effect of sealing of the discharge gasket 116, 2
suction chamber 118 communicating with the suction ports 110 and first and second discharge
chambers 119 and 120 respectively communicating with the c_li_;charge,' ports 111 and 113 are
formed. The first discharge chamber 119 accommodates the first discharge valve 112 and
communicates with the first pass hole 112a, while the second discharge chamber 120
accommodates the second discharge valve 113 and communicates with the second pass hole
114a. - Both the first and second pass holes 112a and 114a communicate with the discharge
muffler 121. |

The operation and the effect of the compressor valve mechanism constructed as
hereinabove described will now be discussed. '

As a result of reciprocating movement of the piston 101, a refrigerant gas is
introduced frorﬁ the muffler intake port 104 into the suction chamber 118 through the suction
muffler 104 and then drawn intd the cylinder 102 froin the suction ports 110 by the effect of
selective opening and closure of the reed valve 107. |

The refrigerant gas compfessed within the cylinder 102 is discharged into the first and
second discharge chambers 119 aﬁd 120 after having flowed through the first and second

dischar_ge._borts 111 and 113 by the effect of selective opening and closure of the first and

)
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second discharge valves 112 and 114. Because the first and second discharge chambers 119
and 120 are formed separately, refrigeranf gas flows generated by the discharge do not
interfere with each other around the first and second discharge valves 112 and 114 and,
hence, the refrigerant gas flows smoothly through the first and second discharge ports 111 and
113. Accordingly, a lowering of the discharge efficiency can be avoided which has been
hitherto caused by an interference between a flow around the first discharge valve 112 and
another flow around the second discharge valve 114.

As described hereinabove, the compressor comprises a piston 101, a cylinder 102
accommodating the piston 101, a reed valve 107 for selectively opening and closing a suction
muffler 103 and suction ports 110, a valve plate 108 having two discharge ports 111 and 113
and two pass holes 112a and 114a, t»'vd discharge valves 112 and 114 mounted on the valve
plate 108, a cylixider head 117 having a suction chamber 118 and two discharge chambers 119
and 120, a discharge gasket 116 for sealing the valve plate 108 and the cylinder head 117, and
a discharge muffler 121. The first discharge chamber 119 accommodates the first discharge
valve 112 and communicates with the first discharge port 111 and the first pass hole 112a,
while the second discharge cher 120 accom‘modates.the second discharge valve 114 and
communicates with the second discharge port 113 and the second pass hole 114a. Also, the
first and second discharge chambers 119 and 120 are completely separated from each other
by the discharge gasket 116 to form respective independent spaces, while both the first and
second pass holes 112a and 114a communicate with the discharge muffler 121. This
construction eliminates interference of refrigerant gas flows which has been hitherto caused
by simultaneous introduction of i'efrigerant gas into a single discharge chamber through two
discharge holes, thus avoiding a lowering of the discharge efficiency.

As shown in Fig. 3, first and second discharge chambers 122 and 123 may have
different volumes, unlike the embodiment shown in Fxgs 1 and 2.

In the above-described construction, a refrigerant gas is dlscharged into the first and
second dlscharge chambers 122 and 123 through the ﬁrst and second discharge ports 111 and

113 by the effect of selective opening and closmg of the first and second discharge valves 112
and 114. '
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It is to be noted here that intermittent discharge of the refrigerant gas tends to generate
an undesirable pressure pulsation in the di%éharge chambers, and a relatively large pulsation
causes, as a pulsation source, an increase in vibration or noise. Because the first and second
discharge chambers 122 and 123 have different volumes and, hence have different frequencies
of pulsation, the refrigerant gas flows into the discharge muffler 121 through the first and
second pass holes 112a and 114a at the different frequencies of pulsation, thus avoiding an
increase in noise which may be caused by a resonance of refrigerant gas flows flowing into
the discharge muffler at the same frequency of pulsatidn. Also, the pulsation in the discharge
muffler can be considerably reduced by appropriately determining the volumes of the first and
second discharge chambers 122 and 123. '

As shown in Fig. 4, first and second pass holes 112b and 114b may have different
diameters. | _ | '

~ By the above-described construction, a refrigerant gas is discharged into the first and
second discharge chambers 122 and 123 through the first and second discharge ports 111 and
113 by the effect of selective opening and closing.of the first and second discharge valves 112
and 114. Thereafter, the reffigerant gas in the first and second discharge chambers 122 and
123 is discharged into the discharge muffler 121 through the first and second pass-holes 112b
and 114b. Because the two pass holes 112b and 114b have different diameters, refrigerant
gas flows pass therethrough at different speeds. Accordingly, the refrigerant gas flows have
different frequencies of pulsation when entering the discharge muffler 121, thus avoiding an
increase in noise which may be caused by a resonance of refrigerant gas flows ﬂbwing into
the discharge muffler at the same frequency of pulsation.

As shown in Fig. 5, the cylinder head 117 may have a mixing chamber 127 defined
therein, which communicates with first and second discharge chambérs 119b and 120b through
first and second communication holes 125 and 126, respectively. The miiing chamber 127
also communicates with the discharge muffler 121 through a pass hole 128.

By the above-described construction, a refrigerant gas is _dischargéd into the first and
second discharge chambers 119b and 120b through the first and second discharge ports 111
and 113 by the effect of selective opening and closing of the first and second discharge va.lves.

112 and 114.- Because the first and second discharge chambers 119b and 120b are separated

-
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from each other, refrigerant gases dischafged thereinto do not interfere with each other and,
hence, do not lower the discharge efficiency. The refrigerant gases in the first and second |
discharge chambers 119b and 120b are then introduced into the mixing chamber 127 after
having been throttled by the first and second communication holes 125 and 126. Because the
discharge of the refrigerant gases is intermittently performed, they pulsate. However,
because the refrigerant gases are throttled by the first and second communication holes 125
and 126, such a pulsation is relatively small.  Furthermore, the mixing chamber 127 acts as
a space alleviating intermittent gas flows flowing into the discharge muffler 121 through the
pass hole 128. Accordingly, pulsatibn inside the discharge muffler 121 is feduced and the
refrigerant gas flows smoothly, thus considerably reducing noise generation.

It is to be noted here that although in the above-described embodiment the valve plate
108 has been described as having two suction ports 110, it may have only.one suction port.

Referring now to Figs. 6 to 14, Fig. 6 is an éxplod¢d view of another compressor
valve mechanism, while Fig. 7 is a cross-sectional view of an essential portion taken along
line VII-VII in Fig. 6. | |

In Figs. 6 and 7, reference numeral 201 represents a piston operable to compress a |
refrigerant gas in a space within a cylinder 202 when it reciprocatingly moves within the
cylinder 202. Reference numeral 203 represents 2 muffler having a muffler intake port'204
defined therein for sucking the refrigeraxit gas. | _

. Reference numeral 205 represents a suction gasket, and a reference numeral 206

represents a suction reed having a reed valve 207. Reference numeral 208 represents a valve
plate having two suction borts 210 defined therein in alignment with the reed valve 207.

_ Also, the valve plate 208 inclﬁde‘s a first discharge port 211, a first discharge valve 212 for

25

selectively opening and closing the first discharge port 211, a second discharge port 213, a .
second dischargé valve 214 for selectively opening and closing the second discharge port 213, .
and pass holes 214a. ' ' o |

The first and second discharge valves 212 and 214 are connected with each other by
means of a valve end 214b and are formed intégrally therewith with the valve end 214b-
secured to the valve plate 208 by means of a fastener 215. |
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Reference numeral 216 represents a discharge gasket interposed between the valve
plate 208 and a cylinder head 217. By the effect of sealing of the discharge gasket 216, a
suction chamber 218 confronting the suction port 210 and a discharge chamber 219
confronting the discharge ports 211 and 213 are formed in the cylinder head 217. The
discharge chamber 219 communicates with a discharge muffler 221 via the pass holes 214a.

The suction reed 206, the valve plate 208 and the cylinder head 217 are sequentially
overlapped and mounted to an end face of the cylinder 202 by means of bolts 200.

The operation and the effect of the compressor valve mechanism constructed as
hereinabove described will now be discussed. - _ , _

~As a result of reciprocating movement of the piston 201, a refrigerant gas is
introduced from the muffler intake port 204 into the suction chamber 218 through the suction
muffler 203 and then drawn into the cylinder 202 by the effect of selective opening and
closure of the reed valve 207. |

The refrigerant gas compressed within the cylinder 202 is discharged into the
discharge chamber 219 after having flowed through the first and second discharge ports 211
and 213 by the effect of selective opening and closure of the first and second discharge valves
212 and 214 and then flows into the discharge muffler 221 through the péss holes 214a.

In Fig. 7, because the first and second discharge valves 212 and 214 are integrally
formed with each other in the form as connected through the valve end 214b, it has an effect
that mere securement of the valve end 214b to the valve plate 208 through the fastener 215
makes it possible to install the first and second discharge valves 212 and 214 accurately and
easily at respective positions aligﬁed ﬁvith the first and second discharge ports 211 and 213
and, therefore, assemblage can be extremely easily carried out.

As shown in Fig. 8 illustrating a sectional diagram of an essential portion of the
compressor val;re mechanism, first and second discharge valves 211a and 213a may have
different lengths D1 and D2 and, in view of the difference in length, they have different
frequencies of vibration. The difference in frequency of vibrati.dn rernders the resonance,
produced by the discharge valves when the refrigerant is discharged, to be different and,
therefore, -an effect of improvement of the discharge efficiency which would occur when

resonaqce"takes place can be properly adjusted to the different numbers of revolutions. At

N
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the same time, an increase of the hissing sound resulting from interference of sound which
is generated when they have their resonant frequenciés close to each other can be avoided,
thereby providing a high efficiency and a low noise property.

It is to be noted that because a proper value can be chosen with respect to the number
of revolutions, it can bring about an effect of optimization at the high number of revolutions
and the low number of revolutions when an inverter drive is carried out.

Also, because the pfoper valhe resulting from the resonance of the diécharge valves
varies relative to changes in flow resulting from changes in load, it has an effect of optimizing
at a high load and also at a low load. _

"As shown in Fig. 9, first and second discharge valves 211b and 213b may have
different widths W1 and W2 and, in view of the difference in width, they can have different
frequencies of vibration. The difference in frequency of vibration renders the resonance,
produced by the discharge valves when the refrigerant is discharged, to be different and,
therefore, an effect of improvement of the discharge efficiency which would occur when
resonance takes place can be properly adjusted to the different numbers of revolutions. At
the same time, an increase of the hissing sound resulting from interference of sound which
is generated when they have their resonant frequencies close to each other can be avoided,
thereby providing a high efficiency and a low noise property.

It is to be noted that because a proper value can be chosen with respect to the number
of revolutions, it can bring about an effect of optimization at the high number of revolutions
and the low number of revolutions when an inverter drive is carried out.

Also, because the proper value resulting from the resonance of the discharge valves

 varies relative to changes in flow resulting from changes in load, it has an effect of optimizing

at a high load and also at a low load.

Fig. 10. illustrates an exploded view of a modification of the compressor valve
mechanism of the present invention.. Reference numeral 321 represents a first discharge
valve, and reference numeral 322 represents a second discharge valve connected with the first
discharge valve 321 at a valve end 323 and formed integrally therewith. First and second
stoppers 324 and 325 are connected at a stopper end 326 and formed integrally with each
other. By fixing the valve end 323 by means of a set pin 327 formed on the stopper end 326,

[



10

15

20

25

30

-16 -

the first discharge valve 321 has its lift regulated by the first stopper 324, while the second
discharge valve 322 has its lift regulated by the second stopper 325. Accordingly, mere
securement of the stopper end 326 makes it possible to extremely easily regulate the lift of
each of the first and second discharge valves 321 and 322. At the same time, the first and
second dxscharge valves 321 and 322 can be instaﬂed at respective positions aligned with first
and second discharge ports 328 and 329, bringing about such an effect that assemblage can
be effectively and easily accomplished. |

The valve mechanism may be of a construction as shown in Fig. 11. In Fig. 11,
reference numeral 331 represents a ﬁrst discharge valve, and reference numeral 332
represents a second discharge valve connected with the first discharge valve 331 at a valve
end 333 and formed integrally therewith. First and second stoppers 334 and 335 are
connected at a stopper end 336 and formed integrally with each other with the valve end 333
fixed. The first ahd second stoppers 334 and 335 have bent portions 337 bent at respective
angles 01 and 62 so that their lifts can be h1 and h2 at respective ends 338 and 339.

Because the first and second discharge valves 331 and 332 have different lifts, the

behaviour of the refrigerant gas when the latter is discharged is different and, by providing

lifts appropriate to the numbers of revqutionS or performances, the discharge efficiency can
be optimized. Also, an increase of the fluid sound resulting from interference which would
occur when the first and second discharge valves 331 and 332 undergo similar behaviours can
be prevented. '

The valve mechanism may be of a construction as shown in Fig. 12. In Fig. 12,
reference numeral 341 represents a first discharge valve, and reference numeral 342
represents a second discharge valve, and 1ifts are regulated by first and second stoppers 346
and 347 of different lengths L1 and L2 as measured from bent portiohs 343 of their stopper
ends 342a to their free ends 344 and 345. In view of the first and second stoppers 346 and

347 having the different lengths, respective positions at which the first and second dischg;ge o

valves 341 and 342 contact the associated stoppers when the refrigerant gas is discharged are
different and, therefore, respective behaviours of the first and second discharge valves 341
and 342 when the refrigerant gas is discharged are difterent and, by providing the behaviours

appropriate to the numbers of revolutions or performances, the discharge efficiency can be

» 2
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optimized. Also, an increase of the fluid sound resulting from interference which would
occur when the first and second discharge valves 341 and 342 undergo similar behaviours can
be prevented. _

Alternatively, the valve mechanism is of a constfuction as shown in Fig. 13. In Fig.
13, reference numeral 351 represents a first discharge valve and reference numerél 352
represents a second discharge valve. A retaining portion 353 of a first stopper 351a and a
retaining portion 354 of a second stopper 352a have different lengths Al and A2,
respectively, and in view of this, respective lengths S1 and S2 of effective valve portions 355

~and 356 of the associated discharge valves are different from each other whereby the

discharge valves have different frequencies of vibration. The difference in frequency of
vibration renders the resonance, produced by the discharge valves when the refrigerant is
discharged, to be different and, the_refore, an effect of improvement of the discharge
efficiency which would occur when resonance takes place can be properly adjusted to the
different numbers of revolutions. At the same time, an increase of the hissing sound resulting
from interference of sound which is generated when they have their resonant frequencies close
to each other can be avoided, thereby pr’ovidihg a high efficiency and a low noise property.

It is to be noted that because a proper value can be chosen with respect to the number
of revblutions, it can bring about an effect of optimization at the high number of revolutions
and the low number of revolutions when an inverter drive is carried out.

_ ~ Also, because the proper value resulting from the resonance of the discharge valves
varies relative to changes in flow resulting from changes in load, it has an effect of optimizing
at a high load and also at a low load.

Fig. 14 illustrates an exploded view of another modification of the compressor valve
mechanism. First and second discharge ports 403 and 404 are defined in a recess 402 in a
valve plate 401,.and first and second discharge valves 405 and 4052 are arranged within the
recess 402 in the form as connected at a valve end and formed integrally with each other.

First and second stoppers 407 and 408 are connected at a stopper end 409 and are
formed integrally, and the valve end 406 is fixed within the recess 402 by pressing the valve
end 406 by meanis of a fastening portion 410 of the recess 402 to thereby allow the relative

positions of the first discharge valve 405 and the first discharge port 403 to be determined
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and also allow the lift of the first discharge valve 405 to be determined by the first stopper
407. Likewise, the relative positions of the second discharge valve 4052 and the second
discharge port 404 are determined and the lift of the second discharge valve 405a is
determined by the second stopper 408. In addition, by rendering the recess 402 to have a
depth equal to the sum of the stopper end 409 and the valve end 406, the stopper end 409 can
be press-fitted and formed on the same plane as a valve plate 401, and a suction chamber 412,
a first discharge chamber 413 and a second discharge chamber 414 can be formed in a
cylinder head 411 by the valve plate 401, the stopper end 409 and a discharge gasket 410.

Thué, by press-fitting the valve end 406 in the recess 402 by means of the stopper end
409, within two discharge chambers, discharge ports and discharge valves, one for each
discharge chamber, can easily be formed, exhibiting an excellent workability. Also, the
hissing sounds of the refrigerant resulting from selective opening and closure of the first
discharge valve 405 are gerremted within the first discharge chamber 413, while the hissing
sounds of the refrigerant resulting from selective opening and closure of the second discharge
valve 405a are generated within the second discharge chamber 414. Because both of them
do not interfere with each other, generation of abnormal sounds resulting from the
interference of the refrigerant sounds can be eliminated. | N

As hereinabove described; the compressor valve mechanism in which mounting of the
discharge valves is easy, accompanied by .a favourable workability can be obtained.

. Also, the compressor valve mechanism capable of exhibiting a favorable discharge

efficiency and minimizing noises of interference of the refrigerant gases and, hence, -

minimizing noise emission can be obtained.
Also, the compressor valve mechanism wherein the first and second discharge valves
and the first and second stoppers can 'easily be fixed can be obtained.
Hereinafter, an embodiment of the present invention will be described with reference
to Figs. 15 to 19. _ _ _ _
_ Re_fererice numeral 501 represents an electrically-operated sealed compressor in which
compressor elements 503 and a corhpressor unit 505 _integrated with an electric motor 504 are

elastically supported within upper and idwer regions of a sealed casing 502 by' means of
springs 506.- |

[
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Reference numeral 507 represents a cylinder block wherein a crank shaft 509 is
supported by a bearing 508 and a piston 512 is connected to an eccentric portion 510 thereof
by means of a connecting rod 511. Reference numeral 513 represents a valve plate provided
with a suction port 514 and a discharge port (not 'shown), and reference numeral 515
represents a reed valve for selectively opening and closing the suction port 514. Reference
numeral 516 represents a cylinder head. _

Reference numeral 517 represents a suction muffler coupled in a passage 518
extending from the suction port 514 to the suction muffler 517. Reference numeral 519
represents a refrigerant flow branch tube provided so as to open into a portion 519'of the

passage 518. Reference numeral 520 represents a refrigerant intake port of the suction

-muffler 517. Reference numeral 521 represents a suction pipe extending through the sealed

casing 502 so as to confront the refrigerant intake port 520.

The operation of the | electrically-operated sealed compressor constructed as
hereinabove described will now be described.

When the reed valve 515 is open during a suction stroke of the compressor 501, the
refrigerant gas flows from the suction muffler 517 into the cylinder through the passage 518.
When the piston 512 elevates into a compression stroke, the reed valve 515 is closed to

~ abruptly interrupt the flow of the suction gas within the tube 517, accompanied by an increase
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in internal pressure, allowing the flow from the opening 519’ into the refrigerant flow branch
tube 519. '

During the subsequént suction stroke, a negative pressure is developed within the
cylihder to allow the refrigerant gas to. be immediately supplied from the refrigerant flow
branch tube 519 so that the refrigerant can efﬁéiéntly be charged into the cylinder without
loosing the flow inertia of the refrigerant. |

Accordihgly, there is no possibility that the efficiency of charge into the cylinder
becomes worse as a result of the intermittent flow of the sucked refrigerant gas such as
occurring in the prior art and the s;u'ction efficiency can be maintained and improved.

| As shown in Fig. 17, a refrigerant flow branch tube 522 may be accommodated within

the suction muffler 517, and this can simplify the structure of the muffler 517 along with
improvement in suction efficiency.
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Alternatively, as.shown in Fig. 18, refrigerant flow branch tubes 523 and 524 of
different lengths are structured integrally with the suction muffler 517 and connected with the
passage 518.

In such case, where the number of revolutions of the electrically operated sealed

-compressor is, for example, S0Hz and 60Hz, it is assumed that the shorter refrigerant flow

branch tube 523 and the longer refrigerant flow branch tube 524 are tuned to 60Hz and 50Hz,
respectively. Gas columns within the tuned refrigerant flow branch tubes 523 and 524
resonate at the respective numbers of revolutions. During closure of the reed valve 515, the
refrigerant gas is charged in the refrigerant flow branch mbes 523 and 524, but during
opening of the reed valve 515, the function of the refrigerant flow branch tubes 523 and 524
are accelerated in synchronism with the cycle of flow into the cylinder.

By so doing, with the single muffler structure, an optimum suction efficiency can be
improved at a plurality of numbers of revolutions.

It is to be noted that in the foregoing description, the refrigerant flow branch tubes 523
and 524 have been accommodated within the muffler 517, similar effects can be obtained
even though they are structured separately.

Alternatively, as shown in Fig. 19, a refrigerant flow branch tube 5235 ‘may be
accommodated within the suction muffler 517 and opens at 525 in the vicinity of the suction
port 514. '

- By so doing, the flow inértia of the sucked refrigerant gas can be maintained and
improved in the vicinity of the suction port 514, and the time lag which would occur when
the refrigerant gas is chargéd into the cylinder after having passed from the refrigerant flow
branch tube 525 through the suction port 514 during the opening of the reed valve 515 can
be minimized to further improve the suction’éft_'gciency.

Itisto be noted that in the foregoing descﬁpﬁon, the refrigerant flow branch tube 525
has been accommodated within the mufﬂér 517, similar effects can be obtained even though
they are structured separately. o

In Figs. 1510 19, the refrigerant intake port 520 of the suction mutfler 517 is formed

so as to have a cross-sectional area smaller than the suction port 514.
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By the effect of maintenance and improvement of the flow inertia of the refrigerant
flow branch tubes 519, 522, 523, 524 and 525, noise can be effectively reduced by throttling
the section of the refrigerant intake port 520 which is an outlet for emission of noise into the
sealed casing 502, without causing the efficiency of charge of the refrigerant into the cylinder
to become worse. ' ' '

As hereinbefore described, according to the present invention, the intermittent flow
phenomenon of the refrigerant gas hitherto observed can be lessened and the flow inertia can
be maintained and improved, resulting in an improvement in suction efficiency.

Also, by integrating the suction .mufﬂer and the refrigerant flow branch tube together,
the structure can be simplified. '

In addition, by structuring the plural refrigerant flow branch tubes appropriate to the
respective numbers of revolutions, an optimum suction efficiency appropriate to the particular
number of revolutions can be obtained. :

Also, by causing the refrigerant flow branch tube to open in the vicinity of the suction
port, the suction efficiency can further be improved.

Yet, by rendering the refrigerant intake port of the suction muffler to be smaller than
the suction port, noise can effectively be reduced while maintaining the suction efficiency.

Thus, as compared .with the prior art electrically-operated sealed compressor,
advantageous effects of a high efficiency and low noise can be obtained.

- Hereinafter, another embodiment of the present invention will be described with
reference to Figs. 15 and 20 to 23.

In Fig. 20, reference numeral 19 represents a refrigerant flow branch tube provided
on the passage 518 and having a terminating end coupled with a closed small chamber 530.

To describe the operation of the electrically-operé.ted sealed compressor constructed
as hereinabove ;lescﬁbed, when the reed valve 515 is dpene_d during a suction stroke of the |
compressor 501, the refrigerant gas flows from the suction muffler 517 into the cylinder
through the paéSage_ 518. When the piston 512 elevates into a compression stroke, the reed
valve 5135 is closed to abruptly interrupt the flow of the suction gas, within the passage-518,
accompanied by an increase in internal pressure by the effect of a flow inertia to fill up the

closed ;mall chamber 530 through the branch tube 519. Accordingly; no upstream flow of

s
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the gas within the passage is halted. During the subsequent suctlon stroke, the gas within the
closed small chamber 530 unmedxately flows into the branch tube 519. Accordingly, the lag
time in which the flow of the sucked gas becomes dlsconunuous and no initial flow is
sufficiently developed such as occurring in the prior art'can be reduced, accompanied by an
increase in suction efficiency. | '

As shown in Fig. 21, a closed small chamber 533 may be accommodated within the
suction muffler 517. This construction is effective to simplify the structure of the muffler in
addition to improvement in suction efficiency.

Alternatively, as shown in Fig. 22, refrigerant flow branch tubes 534 and 535 of
different lengths and closed smail chambérs 536 and 537 of different volumes are integrally
structured with the suction muffler 517 and coupled with the passage 518. In such a case,
where the number of revolutions of the compressor differs, with the single muffler structure,
an optimum suction efficiency can be increased at a plurality of numbers of revolutions. It
is to be noted that the length and diameter of each of the branch tubes 534 and 535 and/or the
volume of each of the closed small chambers may not be always limited to those described
above and either of them may be changed;

Again alternatively, as shown in Fig. 23, not only is a closed srhall chamber 538
accommodated within the suction muffler 517, but also' a refrigerant flow branch tube 539
opens in the vicinity of the suction port 514. With this structure, any possible delay in flow
of the gas can further be reduced. |

Accordingly, becanse the suction effic1ency can be increased, the performance will not .
or little be reduced even if the section of the intake port 520 of the suction muffler 517 is
reduced. Accordingly, by throttling the section of the intake port 520 which provides an outlet
through which noise is expelled into the sealed casing 502, the noise can be reduced.

As hemMove described, according to this embodiment of the present invention, the
discontinuity of the refrigerant gas hitherto obsérved in the prior art suction system can be
lessened and the suction efficiency éan be increased, accompénied by an improvement in
muffling performance of the muffler. |

If thg: closed small chamber is disposed within the suction muftler, the structure of the

suction muffler can be simplified. Also, if the closed small chamber is so structured as to

-~
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correspond with the number of revolutions, the optirhum efficiency can be increased at the
plural numbers of revolutions. Moreover, by disposing an opening of the closed small
chamber in the vicinity of the suction port, the effect thereof can further be increased. Yet,
because in terms of performance the cross-sectional area of the intake port of the suction
muffler can be reduced to a value smaller than the suction port, the muffling performance can
be sufficiently increased to provide a quiet compressor having a high performance.
Although the present invention has been fully described by way of examples with
reference to the accompanying drawings, it is to be noted here that various changes and
modifications will be apparent to those skilled in the art. Therefore, unless such changes and

modifications otherwise depart from the spirit and scope of the present invention, they should
be construed as being included therein. | |
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CLAIMS

1. An electrically-operated sealed compressor comprising:

a sealed casing; | D o

compressor elements accommodated in said sealed casing and having an electric

motor, a cylinder, a piston, and a crankshaft; |

a suction muffler accommodated in said sealed casing;

a valve plate mounted on one of said compressor elements and having a suction port
defined therein;

- a reed valve for selectively opening and closing said suction port;

a passage extending from sa_id suction port to said suction muffler; and

a refrigerant flow branch tube opening into a portion of said passage;

wherein said reed valve is closed during a compression stroke, an internal pressure of
said passage is increased to allow a sucked gas to flow into said refrigerant flow branch tube,
and when said reed valve is opened during a subsequent suction stroke, the gas drawn into
said refrigerant flow branch tube is immediately supplied into said cylinder through said

suction port, avoiding reduction of a flow inertia of the gas.

2. The electrically-operated sealed compressor according to claim 1, wherein said

refrigerant flow branch tube is accommodated in said suction muffler.

3. The electrically-operated sealed compressor according to claim 1, further comprising

another refrigerant flow branch tube to improve an optimum suction efficiency according to
the number of revolution. |

4. The ele_ctrically-opérated sealed'compressor according to claim 1, wherein said

refrigerant flow branch tube has an opening disposed in the vicinity of said suction port.
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5. The electrically-operated sealed compressor according to claim 1, wherein said suction

muffler has a refrigerant intake port having a cross-sectional area smaller than said suction

port.

6. An electrically-operated sealed compressor comprising:

a sealed casing;

compressor elements accommodated in said sealed casing and having an electric
motor, a cylinder, a piston, and a crankshaft;

a suction muffler accommodated in said sealed casing;

~ a valve plate mounted on one of said compressor elements and having a suction port

defined therein; - |

a reed valve for selectively opening and closing said suction port;

a passage extending from said suction port to said suction mufﬂer; and

a closed small chamber formed so as to open into said passage through a branch tube;

wherein when said reed valve is .closed' during a compression stroke, an internal
pressure of said passage is increased to allow a sucked gas to flow into said small chamber
through said branch tube, and when said reed valve is opened'during a subsequent suction
stroke, the gas drawn into said small chamber is immediately supplied into said cylinder
through said suction port, avoiding reduction of a flow inertia of the gas.

7. The electrically-operated sealed compressor-according to claim 6, further comprising
another closed small chamber formed so as to open into said passage through another branch

tube for allowing a sucked gas to flow thereinto and flow out therefrom.

8. The electrically-operated sealed compreésor according to claim 6, wherein said closed
small chamber is accommodated in said suction muffler. -

9. The electrically-operated sealed compressor according to claim 6, wherein said closed

small chamber is open into said passage in the vicinity of said suction port.
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10.  The electrically-operated sealed compressor according to claim 6, wherein said suction

muffler has an intake port defined therein and having a cross-sectional area smaller than said
suction port. | "

11.  An electrically-operated sealed compressor comprising: -

a sealed casing;

compressor elements accommodated in said ‘sealed casing and having an electric
motor, a cylinder, a piston, and a crankshaft;

a suction muffler accommodated in said sealed casing;

* a valve plate mounted on one-of said compressor elements and having a suction port

defined therein;

a reed valve for selectively opening and closing said suction port;

a passage extending ffom said suction port to said suction muffler; and

a refrigerant flow branch tube opening into a portion of said passage for allowing a
sucked gas to flow thereinto and flow out therefrom;

wherein said suction muffler has a refrigerant intake port having a cross-sectional area
smaller than said suction port. .

12.  The electrically-operated sealed éompressor according to claim 11, wherein said

refrigérant flow branch tube is accommodated in said suction muffler.

13. The e'lectricaily-operated sealed compressor according to claim 11, further comprising
another refrigerant flow branch tube to improve an optimum suction efficiency according to
the number of revolution. -

14.  The electrically-operated sealéd. compfeséor according to claim 11, wherein said

refrigerant flow branch tube has an opening disposed in the vicinity of said suction port.
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15.  An electrically-operated sealed compreésor comprising:

a sealed casing; _

compressor elements accommodated in said sealed casing and having an electric
motor, a cylinder, a piston, and a crankshaft; . |

a suction muffler accommodated in said sealed casing;

a valve plate mounted on one of said corﬁpressor elements and having a suction port
defined therein; |

a reed valve for selectively opening and closing said suction port;

a passage extending from said suction port to said suction muffler; and

‘a closed small chamber formed so as to opén into said passage through a branch tube
for allowing a sucked gas to flow thereinto and'ﬁow out therefrom,

wherein said suction muffler has an intake port defined therein and having a cross-
sectional area smaller than said suction port.

16.  The electrically-operated sealed compressor according to claim 15, further comprising
another closed small chamber formed so as to open into said passage through another branch
tube for allowing a sucked gas to flow thereinto and flow out therefrom.

17.  The electrically-operated sealed compressor according to claim 15, wherein said closed
small chamber is accommodated in said suction muffler.

18.  The electrically-operated sealed compressor according to claim 15, wherein said closed
small chamber is open into said passage in the vicihity of said suction port.



