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- 1 - TITLE OF THE | NVENTI ON ENCLOSED COVWPRESSOR, FREEZER, AND REFRI GERATOR
BACKGROUND OF THE I NVENTION [Field of the Technol ogy] 5 The present
invention relates to an encl osed conpressor, a freezer, and a refrigerator
using hydrocarbon as a refrigerant. [Prior art] Conventionally, as a
refrigerant of a refrigerator 10 and an air conditioner, CFC

(chl orof |l uorocarbon) is wused, though the yse thereof is internationally
restricted froma consideration of the environnental problem and it is
switched to a refrigerant containing no chlorine such HFC
(hydrof |l uorocarbon). 15 Concretely, Rl134a (1,1,1,2-tetrafl uoroethane) having
t hermodynamni ¢ properties close to CFCl2 (dichlorodifluoronmethane) is used
for arefrigerator. At that tinme, in place of mneral oil having bad

conpatibility with the Rl34a refrlgerant ester oil is 20 used as freezer
oi |, thereby isTHaGE PFtTﬁSrIHWEHt O use. In Patent Docunent 1, an
exanple is indicated that Rl134a HEC series is _used as.a refrlgerant and

ester oil is us@HCQQSFPeg?@PR§§§ORHoﬁ§@§FERthé HFéEF§FFﬁ6éFQRt does not
cause 25 destrighianofft Bf WA SMBIETAR has @ large

[Field of the Technology]
5 The present invention relates to an enclosed
| compressor, a freezer, and a refrigerator using
hydrocarbon as a refrigerant.
[Prior art]
Conventionally, as a refrigerant of a refrigerator
10 and an air conditioner, CFC (chlorofluorocarbon) is
used, though the use thereof is internationally
restricted from a consideration of the environmental
problem, and it is switched to a refrigerant
containing no chlorine such HFC (hydrofluorocarbon).
15 Concretely, R134a (1,1,1,2-tetrafluoroethane) having
thermodynamic properties close to CFC12
(dichlorodifluoromethane) is used for a refrigerator.
At that time, in place of mineral oil having bad
compatibility with the R134a refrigerant, ester oil is
20 used as freezer o0il, thereby is made fit for practical
use. In Patent Document 1, an example is indicated
that R134a of HFC series is used as a refrigerant and
ester o0il is used as freezer oil.
However, the HFC refrigerant does not cause

25 destruction of the ozone layer but has a large



-2- greenhouse effect coefficient, thus fromthe viewpoint of gl obal
warm ng prevention, in recent years, a natural refrigerant such as an HC
(hydrocarbon) refrigerant of hydrocarbon series has been used and 5 has
been pronoted in practical use in a freezer of a refrigerator. Actually, in
Europe, a refrigerator wusing an HC refrigerant having a small gl obal
warm ng coefficient as a substitute refrigerant is comercialized. 10 Al so
i n Japan, under the condition that the HF refrigerant was designated as a
greenhouse effect substance in the Kyoto Conference O d obal Warm ng
Prevention (COP3) held in 1997, a refrigerator using isobutane (R600a) as a
refrigerant canme to be 15 manufactured and sold in around 2002. Wth an HC
refrigerant such propane (R290) or isobutane, naphthenic or paraffinic
m neral oil has high conpatibility. Further, it has excellent availability
and profitabiligyeandoupeacffeerecoasthgidfiitt hehtd€ febmi ghrantiewpobmnatal oi
is used as freezer oil (refer to Patent Docunent 2). Further, the effect
that as freezeofoglob&ltwerhipgzpreusnhgohheihiCreebnitggeams, aester oil can
be used is also indicated in Patent Docunment 3. 25 On the other hand, the
freezer is conpongbdral mefrigerant such as an HC (hydrocarbon)

refrigerant of hydrocarbon series has been used and

5 has been promoted in practical use in a freezer of a

refrigerator. Actually, in Europe. a refrigerator

using an HC refrigerant having a small global warming

coefficient as a substitute refrigerant is

commercialized.

10 Also in Japan, under the condition that the HFC
refrigerant was designated as a greenhouse effect
substance in the Kyoto Conference Of Global Warming
Prevention (COP3) held in 1997, a refrigerator using
isobutane (R600a) as a refrigerant came to be

15 manufactured and sold in around 2002.

With an HC refrigerant such propane (R290) or
isobutane, naphthenic or paraffinic mineral oil has
high compatibility. Further, it has excellent
availability and profitability and in a freezer using

20 the HC refrigerant, mineral o0il is used as freezer oil
(refer to Patent Document 2). Further, the effect that
as freezer o0il of the freezer using the HC refrigerant,
ester 0il can be used is also indicated in Patent

Document 3.

25 On the other hand, the freezer is composed of a



i

3 conpressor for conpressing a refrigerant at high tenperature and high
pressure, a condenser for condensing the conpressed refrigerant to a liquid
refrigerant, a deconpressing (expansion) mechanism5 such as a capillary
tube for deconpressing the refrigerant passing the condenser, and an
evaporator for evaporating the deconpressed refrigerant which are al
connected in series. For a refrigerator gqg an air conditioner, an encl osed
conpressor is used and as 10 indicated in Patent Docunents 4 to 6, a
constitution that a conpression elenent and an electrically driven elenent
are stored in an encl osed container is adopted. As an encl osed conpressor, a
reci procal conpressor having a piston noving back and forth as indicated in
15 Patent Docunents 4 to 6 is known and the reciprocal conpressor has a
structure of connecting a crank shaft and the piston with a connecting rod
(con rod) and <edmepiEsEOT hEonptompreossing shue¢frhgRragt aatohdgh) notion to a
reci procating notion. 20 As a connection nethod of the piston and con rod,
the so-cal |l ed btemPeREIreeandchigh RHERRETE nga bgorderpperferl bearing is
known and it is adopted in the enclosed conpressor indicated in Patent
Docunments 4 arfPEiennirgiehe corpfented rebrhoeraatteofat hianhder 25

spherical surface of the piston and a part of the .
refrigerant, a decompressing (expansion) mechanism

5 such as a capillary tube for decompressing the
refrigerant passing the condenser, and an evaporator
for evaporating the decompressed refrigerant which are
all connected in series. For a refrigerator and an air
conditioner, an enclosed compressor is used and as

10 indicated in Patent Documents 4 to 6, a constitution
that a compression element and an electrically driven
element are stored in an enclosed container is adopted.

As an enclosed compressor, a reciprocal compressor
having a piston moving back and forth as indicated in

15 Patent Documents 4 to 6 is known and the reciprocal
compressor has a structure of connecting a crank shaft
and the piston with a connecting rod (con rod) and
changing the motion of the shaft making a rotary
motion to a reciprocating motion.

20 As a connection method of the piston and con rod,
the so-called ball joint method for connecting by a
spherical bearing is known and it is adopted in the
enclosed compressor indicated in Patent Documents 4
and 5. In Patent Document 4, both a part of the inner

25 spherical surface of the piston and a part of the



- 4 outer spherical surface of the con rod are deleted, and the outer
spherical portion of the con rod is inserted into the inner spherical
portion of the piston, and then the piston is rotated, thus the con 5 rod
and piston are connected. Patent Docunent 5 uses a structure that the inner
spherical surface forned in the piston is nolded by plasticizing and the

i nner spherical surface envelops the sphegical portion formng an end of
the con rod. 10 And, between the spherical portion and the inner spherical
surface, there exists thernoplastic resin. On the other hand, Patent
Docunent 6 uses a piston pin to connect the piston and con rod. The piston
pin nethod positions the piston and con rod, inserts the 15 piston pin so
as to adjust the piston pinin the stretching direction of the crank shaft,

t hereby connects them Further, Patent Docunent 6 uses a _structure of
feeding a | ubri €4RheTt SPRREISPLASHELAEEr PEokBCoFOPhECH 860 9&AEtE st on pi n.

20 Patent Docunent, 1: Japanese Patent plicatio ai d- open _Pyblication No.
e 4(1992) - 183988 The: BHEoPocRRERLCSL BapAHGBe OPatBAt CRBPFPEaiPon Lai d- open

Publ i cati on No. ,2004-6Q952 Patent ,Docuneni 3. Japanese Patent. Application
25 La 0- open PubMPEAERGnIRGS B062188¢855Bherical” BoEtTon bE ke

piston, and then the piston is rotated, thus the con
5 rod and piston are connected.

Patent Document 5 uses a structure that the inner
spherical surface formed in the piston is molded by
plasticizing and the inner spherical surface envelops
the spherical portion forming an end of the con rod.

10 And, between the spherical portion and the inner
spherical surface, there exists thermoplastic resin.

On the other hand, Patent Docﬁment 6 uses a piston
pin to connect the piston and con rod. The piston pin
method positions the piston and con rod, inserts the

15 piston pin so as to adjust the piston pin in the
stretching direction of the crank shaft, thereby
connects them. Further, Patent Document 6 uses a
structure of feeding a lubricant to the sliding
portions of the piston and piston pin.

20 Patent Document 1: Japanese Patent Application
Laid-open Publication No. Hei 4(1992)-183788

Patent Document 2: Japanese Patent Application
Laid-open Publication No. 2004-60952

Patent Document 3: Japanese Patent Application

25 Laid-open Publication No. 2002-38135



- 5 Patent Docunent 4: Japanese Patent Application Laid-open Publication
No. 2003-184751 Patent Docunent 5: Japanese Patent Application Laid-open
Publ i cati on No. 2003-214343 5 Patent Document 6: Japanese Patent Application
Lai d- open Publication No. 2004-27969 SUMVARY OF THE | NVENTI ON The requests
for realization of energy-saving, mniaturization, and furthernore high
efficiency of a 10 freezer have been sevege_in recent years and the
severity of the internal conditions of the enclosed conpressor has been

i ncreased. Freezer oil plays roles of lubrication, sealing, and cooling of
the sliding portions in the refrigerant conpressor, though from 15 the

vi ewpoi nt of reservation of reliability of the conpressor, freezer oi
excellent in lubricity and particularly abrasion resistance is requested.
In Patent Docunment 2, naphthenic or paraffinic mneral oil is used as
freezer oil, though Pﬁ@nfODQGPWEP¢ fhy WPPﬁnP§8bEP§ﬁ@t(ﬁ@@@éFaF§°§x0e55|ver
hi gh, so that deterloratlogaof the viscosit xed sol ution of

refrigerant andl8tf-PBeRafil 183§FP9 Npp 298§ 3?635 foanlng i s caused

easily, so that the_ freez is easily put into_a no f.eed .,state and 25
defective lubricati8 ﬁtﬁg%mﬁpF HEgn béutJapanese Patent %ppllca 1lon

Laid-open Publication No. 2003-214343
5 Patent Document 6: Japanese Patent Application
Laid-open Publication No. 2004-27969
SUMMARY OF THE INVENTION
The requests for realization of energy-saving,
miniaturization, and furthermore high efficiency of a
10 freezer have been severe in recent years and the
severity of the internal conditions of the enclosed
compressor has been increased. Freezer oil plays roles
of lubrication, sealing, and cooling of the sliding
portions in the refrigerant compressor, though from
15 the viewpoint of reservation of reliability of the
compressor, freezer oil excellent in lubricity and
particularly abrasion resistance is requested.
In Patent Document 2, naphthenic or paraffinic
mineral oil is used as freezer o0il, though the
20 solubility with isobutane (R600a) is excessively high,
so that deterioration of the viscosity of a mixed
solution of refrigerant and oil is caused easily. In
addition, foaming is caused easily, so that the
freezer is easily put into a non-o0il feed state and

25 defective lubrication is worried about.



6 Further, naphthenic or paraffinic mneral oil has a nolecular structure
conposed of hydrocarbon and is al nbst non-polar oil, so that a problem
arises that it 1is not adsorbed to an iron series sliding nenber and 5 an
oil filmis hardly formed. Further, the HC refrigerator itself does not
contain chlorine and fluorine in the refrigerant nolecule, so that the

| ubricity of the refrigerant itself cannot _be expected. In Patent Docunent
3, an exanple that ester oil is 10 used as freezer oil is indicated, though
it does not <correspond to the severity of the aforenmentioned internal
conditions in the enclosed conpressor. As an electrically driven elenent for
driving the conpressor, an electrically driven notor is used. In 15 recent
years, under the nunber of rotations variable control of the electrically
driven notor due to inversion, control according to a | oad has been
executed. At that tFuatherst abodtheaigt iogn pagafdduiliceminerah @iHi dlasspeed
rotation area to a | ow speed 20 rotation area and realization of high
efficiency in @&h@olespéari sérngtareosompessdi 9fr Bydreearbpor 8Rr 1sin t he
encl osed conpressor, the abrasion _of the sliding portions in the encl osed
contai ner infl@tfees pAB-PelpabPiltysSef thaé éoBﬁPg§§8r?rA§eﬁ $Bag| iL§i ng

portion in the enclosed _container, the parts .
is not adsorbed to an iron series sliding member and

5 an oil film is hardly formed. Further, the HC
refrigerator itself does not contain chlorine and
fluorine in the refrigerant molecule, so that the
lubricity of the refrigerant itself cannot be expected.

In Patent Document 3, an example that estef oil is
10 used as freezer oil is indicated, though it does not
correspond to the severity of the aforementioned
internal conditions in the enclosed compressor.
As an electrically driven element for driving the
compressor, an electrically driven motor is used. 1In
15 recent years, under the number of rotations variable
control of the electrically driven motor due to
inversion, control according to a load has been
executed. At that time, a stable operation is required
from a high speed rotation area to a low speed
20 rotation area and realization of high efficiency in
the respective rotation areas is required.
Further, in the enclosed compressor, the abrasion
of the sliding portions in the enclosed container
influences the reliability of the compressor. As a

25 sliding portion in the enclosed container, the parts



7 such as the cl earance between the cylinder and the piston, the con rod -
pi ston connection portion, and the crank shaft - con rod connection portion

may be

cited. Anong them the problemof sliding on the con 5 rod -

pi ston

connection portion is caused nostly. On the con rod - piston connection

portion of the

crank shaft

sliding portions of the con rod 10 and/ or

reci procal conpressor, the |oad during one rotation of

i ston may be worn away or

generation of heat is increased, thus secureness of the material
resi stance and sel ection of optinmumfreezer oil are necessary. Further, the
severity of the internal conditions 15 of the conpressor causes a problem

of the contact
pi ston connection portion) or tenperature rise
f orseclangs etha cpeabaree obetweemctraseylindeér aodt bbe stress

Concretely,

(contact 20 surface pressure) caused by the shape and operation

stress at the sliding portions (for exanple, the con

of the conpresspistenprohteprnfrode- seistor connectiondrerntised, bgndhe
characteristics of a refrigerant and freezer oil and operation conditions
of the conpressbre erark pshaftnr ofon cbed ngeRe¢ htoRSPOFELoRIMaY | bemy be

cited.

10

15

20

25

cited. Among them, the problem of sliding on the con
rod - piston connection portion is caused mostly. On
the con rod - piston connection portion of the
reciprocal compressor, the load during one rotation of
the crank shaft is varied always, so that a problem
easily arises that the sliding portions of the con rod
and/or piston may be worn away or generation of heat
is increased, thus secureness of the material
resistance and selection of optimum freezer oil are
necessary.

Further, the severity of the internal conditions
of the compressor causes a problem of the contact
stress at the sliding portions (for example, the con
rod - piston connection portion) or temperature rise
due to generation of heat. Concretely, for example, a
problem of an increase in the contact stress (contact
surface pressure) caused by the shape and operation
conditions of the compressor, a problem of the seizure
limit load caused by the characteristics of a
refrigerant and freezer oil and operation conditions
of the compressor, or a problem of foaming of the

freezer oil may be cited.

t he

Is varied always, so that a prﬁblen1 easily arises that the

rod -

due to generation of heat.

condi ti ons



- 8 As a characteristic required for freezer oil to inprove the lubricity
of the sliding portions, the viscosity thereof in the conpatible state with
a refrigerant may be cited. Concretely, when the 5 viscosity increases
extrenely, it acts as resistance to sliding and there is a tendency to

| ower the efficiency of the freezer. On the other hand, when the viscosity
| owers extrenely, the characteristics as_ag lLubricant are deteriorated and a
probl em arises that 10 the sealability of the sliding portions |owers or
generation of heat and abrasion proceed. In Patent Docurment 4, the con rod
and piston are connected by the ball joint nmethod. And, both a part of the
i nner spherical surface of the piston and a 15 part of the outer spherical
surface of the con rod are deleted, and the assenbly capacity is excellent,
and the apparatus is structured so as to be mniaturized easily. Further,

a space for feedi ng®6r deLhardqtard stiife negimed £9F fraeadnhEd: itth portion
is ensured. 20 However, both a part of the inner, spherical surface of the
pi ston and a paFWPSPV?héhGUQSPI§SH§W|€§Itgﬁrﬁééglngfppﬁ§1€8ﬁ r &&8€ar e

del eted, so that .the gcontact area s. mde snal t hus the_surface

pressure of theViSFPELAY 68PFF8ﬁslPstgﬁtCPﬁpPﬁ&P§§s§Fa§§ Mt %Bafent Document

5 the spherlcag §%§Be%ani may be cited. Concretely, when the

5 viscosity increases extremely, it acts as resistance
to sliding and there is a tendency to lower the
efficiency of the freezer. On the other hand, when the
viscosity lowers extremely, the characteristics as a
lubricant are deteriorated and a problem arises that

10 the sealability of the sliding portions lowers or
generation of heat and abrasion proceed.

In Patent Document 4, the con rod and piston are
connected by the ball joint method. And, both a part
of the inner spherical surface of the piston and a

15 part of the outer spherical surface of the con rod are
deleted, and the assembly capacity is excellent, and
the apparatus is structured so as to be miniaturized
easily. Further, a space for feeding freezer oil to
the con rod - piston connection portion is ensured.

20 However, both a part of the inner spherical surface of
the piston and a part of the outer spherical surface
of the con rod are deleted, so that the contact area
is made smaller, thus the surface pressure of the
sliding portions is apt to increase.

25 In Patent Document 5, the spherical seat of the



- 9 ball joint structure is subject to both or either of the nitriding
treat nent and nanganese phosphate treatnent, and the spherical surface uses
a high- carbon chrom um steel material, and furthernore, 5 between the balls
and the ball seat, a buffer ring conposed of a thernoplastic resin materi al
such as PTFE or PFA is provided separately to inprove the abrasion
resistance. However, in this structure, thg _shape is processed by plastic
deformation, so that not 10 only it is necessary to ensure the workability
but also the cost is apt to increase structurally. Further, in
correspondence to the severity of the internal conditions of the encl osed
conpressor, an increase in abrasion due to a high load of the sliding
portions or 15 the characteristics of freezer oil such as foam ng and the
seizure limt load are not taken into account. Patent Docunment 6 adopts the
nmet hod for conne@ilngoint ebRuFbarandspsybdachytehBophspBnepthersfli, it uses
a structure of ensuring the feed route for feeding 20 freezer oil to the
sliding portionthetpbtphdine treatnephepndfangapese PRESPREE®nal conditions
of the conpressor, the problemthat the surface gressure is, increased or
the viscosity o?r??E%%%F'o?PdiEh?oﬁgP%ﬁlc?% ﬁBffﬁ ?tPEEFa?!plggken into
account . 25 The, ol &t 0l ot §nPLESEN mbPYRDL1 M $Q-PROYRSEe
5 between the balls and the ball seat, a buffer ring
composed of a thermoplastic resin material such as
PTFE or PFA is provided separately to improve the
abrasion resistance. However, in this structure, the
shape is processed by plastic deformation, so that not
10 only it is necessary to ensure the workability but
also the cost is apt to increase structurally. Further,
in correspondence to the severity of the internal
conditions of the enclosed compressor, an increase in
abrasion due to a high load of the sliding portions or
15 the characteristics of freezer 0il such as foaming and
the seizure 1limit load are not taken into account.
Patent Document 6 adopts the method for connecting
the con rod and piston by the piston pin. And, it uses
a structure of ensuring the feed route for feeding
20 freezer o0il to the sliding portions, though due to
further severity of the internal conditions of the
compressor, the problem that the surface pressure is
increased or the viscosity of freezer oil is lowered

is not particularly taken into account.

25 The object of the present invention is to provide



10 an encl osed conpressor, a freezer, or a refrigerator using the enclosed
conpressor or a freezer for realizing energy-saving, mniaturization, or
hi gh efficiency and inproving reliability of these 5 devices. To acconplish
t he above object, in an enclosed conpressor having an encl osed contai ner
with a conpression elenent and an electrically driven elenent stored
therein, a crank shaft and a piston driyegobx 10 the electrically driven
el enent being connected by a con rod, and~a connection portion between the
con rod and piston being slidable, in the first enbodi ment of the present
i nvention, isobutane (R600a) is used as a refrigerant conpressed by the
conpression elenent and 15 fatty ester oil having an ester |linkage in the
nol ecul e is used as freezer oil. Further, to acconplish the above object, in
the second enbodi nent, isobutane (R600a) is used as a refrigerant
conpressed by tdae encpoesdi compressot, andfPfefatrt yoesheredbrigbaatog a val ue
obt ai ned by converting the seizure limt |load by the Falex test to stress
| arger than Hertugisgrthe enoles¢@dcaspressact ostaefseeaért he connecti on
portion is used as freezer oil. Mire concretely, the contact surface
pressure at the 25 €onneealdmipgréenengyssaviMPa winhagheizahdonheor
high efficiency and improving reliability of these
5 devices.
To accomplish the above object, in an enclosed
compressor having an enclosed container with a
compression element and an electrically driven element
stored therein, a crank shaft and a piston driven by
10 the electrically driven element being connected by a
con rod, and a connection portion between the con rod
and piston being slidable, in the first embodiment of
the present invention, isobutane (R600a) is used as a
refrigerant compressed by the compression element and
15 fatty ester o0il having an ester linkage in the
molecule is used as freezer oil.
Further, to accomplish the above object, in the
second embodiment, isobutane (R600a) is used as a
refrigerant compressed by the compression element and
20 fatty ester o0il having a value obtained by converting
the seizure limit load by the Falex test to stress
larger than Hertz stress converted as contact stress
at the connection portion is used as freezer oil. More

concretely, the contact surface pressure at the

25 connection portion is 10 MPa or higher and the



- 11 connection portion has a structure capable of feeding the freezer
oil. Further, a nore preferable structure in the enbodinents aforenentioned
is as indicated below. 5 (1) Freezer oil at a seizure limt |oad of 3000 N
or nore obtained by the Falex test is used. (2) The viscosity of the freezer
oil is a kinematic coefficient of viscosity of 5to 15 ¢St at 40 C 10 (3)

As freezer oil, fatty ester oil having a 4fam ng capacity of 50 nL or |ower
and a foam stability of 10 mL or lower is used. (4) As fatty ester oil, the
fatty ester oil expressed by follow ng general fornmulas (1) to (3) (in 15

the formulas, Rl indicates an al kyl group of the hydrogen or carbon nunber 1
to 3, R2 indicates an al kyl group of the carbon nunber 5 to 12) is used.
(Chemical formula 1) 0 (1) 201l (R1-CH),-C (CH2-GGR2) 2 (Chem cal
formula 2) 0... (2) Il RI-CHz CG(CH2-OCR2)3
connection portion has a structure capable of feeding
the freezer oil.
Further, a more preferable structure in the
embodiments aforementioned is as indicated below.
5 (1) Freezer oil at a seizure limit load of 3000 N
or more obtained by the Falex test is used.
(2) The viscosity of the freezer o0il is a
kinematic coefficient of viscosity of 5 to 15 cSt at
40 °C.
10 (3) As freezer oil, fatty ester o0il having a
foaming capacity of 50 mL or lower and a foam
stability of 10 mL or lower is used.
(4) As fatty ester o0il, the fatty ester oil
expressed by following general formulas (1) to (3) (in
15 the formulas, R; indicates an alkyl group of the
hydrogen or carbon number 1 to 3, R, indicates an alkyl

group of the carbon number 5 to 12) is used.

(Chemical formula 1)

o] (1)

20 ]
(R;=CH,) ,~C~(CH,~0-C-R,),

(Chemical formula 2)

c") . ( 2)
R,~CH,~C~(CH,-0-C-R,),
25



25 - 12 - (Chemcal formula 3) O(3) it G(CHZ OCR2)4 5 (5) The fatty
ester oil indicated by the general fornmulas (1) to (3) contains fatty ester
oi | conposed of an unsaturated fatty acid and at this tinme, an

anti-oxidi zing agent is added. (6) The connection portion between the piston
and 10 the con rod is fornmed by connecting the inner spherical surface
inside the piston and the spherical portijgn_of the con rod by the bal

joint method, in the con rod, a through-hole interconnected from the
eccentric part of the crank shaft to the 15 connection portion for feeding
freezer oil to the connection portionis formed, and the freezer oil is fed
to the contact surface between the inner spherical surface of the piston
and the spherical portion of the con rod. 20 (7) The piston and the con rod
use an iron series  sintering material subject to the vapor treatnment or

gas soft-nitriding {+BePAeaL fREMEAEr3)in any of the aforementioned, the
ten- point average roughness Rz of the sliding surface of

§|> - (3)
C-(CH,-0-C-R)},

5 (5) The fatty ester oil indicated by the general
formulas (1) to (3) contains fatty ester oil composed
of an unsaturated fatty acid and at this time, an
anti-oxidizing agent is added.

(6) The connection portion between the piston and

10 the con rod is formed by connecting the inner
spherical surface inside the piston and the spherical
portion of the con rod by the ball joint method,

in the con rod, a through-hole interconnected from
the eccentric part of the crank shaft to the

15 connection portion for feeding freezer oil to the
connection portion is formed, and

the freezer o0il is fed to the contact surface
between the inner spherical surface of the piston and
the spherical portion of the con rod.

20 (7) The piston and the con rod use an iron series
sintering material subject to thé vapor treatment or
gas soft-nitriding treatment.

Further, in any of the aforementioned, the ten-
point average roughness Rz of the sliding surface of

25 the con rod on the connection portion between the



25 the con rod on the connection portion between the - 13 piston and con
rod is taken as 0.1 pmto 2.2 pm Furthernore, the clearance di nension of
both of the connection portion between the piston and con rod is taken as
3 pmto 10 m 5 Further, in the third enbodi nent of the present invention,
a freezer having an encl osed conpressor wth a conpression el enent and an
electrically driven element stored thereijp _a crank shaft and a piston
driven by the electrically driven elenent]being 10 connected by a con rod,
t he conpression el enment being internally included a sliding portion
therein, and the enclosed conpressor being directly connected to a
condenser, a deconpressing nechanism and an evaporator, wherein: 15

i sobutane (R600a) is used as a refrigerant conpressed by the conpression
elenment and fatty ester oil having an ester linkage in the nolecule is used
as freezer oilP1EEeRhaRd cant Redf 48r tAKEeRLBE| Aeht UBf tPhd-BrBBent 20
invention, a refrigerator, an enclosed conpressor having an encl osed
contai ner with BUE @@%Ponth%l%ﬁ%ﬁ?aﬁﬁﬁnghm%Péé?Pl€5IP9tBrP§eﬁh§Ienent
stored therein, a crapk shaft and a piston driven by the electrically
driven el enent %%P?@C'Eb%ee%‘éllﬁ? BeE‘G‘ﬁen the piston”and con rod is

taken as 3 yum to 10 um.

5 Further, in the third embodiment of the present
invention, a freezer having an enclosed compressor
with a compression element and an electrically driven
element stored therein, a crank shaft and a piston
driven by the electrically driven element being

10 connected by a con rod, the compression element being
internally included a sliding portion therein, and the
enclosed compressor being directly connected to a
condenser, a decompressing mechanism, and an
evaporator, wherein:

15 isobutane (R600a) is used as a refrigerant
compressed by the compression element and fatty ester
oil having an ester linkage in the molecule is used as
freezer oil.

Further, in the fourth embodiment of the present

20 invention, a refrigerator, an enclosed compressor
having an enclosed container with a compression
element and an electrically driven element stored
therein, a crank shaft and a piston driven by the
electrically driven element being connected by a con

25 rod, the compression element being internally included



25 rod, the conpression elenent being internally included - 14 a sliding
portion, and an evaporator arranged inside a heat insulation space
installed across a heat insulation wall fromthe encl osed conpressor for
conposing a cooling cycle together with the enclosed 5 conpressor, wherein:
i sobutane (R600a) is used as a refrigerant conpressed by the conpression
el ement and evaporated by the evaporatar,;and fatty ester oil having an
ester linkage in the nolecule is used as]Treezer oil. 10 According to the
present invention, energy-saving, mniaturization, and high efficiency of
an enclosed conpressor, a freezer, or a refrigerator are realized, thus
the reliability thereof can be inproved. BRI EF DESCRI PTI ON OF THE DRAW NGS
15 Fig. 1 is a drawing to show the cooling cycle of the enbodi nent of the
present invention. Fig. 2 is a conceptual dramﬁng to show the refrigerator
of the enbodi nedt sbiding pprtéan. aRdenn| eMapUakpy. agrppgdaed| angiidadenal
cross sectional viewto _show the enclosed_ conpressor of the enbodi nent of
the present inbeatidpsutpfion spagedinftadled 3r5REEhA PARErnal structure

of the piston in the encl osed conpressor of _the
insulation wall from the enclosed compressor for

composing a cooling cycle together with the enclosed
5 compressor, wherein:

isobutane (R600a) is used as a refrigerant
compressed by the compression element and evaporated
by the evaporator, and fatty ester oil having an ester
linkage in the molecule 1s used as freezer oil.

10 According to the present invention, energy-saving,
miniaturization, and high efficiency of an enclosed
compressor, a freezer, or a refrigerator are realized,
thus the reliability thereof can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

15 ‘Fig. 1 is a drawing to show the cooling cycle of
the embodiment of the present invention.

Fig. 2 is a conceptual drawing to show the
refrigerator of the embodiment of the present
invention.

20 Fig. 3 is a longitudinal cross sectional view to
show the enclosed compressor of the embodiment of the
present invention.

Fig. 4 is a drawing to show the internal structure
of the piston in the enclosed compressor of the

25 embodiment shown in Fig.3.



25 enbodi nent shown in Fig.3. - 15 Fig. 5is a drawing to show t he shape of
the con rod in the encl osed conpressor of the enbodi nent showmn in Fig.3.
Fig. 6 is a perspective view to show the om ssion 5 prevention nenber for
the con rod shown in Fig.7. Fig. 7 is a drawing to show the assenbly state
of the piston and con rod in the encl osed conpressor of the enbodi nent
shown in Fig.3. Fig. 8 is a graph to shqw;tshe change of abrasion 10 on the
sliding portion of the enclosed conpressor by wusing a plurality of the

freezer oil. Fig. 9 is a graph to show the results of the abrasion sliding
test on the sliding portion of the enclosed conpressor by using a plurality
of the 15 freezer oil. Fig. 10 is a drawing to show the seizure limt | oad
of the con rod specinmen by using a plurality of the freezer oil. Fig. 11 is

a drawing to show the relationship 20 between the surface roughness and the
seizure limt |oadFif-tRel6oR AsaviEgt tpi ebev [Fhg. shapesof EbRcEPhual

drawing to show the load at the contact point in the Falex test. DETAILED
DESCRI PTI ON OF T®t invERg| enclosed compressor of the embodiment shown

in Fig.3.
Fig. 6 is a perspective view to show the omission
5 prevention member for the con rod shown in Fig.7.

Fig. 7 is a drawing to show the assembly state of
the piston and con rod in the enclosed compressor of
the embodiment shown in Fig.3.

Fig. 8 is a graph to show the change of abrasion

10 on the sliding portion of the enclosed compressor by
using a plurality of the freezer oil.

Fig. 9 is a graph to show the results of the
abrasion sliding test on the sliding portion of the
enclosed compressor by using a plurality of the

15 freezer oil.

Fig. 10 is a drawing to show the seizure limit
load of the con rod specimen by using a plurality of
the freezer oil.

Fig. 11 is a drawing to show the relationship

20 between the surface roughness and the seizure limit
load in the con rod test piece.

Fig. 12 is a conceptual drawing to show the load
at the contact point in the Falex test.

DETAILED DESCRIPTION OF THE INVENTION

25 Hereinafter, an embodiment of the present



25 Hereinafter, an enbodi nent of the present - 16 invention wll be
explained with reference to the acconpanying drawings. Fig. 1 is a draw ng
showi ng the freezer relating to an enbodi ment of the present invention and
Fig. 2 5 is a conceptual diagramshowing the refrigerator relating to an
enbodi mrent of the present invention. As shown in Fig. 1, the freezer has a
structure that an encl osed conpressor 10Gd ar conpressing a refrigerant at
hi gh tenperature and high pressure, a 10 condenser 110 for radiating heat,

t hereby condensing the refrigerant, a capillary tube 120 as a

deconpressi ng nechani sm and an evaporator 130 for evaporating the
refrigerant, thereby absorbing heat, and generating cold air are connected
in series by a 15 refrigerant pipe 111. The solid line arrows shown in the
drawing indicate the flowng._direction of the refrigerant and the dotted
line arrows i ndiB¥EBLLAR Wﬁg@eﬁﬁn?xBﬂaﬁﬁﬁg.WTﬁB FeéereRcps tPndBeporated into
a heat insulation 20 box to_forma refrigerator. As shown in Fig. 2, the
encl osed conpr e@S6PMRABY PHeIEBNEBASer 110, the capillary tube 120, and the

evaporator 130 are _connected ia series. The ev%gor%tor 130 i %nranged in
the refrigerator an8*fy théSsfal&a¥iRdg8hgripgethe treezer relating

to an embodiment of the present invention and Fig. 2
5 is a conceptual diagram showing the refrigerator
relating to an embodiment of the present invention.
As shown in Fig. 1, the freezer has a structure
that an enclosed compressor 100 for compressing a
refrigerant at high temperature and high pressure, a
10 condenser 110 for radiating heat, thereby condensing
the refrigerant, a capillary tube 120 as a
decompressing mechanism, and an evaporator 130 for
evaporating the refrigerant, thereby absorbing heat,
and generating cold air are connected in series by a
15 refrigerant pipe 111. The so0lid line arrows shown in
the drawing indicate the flowing direction of the
refrigerant and the dotted line arrows indicate the
movement of heat.
The freezer is incorporated into a heat insulation
20 box to form a refrigerator. As shown in Fig. 2, the
enclosed compressor 100, the condenser 110, the
capillary tube 120, and the evaporator 130 are
connected in series. The evaporator 130 is arranged in
the refrigerator and by the state change of the

25 refrigerant flowing in the refrigerant pipe 111, the



25 refrigerant flowing in the refrigerant pipe 111, the - 17 inside of the
refrigerator is cooled. Further, also fromthe refrigerant pipe 111
arranged al ong the outer periphery of the heat insulation box, heat is

radi ated, thus dew condensation caused on the periphery of the 5 opening of
the refrigerator can be suppressed. Further, nuneral 115 indicates a drier.

Fig. 3 is a longitudinal cross sectional_vi-ew of the enclosed conpressor
100 relating to an enbodi ment of the present invention. The encl osed
conpressor 100 10 of this enbodinent is a reciprocal conpressor in which

the conpression elenent is structured by a piston 4 noving back and forth
in acylinder 1 which is formed integrally with a bearing portion la and a
frame |b installed in a enclosed container 101. On the |ower 15 part of the
frame |b, as an electrically driven elenent, a stator 5 and a rotor 6
conposi ng a not drsideeopr bhedeatangerateReiposPPLef - ecleRtReE. fabs® t he
rotational center of a crank shaft 7, a crank pin 7a_is installed. 20 The
crank shaft 7 phESBsthfr5a§K1gREaBEaPLRE 1pér 2rEANPEdoR1PRE thENBUARE
stretches fromthe_ | ower Eart of the frame Ib to the upper, part_thereof and

the crank pin F&TiBREREt 9F| thesdead dasydatdom iRdted Ritvels tFrdiaterd | b.

The | ower part of the crank_shaft 7 is .
thus dew condensation caused on the periphery of the

5 opening of the refrigerator can be suppressed. Further,
numeral 115 indicates a drier.
Fig. 3 1s a longitudinal cross sectional view of
the enclosed compressor 100 relating to an embodiment
of the present invention. The enclosed compressor 100

10 of this embodiment is a reciprocal compressor in which
the compression element is structured by a piston 4
moving back and forth in a cylinder 1 which is formed
integrally with a bearing portion la and a frame 1b
installed in a enclosed container 101. On the lower

15 part of the frame 1b, as an electrically driven
element, a stator 5 and a rotor 6 composing a motor
are provided and at the position eccentric from the
rotational center of a crank shaft 7, a crank pin 7a
is installed.

20 The crank shaft 7 passes through the bearing
portion la of the frame and stretches from the lower
part of the frame 1b to the upper part thereof and the
crank pin 7a is installed so as to be positioned above
the frame 1b. The lower part of the crank shaft 7 is

25 directly connected to the rotor 6 and the crank shaft



25 directly connected to the rotor 6 and the crank shaft - 18 7 is rotated
by the power of the notor. A constitution that the crank pin 7a and piston
4 are connected by a con rod 2 and the piston 4 is noved back and forth via
the crank pin 7a and con rod 2 is used. 5 Nanely, the encl osed conpressor
100 of this enbodi ment stores the conpression elenments such as the

cylinder 1 and piston 4 and the el ectricalqjlgy driven elenment such as the
notor in the enclosed container 101 and it is a prior condition to use a
constitution 10 that the rotary power fromthe electrically driven el enent
is transferred by the crank shaft 7. The connection structure of the con
rod 2 and piston 4 w1l be described |ater, though the piston 4 is opened
on the side of the crank shaft 7 and has the inner 15 spherical surface in
the opening. And, the refrigerant fed into the cylinder 1 is conpressed by
the reci procati hgifofPbatef PretBesPerer OAnBREhBOEBRpr &SP Fakt ¥ieken ger ant
is sent to the discharge pipe interconnecting to the cylinder _head 20 side.
The refrigerantthétrEP%rﬁﬁﬁnggEFﬂ 7t 8nehBiSEBApt e8E8r 2BBeGESdt RE Rondenser

110, deconpressin nﬁghanisn1120,,and evaporator _130 and éhg coolin cycle
havi ng these meSPanFefs2i @neoFRedPifhenehctBsBAVEBnPaAFkeR408°FERsY#act Ut ed

S0 as 1o the crank pin 7a and con rod 2 is used.

5 Namely, the enclosed compressor 100 of this
embodiment stores the compression elements such as the
cylinder 1 and piston 4 and the electrically driven
element such as the motor in the enclosed container
101 and it is a prior condition to use a constitution

10 that the rotary power from the electrically driven
element is transferred by the crank shaft 7. The
connection structure of the con rod 2 and piston 4
will be described later, though the piston 4 is opened
on the side of the crank shaft 7 and has the inner

15 spherical surface in the opening.

And, the refrigerant fed into the cylinder 1 is
compressed by the reciprocating motion of the piston 4
and the compressed gas refrigerant is sent to the
discharge pipe interconnecting to the cylinder head

20 side. The refrigerant is returned again into the
compressor 100 via the condenser 110, decompressing
mechanism 120, and evaporator 130 and the cooling
cycle having these mechanisms is formed.

The enclosed container 101 is structured so as to

25 store freezer o0il (lubricant), pump up it by the



25 store freezer oil (lubricant), punp up it by the - 19 punping action by
the rotation operation of the crank shaft 7, and send it to the conpression
el enent section. Further, the freezer uses a refrigerant (HC refrigerant)
of hydrocarbon series such as propane 5 (R290) or isobutane (R600a).
Further, a refrigerant wused in a refrigerator is desirably isobutane
(R600a). Next, the piston 4 wll be expl aigned by referring to Fig. 4. Fig.
4 is a drawing showing the piston 4 of this enbodinent, and Fig. 4 is a
detail ed diagramof 10 the internal structure of the piston 4 when the
piston 4 is viewed fromthe side of the crank shaft 7, and Fig. 4(b) is a
sectional view of the line A-A of Fig. 4(a), and Fig. 4(c) is a sectional
view of the line B- B of Fig. 4(a). 15 v%en the piston 4 is nounted on the

encl osed conpressor 100 as shown in g , the vertical direction of Fig.
4(a) coinci des RTPLRGAGEEPR CRY t@?r%% ?Eﬁo%fOPﬁEaEh%Po%Eth%nﬁF%%gor 100

shown in Fig urther, the lLateral direction of Fig is the 20
hori zont al dlre%Q?gﬁ Eon%%@t?%@dtthtglg% aﬁﬁpp¥%ﬁ%+ﬂ%s?l§$%€ tof Fig. 3.

Eherefore, Fi g. 4é€i sho gﬂ?A_A whlcg is a _ectlgp of}&gg
ori zontal plan® ef&’;f‘p CH3FE 9%\ I T hd i st on 4
and Fig. 4(c) §g§¥515£¥%§€ft5f”hydroggkb£h'gerles such as propane
5 (R290) or isobutane (R600a). Further, a refrigerant
used in a refrigerator is desirably isobutane (R600a).
Next, the piston 4 will be explained by referring

to Fig. 4. Fig. 4 is a drawing showing the piston 4 of

this embodiment, and Fig. 4 is a detailed diagram of

10 the internal structure of the piston 4 when the piston
4 is viewed from the side of the crank shaft 7, and
Fig. 4(b) is a sectional view of the line A-A of Fig.
4(a), and Fig. 4(c) is a sectional view of the line B-
B of Fig. 4(a).

15 When the piston 4 is mounted on the enclosed
compressor 100 as shown in Fig. 3, the vertical
direction of Fig. 4(a) coincides with the vertical
direction of the enclosed compressor 100 shown in Fig.
3. Further, the lateral direction of Fig. 4(a) is the

20 horizontal direction connecting this side and
innermost side of Fig. 3. Therefore, Fig. 4(b) shows
the section A-A which is a section of the horizontal
plane viewed from the upper side or lower side of the
piston 4 and Fig. 4(c) shows the section B-B which is

25 a section in the vertical direction viewed from the



25 a section in the vertical direction viewed fromthe - 20 left side or
right side of the piston 4. Further, in Fig. 4(b), the |lower side of the
drawing is the innernost side of the piston 4 and in Fig. 4(c), the right
side of the drawing is the innernost side of the 5 piston 4. The inner
spherical surface 4a of the piston 4, as described |ater, conposes the
bearing structure for receiving the outerspherical surface of the
spherical portion installed at the front end of the con rod 2 10 and the
section A-Ais shaped so as to envelop the outer spherical surface of the
con rod 2 at an angle of 180 or nore. Therefore, the outer spherical
surface of the con rod 2 is envel oped by the inner spherical surface 4a of
the piston 4 and the con rod 2 15 and the piston 4 are connected. On the

ot her hand, the section B-B is shaped so as to envelop the outer spherical
surface of the tehtrstéde ar Bhdhhgsedefofigbbe pisteBRs4andunidherctimn B-B
has a constitution that the sliding area is smaller than that of the
section 20 A AFigs #ER)i oklkd boWeE, shdetpfictheedrauinghésceheral angle of
the circular arc of the inner sPherica[ surface_4a in the horizontal
direction (the $RReFBASh-Skhie|Qr e Phster #hanrdthe Eidtr4lcingbReof the

right side of the drawing is the innermost side of the
5 piston 4.

The inner spherical surface 4a of the piston 4, as
described later, composes the bearing structure for
receiving the outer spherical surface of the spherical
portion installed at the front end of the con rod 2

10 and the section A-A is shaped so as to envelop the
outer spherical surface of the con rod 2 at an angle
of 180° or more. Therefore, the outer spherical
surface of the con rod 2 is enveloped by the inner
spherical surface 4a of the piston 4 and the con rod 2

15 and the piston 4 are connected. On the other hand, the
section B-B is shaped so as to envelop the outer
spherical surface of the con rod 2 at an angle of 180°
or less and the section B-B has a constitution that
the sliding area is smaller than that of the section

20 A-A.

As mentioned above, a structure that the central
angle of the circular arc of the inner spherical
surface 4a in the horizontal direction (the section A-
A) is made larger than the central angle of the

25 circular arc in the vertical direction (the section B-



25 circular arc in the vertical direction (the section B - 21 B) is used,
so that the ball joint structure that the section has a smaller sliding
area in the vertical direction is obtained. Therefore, a |ubricant passes
easily, and the route itself through which the 5 [ubricant passes is nade
shorter, and the lubricant easily flows in and out fromthe connection
portions, and the abrasion due to slidi.ngjcan be reduced. Further, the
flowing routes of the lubricant fromand into the sliding portions are
ensured, so that 10 abnormal generation of heat in the sliding portions can
be suppressed. Further, there is a concavity on the innernost side of the
i nner spherical surface 4a, so that the sliding surface can be nade
smal l er. When the encl osed conpressor 100 is in operation, 15 the piston 4
has sliding portions inside and outsjde, are a inding portion
I

bet ween the out®! 15e??ﬁﬂer§°th?ﬁetB?sP6ﬁl43%ﬁ%ttﬁEggﬁﬁBFepEP?EhEP

surface of the c knder 1 and a |d|n ortlon on,th connection portion
bet ween t he pis?%ﬂ #onhagna Eﬁﬂ 6rr6 1n9h%r?ﬂné? gBﬁeY?Echg rface 4a is

a sliding portion bgtmeen thg lﬁt 4.and the con d _when the
215 ding aren betEhesChiR! Tar SOERLABET | DR SR b A Hhr B B4 St ones
smal | er, though thely?ontgc£hguEgg e 9£§§ffr§hroug Wﬁlchngﬁease
5 lubricant passes is made shorter, and the lubricant
easily flows in and out from the connection portions,
and the abrasion due to sliding can be reduced.
Further, the flowing routes of the lubricant from and
into the sliding portions are ensured, so that
10 abnormal generation of heat in the sliding portions
can be suppressed. Further, there is a concavity on
the innermost side of the inner spherical surface 4a,
so that the sliding surface can be made smaller.
When the enclosed compressor 100 is in operation,
15 the piston 4 has sliding portions inside and outside.
Namely, they are a sliding portion between the outer
periphery of the piston 4 and the inner peripheral
surface of the cylinder 1 and a sliding portion on the
connection portion between the piston 4 and the con
20 rod 2. The inner spherical surface 4a‘is~a sliding
portion between the piston 4 and the con rod 2 and
when the sliding area becomes smaller, the portion
where abrasion occurs becomes smaller, though the
contact surface pressure is apt to increase.

25 As shown in Fig. 4, on the innermost side of the



25 As shown in Fig. 4, on the innernost side of the 22 inner spherical
surface 4a, there is a concavity 4a' and the sliding surface in the
vertical directionis |local. Assum ng the portion obtained by renoving the
concavity 4a' fromthe circular arc of the inner 5 spherical surface 4a as a
sliding portion, when the radius of the inner spherical surface 4a is r,
the size of the sliding portion in the _hgrizontal directionis r x 041 Xx
2, Wwhile the size in the wvertical directionis r x 042 x 2 (refer to Figs.
4(b) 10 and 4(c)). Since 041 > 042, above and/or below the inner spherical
surface 4a positioned on the innernost side of the inner periphery of the
piston 4, there exists a space and in the space, an om ssion prevention
menber 10 is arranged. 15 Next, the con rod 2 connected to the piston 4 wl|
be explained by referring to Fig. 5. The con rod 2 of this enbodi nent has a
structure that bmeeensPherieal sursfacepheri thérgoisi anconcavhh¥cted to the

i nner spherical surface 4a of the piston 4, and the other 20 end is a
bearing porti onaR@ theenstidingosuhbageahk theaveryicahddireeiiperison 2c
connects both ends thereof and Fig. 5 is a perspective view of the con rod
2 having this stPeRtur &SaENIIHHIMG PAHe Y fRtRLNahPE FERVHL DY | he

concavity 4a' from the circular arc of the inner

5 spherical surface 4a as a sliding portion, when the
radius of the inner spherical surface 4a is r, the
size of the sliding portion in the horizontal
direction is r x 041 x 2, while the size in the
vertical direction is r x 042 x 2 (refer to Figs. 4(b)

10 and 4(c)). Since 641 > 642, above and/or below the
inner spherical surface 4a positioned on the innermost
side of the inner periphery of the piston 4, there
exists a space and in the space, an omission
prevention member 10 is arranged.

15 Next, the con rod 2 connected to the piston 4 will
be explained by referring to Fig. 5. The con rod 2 of
this embodiment has a structure that one end thereof
is a spherical portion 2a connected to the inner
spherical surface 4a of the piston 4, and the other

20 end is a bearing portion 2b connected to the crank
shaft 7, and a rod portion 2c connects both ends
thereof and Fig. 5 is a perspective view of the con
rod 2 having this structure.

As shown in the drawing, the con rod 2 is

25 structured so as to include the spherical portion 2a



25 structured so as to include the spherical portion 2a - 23 inserted into
the i nner spherical surface 4a of the piston 4, the radial bearing portion
2b inserted into the crank pin 7a, and the rod portion 2c for connecting

t he spherical portion 2a and radial bearing 5 portion 2b and the outer
spherical surface of the spherical portion 2a has a structure that a part
of the sphere is notched. As nentioned_ahgve, a constitution that one side
and the other side of the spherical portidn 2a have a 10 plane portion 2a
is used, so that even if the piston 4 and con rod 2 are connected, the route
t hrough which a lubricant passes is short and the lubricant flows easily,
thus a structure that the |ubricant can be fed to the sliding portionis
obtained. 15 To connect the con rod 2 and piston 4, the plane portions 2a
formed on the spherical portion 2a of the con rod 2 are used. As shown in
Fig. 4(b), the imsertedphetrd ctite sinfexesdzenicahesprfeonm 4aief shhped so as
to envel op the spherical portion 2a of the con rod 2 20 at an angle of 1800
or nore and an ppehdhgl di Peestatial béarhegipoetiephebi tasestedatetda at the
section A-A is a dinension smaller than the outside diameter of the
spherical portithe2eramh phe 6 heandablle ¥od P hEeR| 97 HeFween the two

pl ane portions 2a' of the
connecting the spherical portion 2a and radial bearing

5 portion 2b and the outer spherical surface of the
spherical portion 2a has a structure that a part of
the sphere is notched.

As mentioned above, a constitution that one side
and the other side of the spherical portion 2a have a

10 plane portion 2a' is used, so that even if the piston
4 and con rod 2 are connected, the route through which
a lubricant passes is short and the lubricant flows
easily, thus a structure that the lubricant can be fed
to the sliding portion is obtained.

15 To connect the con rod 2 and piston 4, the plane
portions 2a' formed on the spherical portion 2a of the
con rod 2 are used. As shown in Fig. 4(b), the inner
spherical surface 4a of the piston 4 is shaped so as
to envelop the spherical portion 2a of the con rod 2

20 at an angle of 180° or more and an opening dimeﬁsion L
of the inner spherical surface 4a at the section A-A
is a dimension smaller than the outside diameter of
the spherical portion 2a. On the other hand, the
dimension between the two plane portions 2a' of the

25 con rod 2 is set to be smaller than the opening



25 con rod 2 is set to be smaller than the opening - 24 dinmension L of the
i nner spherical surface 4a. The portion of the opening dinension L is a gap
to insert the spherical portion 2a of the con rod 2. The pl ane portions 2a
of this enbodinment are 5 installed alnost in parallel, and the two pl ane
portions 2a' are inserted into the opening of the inner spherical surface
4a, and then the con rod 2 and piston 4 gre rotated relatively, thus the
both of them are connected. 10 The con roé 2 and piston 4 connected in this

way, if the both are not rotated relatively, since the opening dinmension
of the inner spherical surface 4a is smaller than the outside dianeter of
the spherical portion 2a, will not cone out and the sliding portion 15 can

be made snaller. However, if the both are rotated relatively due to any
action such as a shock, the connection between the con rod 2 and the piston
4 is rel eased, édmengionnl eofi thenbouerespherbeaprevehfiacendadt dilyzonnection,
a 20 om ssion prevention nenber 10 is provided. The om ssion prevention
menber 10 wil | B@rtéﬁplgfné@eb@P@@i@grgh@e@%i¢mgb.16 andap. tej gnserts a
perspective view of the omi ssion prevention nenber 10 of this enbodi nent
and Fig. 7 is atleasPheriedhi pgrthen 2a of the con rod 2.

The plane portions 2a' of this embodiment are
5 installed almost in parallel, and the two plane
portions 2a' are inserted into the opening of the
inner spherical surface 4a, and then the con rod 2 and
piston 4 are rotated relatively, thus the both of them
are connected.

10 The con rod 2 and piston 4 connected in this way,
if the both are not rotated relatively, since the
opening dimension of the inner spherical surface 4a is
smaller than the outside diameter of the spherical
portion 2a, will not come out and the sliding portion

15 can be made smaller.

However, if the both are rotated relatively due to
any action such as a shock, the connection between the
con rod 2 and the piston 4 is released, so that in
this embodiment, for prevention of disconnection, a

20 omission prevention member 10 is provided.

The omission prevention member 10 will be
explained by referring to Figs. 6 and 7. Fig. 6 is a
perspective view of the omission prevention member 10
of this embodiment and Fig. 7 is a drawing showing the

25 state of the piston 4 and con rod 2 which are



25 state of the piston 4 and con rod 2 which are - 25 connected after the
om ssion prevention nenber 10 is incorporated. It is a characteristic that
the omi ssion prevention nmenber 10 is shaped so as to have additionally an
action as a rotation restriction 5 nenber to prevent the relative rotation
of the con rod 2 and piston 4 and is fixed on the side of the piston 4
instead of the side of the con rod 2. As §Bomn in Fig. 6, the om ssion
prevention nmenber (and the rotation restriction nenber, the same may be 10
said with the followng) 10 of this enbodinment is structured so as to
include a first elastic portion 10a, a second elastic portion 10b, a
support section 10c for connecting both elastic portions 10a and 10b, and
a rotation restriction section 10d for restricting 15 the relative rotation
of the con rod 2. Anong these conponents, the first elastic portion 10a and
second el asti cCYReFeRd 1DBLRF cther QHFEHEIN \PESV el TembeRr ] HHEs al

portion of the opening of the piston 4 and the om ssion prevention nenber
10 i s support ediBoERpRrated | 4t ii® ﬁoF@é‘l‘taIﬁ’éreéé-fS Ithdhadt dheoP™iesiarct i on
section 10d, when the con rod 2 and piston 4 intend to rotate relatively,

forms walls fRTEERTIR ITRHRIT oY 1heSh@RIS 0 AF ik MY opposite to

each ot her. \Wen_the conliod 2 is nounted,
addition y an action as a rotation restriction

5 member to prevent the relative rotation of the con rod
2 and piston 4 and is fixed on the side of the piston
4 instead of the side of the con rod 2.
As shown in Fig. 6, the omission prevention member
(and the rotation restriction member, the same may be
10 said with the following) 10 of this embodiment is
structured so as to include a first elastic portion
10a, a second elastic portion 10b, a support section
10c for connecting both elastic portions 10a and 10b,
and a rotation restriction section 10d for restricting
15 the relative rotation of the con rod 2. Among these
components, the first elastic portion 10a and second
elastic portion 10b are in contact with the inner
peripheral portion of the opening of the piston 4 and
the omission prevention member 10 is supported by the
20 elastic force thereof.

The rotation restriction section 10d, when the con
rod 2 and piston 4 intend to rotate relatively, forms
walls for restricting it and the walls are installed
opposite to each other. When the con rod 2 is mounted,

25 the plane portions 2a' formed on the spherical portion



25 the plane portions 2a' fornmed on the spherical portion 26 2a of the con
rod 2 and the respective rotation control sections 10d are arranged
opposite to each other. The rotation restriction sections |0d have al nost

5 plane portions and the two rotation restriction portions opposite to each
other are installed alnost in parallel. Nanely, between the two rotation
restriction sections 10d opposite to each,@ther, the respective rotation
restriction sections 10d and the 10 plane portions 2a' on the side of the
con rod 2 are arranged so as to face each other. Between the plane

portions 2a' and the rotation restriction sections 10d, gaps are provided
and in the normal operation state, the both of them do not make contact

w th each other. 15 Further, the omi ssion prevention nenber 10 has a
stretching portion be stretching outside fromthe support section 10c. The
end of the stretamhgthrecdnirode? iand oedretrestive beobrhitomn t he opposite
side of the elastic portions 10a and 10b. 20 Fig. 7 is a drawi ng show ng
the nmounting steARFLl feriiRssiGh grearRIngeedRReste theagly. 7(a) is a
perspective view, and Fig. 7(b) is a transverse cross sectional view Wen
t he onission pr&&a#ion member 10 is nounted, the first elastic portion 10a

gener at es . o )
The rotation restriction sections 104 have almost

5 plane portions and the two rotation restriction
portions opposite to each other are installed almost
in parallel. Namely, between the two rotation
restriction sections 104 opposite to each other, the
respective rotation restriction sections 104 and the

10 plane portions 2a' on the side of the con rod 2 are
arranged so as to face each other. Between the plane
portions 2a' and the rotation restriction seCtions 104,
gaps are provided and in the normal operation state,
the both of them do not make contact with each other.

15 Further, the omission prevention member 10 has a
stretching portion 10e stretching outside from the
support section 10c. The end of the stretching section
10e is formed so as to be bent on the opposite side of
the elastic portions 10a and 10b.

20 Fig. 7 is a drawing showing the mounting state of
the omission prevention member 10, and Fig. 7(a) is a
perspective view, and Fig. 7(b) is a transverse cross
sectional view. When the omission prevention member 10
is mounted, the first elastic¢ portion 10a generates

25 pressing force to the inner peripheral part 4b of the



e

25 pressing force to the inner peripheral part 4b of the - 27 piston 4 and
the om ssion prevention nenber 10 is fixed to the inside of the opening of
the piston 4 by frictional force. Simlarly, the second elastic portion
makes contact with the inner peripheral part 5 4b and the om ssion
prevention nmenber 10 is strongly fixed to the inside of the opening of the
pi ston 4. The om ssion prevention nmenber ,10_is fixed like this, thus even
if the piston 4 is rotated in the cylindéf 1 and the con rod 2 and piston 4
are intended 10 to rotate relatively, the con rod 2 can be structured so
as not to reach the position omtted fromthe piston 4. Further, when the
end of the stretching section be is inserted in a groove 4c, fromthe

rel ationship 15 between the bent shape of the stretching section be and the
om ssion direction of the om ssion prevention nenber 10, by supporting by
the front end dfisten 4tamst dliengpmisssiam preeventisyl aremdiex hel cioh rod 2 can
be prevented fromthe piston 4. On the other hand, 20 when nounting the

omi ssi on preverftixad fentidre imside qhethamdPrnine of e migtaect iBh be is
pressed in up to the position of the groove 4c, the both of themare

connect ed S|on@r%ﬁﬁ}qqﬂirﬁﬁFRQ&blS#@?léaﬁYbethﬁpﬁéﬁéad elgstdfore, even when

force is acted in the direction ) ) .
portion makes contact with the inner peripheral part

5 4b and the omission prevention member 10 is strongly
fixed to the inside of the opening of the piston 4.
The omission prevention member 10 is fixed like
this, thus even if the piston 4 is rotated in the
cylinder 1 and the con rod 2 and piston 4 are intended

10 to rotate relatively, the con rod 2 can be structured
so as not to reach the position omitted from the
piston 4.

Further, when the end of the stretching section
10e is inserted in a groove 4c, from the relationship

15 between the bent shape of the stretching section 10e
and the omission direction of the omission prevention
member 10, by supporting by the front end of the
stretching section 10e, omission of the con rod 2 can
be prevented from the piston 4. On the other handg,

20 when mounting the omission prevention member 10, if
the end of the stretching section 10e is pressed in up
to the position of the groove 4c, the both of them are
connected simply and the mountability can be improved.
Therefore, even when force is acted in the direction

25 of omission of the omission prevention member 10 from




25 of om ssion of the om ssion prevention nmenber 10 from 28 the piston 4,

it is prevented and the piston 4 and con rod 2 can be prevented from

di sconnection. Next, the structure for feeding a lubricant (freezer oil) to
the sliding portion will be explained. 5 As shown in Fig. 7(b), in the con
rod 2, a through hole 2g is fornmed. The through-hole 2g passes through from
the bearing portion 2b to the end of the gpberical portion 2a via the rod
portion 2c. The lubricant collected in t%e encl osed container 101 is 10
pulled up by rotation of the crank shaft 7 and a part thereof is scattered
from above the crank shaft 7a. The scattered lubricant is fed to the
sliding portion between the cylinder 1 and the piston 4 and anot her one
part of the lubricant is led to the sliding 15 portion between the piston 4
and the con rod 2 via the through-hole 2g. On the innernost side of the

i nner spheri calthes pifstan 4a, ids iemuomntethand the Rigicdyi4 yamh' cdns

provi ded. The concavity 4a' plays a role of 20 tenporarily collecting the

| ubricant fed k94 He ca&dl ik MFPEtiesh frasmddscamasidgifthol e 2g or the

| ubricant scattered fromthe upper part of the crank _pin 7a, arrived at the
pl ane portion 2a' f¥#¥ed Gt tHerudlpied urLpdiMe 3pHBTEEA hortion 2a, and

fed from . L . .
(freezer o0il) to the sliding portion will be explained.

5 As shown in Fig. 7(b), in the con rod 2, a through-
hole 2g is formed. The through-hole 2g passes through
from the bearing portion 2b to the end of the
spherical portion 2a via the rod portion 2c. The
lubricant collected in the enclosed container 101 is

10 pulled up by rotation of the crank shaft 7 and a part
thereof is scattered from above the crank shaft 7a.
The scattered lubricant is fed to‘the sliding portion
between the cylinder 1 and the piston 4 and another
one part of the lubricant is led to the sliding

15 portion between the piston 4 and the con rod 2 via the
through-hole 2g.

On the innermost side of the inner spherical
surface 4a, as mentioned above, the concavity 4a' is
provided. The concavity 4a' plays a role of

20 temporarily collecting the lubricant fed to the
sliding portion from the through-hole 2g or the
lubricant scattered from the upper part of the crank
pin 7a, arrived at the plane portion 2a' formed on the
upper side of the spherical portion 2a, and fed from

25 the upper plane portion 2a' to the sliding portion.




25 the upper plane portion 2a' to the sliding portion. - 29 Further, as
ment i oned above, the om ssion prevention nenber 10 is installed opposite to
the plane portion 2a', though a gap is provided between the plane portion
2a' and the om ssion prevention 5 nenber 10, so that the lubricant can be
fed to the sliding portion via the upper plane portion 2a'. Next, the
sliding portion will be explained. Due to ghe severity of the internal
conditions of the enclosed conpressor, th probl em of abrasion of the 10
sliding portion is actualized and a problemarises that the reliability is
apt to be lowered. And, as a result of repetitive investigation, it is
found that the problens are caused by an increase in the contact surface
pressure, insufficient feed of lubricant, or 15 generation of heat in the
sliding portion. Particularly, under the aforenentioned severity
conditions, it is fhwnthéhatad ercoiveed siowss tdie tdeissiomi ng portion is
apt to increase. Therefore, to search for an optinmum shape of the
connecti on por tnmyverdldrheneatireasildn i iidigigaltlest opge sEixec uteedcien vari ous
shapes using the actual machine and as a result, it is found that when the
val ue convert ed®ltageH@art isny s’ i Shaugly @agad Higlprwyiged dedwssad 10 MPa,
the abrasion of the sliding portion becones conspi cuous and
the plane portion 2a' and the omission prevention
5 member 10, so that the lubricant can be fed to the
sliding portion via the upper plane portion 2a’'.

Next, the sliding portion will be explained. Due
to the severity of the internal conditions of the
enclosed compressor, the problem of abrasion of the

10 sliding portion is actualized and a problem arises
that the reliability is apt to be lowered. And, as a
result of repetitive investigation, it is found that
the problems are caused by an increase in the contact
surface pressure, insufficient feed of lubricant, or

15 generation of heat in the sliding portion.

Particularly, under the aforementioned severity
conditions, it is found that the contact stress at the
sliding portion is apt to increase. Therefore, to
search for an optimum shape of the connection portion,

20 the abrasion sliding test was executed in various
shapes using the actual machine and as a result, it is
found that when the value converted to Hertz stress is
increased high so as to exceed 10 MPa, the abrasion of

the sliding portion becomes conspicuous and

25 furthermore, a reduction in the reliability of the



25 furthernore, a reduction in the reliability of the 30 whole apparatus is
caused easily. The knowl edge thereof will be described belowin detail. In
the reci procal conpressor as described in this enbodinent, as a nain
sliding portion, the con rod - 5 piston connection portion, the piston -
cylinder sliding portion, the crank shaft - con rod sliding portion, and
the crank shaft as a main shaft - bearing sliding portion nay be cited. The
abrasion sliding test was executed for -t B encl osed conpressor as shown 10
in Fig. 3 and as a result, it is found that anmong these sliding portions,
the abrasion of the con rod - piston connection portion i s nbst conspi cuous.
The cause of increasing the abrasion | oss of the con rod - piston
connection portion was investigated 15 and as a result, it is found that
the con rod - piston connection portion is different in the sliding form

fromthe other gldfd negpr_p&q{@gsisﬁggusé& éésj‘_%ﬁ.”d 'Itl{@_tkndvheedgé(fer ence in

the sliding formis caused by the nption of e sliding portion at tinme of

operation of  2thdheenel P ek COIPELTSE - b6, ik e 41 di ng di stance of one
cycle of each sliding portion will be considered. (A) The con rod - piston

connection portion ig eh&l +8&NEro6ali 86mpHEsSHAt 88 B¥stheveg! dhi veigotion of
the con rod and
embodiment, as a main sliding portion, the con rod -

5 piston connection portion, the piston - cylinder
sliding portion, the crank shaft - con rod sliding
portion, and the crank shaft as a main shaft - bearing
sliding portion may be cited. The abrasion sliding
test was executed for the enclosed compressor as shown

10 in Fig. 3 and as a result, it is found that among
these sliding portions, the abrasion of the con rod -
piston connection portion is most conspicuous.

The cause of increasing the abrasion loss of the
con rod - piston connection portion was investigated

15 and as a result, it is found that the con rod - piston
connection portion is different in the sliding form
from the other sliding portions. And, it is found that
the difference in the sliding form is caused by the
motion of the sliding portion at time of operation of

20 the enclosed compressor.

Here, the sliding distance of one cycle of each
sliding portion will be considered. (A) The con rod -
piston connection portion is a sliding portion
generated by the relative motion of the con rod and

25 piston. Viewed from the piston side, the con rod



25 piston. Viewed fromthe piston side, the con rod 31 executes the

reci procating rotary notion at a predeterm ned angle at the ball joint
structure portion. (B) The piston - cylinder sliding portionis a sliding
portion generated by the relative notion of 5 the piston and cylinder and
executes the reciprocating notion at a distance according to the anount of
eccentricity of the crank pin. (C The crank shaft - con rod sliding portion
is a sliding portion generated by the rel 3tive notion of the crank shaft
(crank pin) 10 and con rod and nmakes one rotation in one cycle at the
radi al bearing portion of the con rod. (D) The sliding portion of the main
shaft portion is a sliding portion generated by the rotary notion of the
crank shaft by the electrically driven elenent and makes one rotation 15
in one cycle. Wen the notion forns of the sliding portions of (A to (D)

are classified, éfgcﬁggécEEbrfgbi€£#?%f§?§cp@9§f§iﬁgkfgﬁtggnaexecutes a

| ow- speed reciprocating notion, the plston - cylinder sliding 20

portion executespfb&@ggfﬁiﬁgﬁl5§%%@r&@a{ﬁggbgpii9@inta§gr&g}ufge crank shaft

- con rod sliding portion and the sliding portion of the main shaft

portion execut ep@ri i SREH TH ikt -0y 1AMEert R iG@Ihd Ybrtiistian
connection portion executing the ['ow speed
a sliding portion generated by the relative motion of
5 the piston and cylinder and executes the reciprocating
motion at a distance according to the amount of
eccentricity of the crank pin. (C) The crank shaft -
con rod sliding portion is a sliding portion generated
by the relative motion of the crank shaft (crank pin)
10 and con rod and makes one rotation in one cycle at the
radial bearing portion of the con rod. (D) The sliding
portion of the main shaft portion is a sliding portion
generated by the rotary motion of the crank shaft by
the electrically driven element and makes one rotation
15 in one cycle.
When the motion forms of the sliding portions of
(A) to (D) are classified, (A) the con rod - piston
connection portion executes a low-speed reciprocating
motion, while (B) the piston - cylinder sliding
20 portion executes a high—speéd reciprocating motion,
and (C) the crank shaft - con rod sliding portion and

(D) the sliding portion of the main shaft portion

execute a high-speed rotary motion. And, the con rod
piston connection portion executing the low-speed

25 reciprocating motion is easily applied with the load



25 reciprocating notion is easily applied with the load 32 at tine of
refrigerant conpression, thus boundary |lubrication is caused easily. On the
ot her hand, on the other sliding portions, fromthe relationship of the
nmotion formor the direction of the load, fluid 5 lubrication is maintai ned
easily. These relationships are sumarized as shown in Table 1. Further,
the high speed and | ow speed nentioned above are relative, though in this
enbodi nent, as a sliding portion at the-n3ai rum sliding speed, the con 10
rod - piston sliding portion is cited. Further, the reciprocating notion
I ncludes not only the linear reciprocating notion by sliding between the
cylindrical surfaces like the piston - cylinder sliding portion but also
the rotary reciprocating 15 notion by sliding between the spherical surfaces
like the con rod - piston sliding portion, so that it indicates a notion
with the forward path and.b t . 20 L din art

a P Elm 9f %%ﬁé‘f#%ﬁaﬁgoaorﬁ}gﬁéggtog Jﬁl% e%&ur?‘%%% g p

Motion Sliding form™crassi OW speed Boun (A) piston

reci procating mofion Luprigatiog FLgt o0 114 IRsSRSRA A nana, on

the other sliding portions, from the relationship of

the motion form or the direction of the load, fluid

5 lubrication is maintained easily. These relationships
are summarized as shown in Table 1.

Further, the high speed and low speed mentioned

above are relative, though in this embodiment, as a
sliding portion at the minimum sliding speed, the con

10 rod - piston sliding portion is cited. Further, the
reciprocating motion includes not only the linear
reciprocating motion by sliding between the
cylindrical surfaces like the piston - cylinder
sliding portion but also the rotary reciprocating

15 motion by sliding between the spherical surfaces like
the con rod - piston sliding portion, so that it
indicates a motion with the forward path and backward

path shared.

20 Table 1
s Motion . o
Sliding part classification Sliding form
Con rod - Low-speed Boundary
(A)piston reciprocating motionjlubrication
Piston - High-speed Fluid
(B) lcylinder reciprocating motion{lubrication
Crank shaft - High-speed rotary Fluid
(C)icon rod motion lubrication
25 Main shaft High-speed rotary  [Fluid
(D) portion motion lubrication




(B) cylinder reciprocating notion lubrication Crank shaft - Hi gh-speed
rotary Fluid (C) Con rod notion lubrication 25 4ain shaft H gh-speed rotary
Fluid (D) portion otion lubrication 33 Wen the sliding form becones
boundary | ubrication, nmutual contact of the netallic surfaces is worried
about and at this tine, abrasion and generation of heat becone conspi cuous.
Therefore, a counterneasure 5 for preventing the sliding format the con
rod - piston connection portion from becon3dg-boundary |ubrication, thereby
suffering remarkabl e danage is necessary. Therefore, in the encl osed
conpressor of this enbodinment, further investigation was executed 10 for
the sliding portion of the | ow speed reciprocating notion. In the encl osed
conpressor 100 of this enbodinent, the inner spherical surface 4a of the
piston 4 and the spherical portion 2a of the con rod 2 are equivalent 15 to

the con rod - pistonyg@ANeRE A 1R9hY %rnﬁ%ed&‘r@s' YRt SR S uh dd¥ion,

i nnernost side of the inner sphericCal surface 4a, the concavity 4a' is
formed, and th%@ﬂbﬁl&&ht@@ftbpntﬁé Rét4DEiE0SuFPEces | BsPRbELBEEY notched

to forn1the pl ane portion 2a', so that the 20 portion actually relating to
sliding becones sp@ht €4nd at thlS time, abrasion and generation of
heat become conspicuous. Therefore, a countermeasure
5 for preventing the sliding form at the con rod -
piston connection portion from becoming boundary
lubrication, thereby suffering remarkable damage is
necessary. Therefore, in the enclosed compressor of
this embodiment, further investigation was executed
10 for the sliding portion of the low-speed reciprocating
motion.

In the enclosed compressor 100 of this embodiment,
the inner spherical surface 4a of the piston 4 and the
spherical portion 2a of the con rod 2 are equivalent

15 to the con rod - piston connection portion. As
mentioned above, on the innermost side of the inner
spherical surface 4a, the concavity 4a' is formed, and
the spherical portion 2a of the con rod 2 is partially
notched to form the plane portion 2a', so that the

20 portion actually relating to sliding becomes smaller.
Concretely, the sliding portion of the inner spherical
surface 4a is the 041 angular portion shown in Fig.
4(b) and the 642 angular portion shown in Fig. 4(c)

and the sliding portion of the spherical portion 2a is

25 the portion excluding the plane portion 2a'



s 7
Concretely, the sliding portion of the inner spherical surface 4a is the
041 angul ar portion shown in Fig. 4(b) and the 042 angul ar portion shown in
Fig. 4(c) and the sliding portion of the spherical portion 2a is 25 the
portion excluding the plane portion 2a'. 34 \Wen the contact stress at the
con rod - piston connection portion is increased, it is assuned that
boundary lubrication is apt to occur and it is evaluated by Hertz stress. 5
The contact stress (Hertz stress) at the-c8A rod - piston connection portion
having the structure aforenentioned is given by the curvature of the
contact portion, the load (N) of the contact portion, and the materi al
characteristics (Young's nodulus E, 10 Poisson's ratio v). Nanely, assum ng
the curvature of the inner spherical surface 4a of the piston 4 which is a
contact portion as R the curvature of the spherical portion 2a of the con

rod 2 which is a CcopasttROTELRPadE $+rdbhs hoaphofcohers@nt agispontion 15
as P, the Young's nodulus of the piston material as ER, the Young' s nodul us

of the con rod rBYf{dAids Hrtidie iFoiksUhsedati® Af ddamistamatmaterial
as VR and the Poisson's ratio of the con rod material as Vr, the radius

al of the contadoiddBeelutsridh Lo etb ipt o Bedur @ indigat ed bel ow. At
this time, Hertz stress

evaluated by Hertz stress.

5 The contact stress (Hertz stress) at the con rod -
piston connection portion having the structure
aforementioned is given by the curvature of the
contact portion, the load (N) of the contact portion,
and the material characteristics (Young's modulus E,

10 Poisson's ratio v). Namely, assuming the curvature of
the inner spherical surface 4a of the piston 4 which
is a contact portion as R, the curvature of the
spherical portion 2a of the con rod 2 which is a
contact portion as r, the load of the contact portion

15 as P, the Young's modulus of the piston material as Eg,
the Young's modulus of the con rod material as E,, the
Poisson's ratio of the piston material as vz, and the
Poisson's ratio of the con rod material as v,, the
radius alkof the contact surface is indicated by the

20 formula indicated below. At this time, Hertz stress
Puax = 3 P/(2m a;?). However, the curvature of a
concavity is calculated as a negative value.

Hereinafter, P, 1s referred to as Hertz stress.



Pmex = 3 P/(2Z al2). However, the curvature of a concavity is calculated as
a negative value. Hereinafter, Pmax is referred to as Hertz stress. 35 a
3V.3 P (1vR2 + 1 yr2)/(1+1) R 5 As nentioned above, in this enbodi nent, a
part of the spherical portion 2a is notched, and furthernore, on the

i nnernost side of the inner spherical surface 4a, the concavity 4a' is
provi ded, so that the contact surface of the sliding portion is apt to be
made 10 snaller in correspondence to it.-Fsther, the spherical portion 2a
and inner spherical surface 4a are evaluated by approaching to a true
sphere, though in consideration of a machining error, an assenbly error,
or the anobunt of eccentricity of rotation in 15 the actual operation state,
the contact stress (contact surface pressure) at the con rod - piston
connection portion in the actual machine is expected to locally grow

hi gher. Nanmely, it is expected that the contact stress (contact surface
pressure) of the 20 actual machi ne becones hi gher than the theoretical
contact stress obtained fromthe fornula indicated above. The cause of
reduction in the reliabilét mﬁ(l be gon5|dered jszernDre As shown in

Fig. 3, the piston  _ 3P f1~vg 1—v
1 E-

4

5 As mentioned above, in this embodiment, a part of
the spherical portion 2a is notched, and furthermore,
on the innermost side of the inner spherical surface
4a, the concavity 4a' is provided, so that the contact
surface of the sliding portion is apt to be made

10 smaller in correspondence to it. Further, the
spherical portion 2a and inner spherical surface 4a
are evaluated by approaching to a true sphere, though
in consideration of a machining error, an assembly
error, or the amount of eccentricity of rotation in

15 the actual operation state, the contact stress
(contact surface pressure) at the con rod - piston
connection portion in the actual machine is expected
to locally grow higher. Namely, it is expected that
the contact stress (contact surface pressure) of the

20 actual machine becomes higher than the theoretical
contact stress obtained from the formula indicated
above.

The cause of reduction in the reliability will be
considered furthermore. As shown in‘Fig. 3, the piston

25 4 and con rod 2 are connected by the ball joint



25 4 and con rod 2 are connected by the ball joint 36 nechanism At this
time, the dianmeter of the inner spherical surface 4a of the piston 4 is set
slightly Jlarger than the diameter of the spherical portion 2a of the con
rod 2 and there exists a clearance between 5 the two. In the cl earance,
freezer oil fornms an oil film thus the abrasion is suppressed and the
encl osed conpressor is operated stably. Wen the difference between the

di ameter of the inner spherical surface &P and the dianeter of the 10
spherical portion 2a becones smaller, the contact of them approaches
"surface contact", so that the Hertz force becones smaller. On the other
hand, the clearance between them becones snaller, so that freezer oi
hardly flows in. Further, in consideration 15 of a manufacture error, it is
difficult to make the <clearance snmaller than a predeterm ned di nension.

Wien the differpaenabesweennt hends arbhée] ohe td€amdter SPherécahnssr face 4a
and the dianeter of the spherical portion 2a becones |arger, the contact of

20 them approachpRerpenlt sagihaet 4a 6@ that pibeohlent 1sf gegeshegnrey | arger.
Further, in the calculation, although the clearance between them apparently
beconmes | arger larbercehtacthesdapieterbef| ehel sphdrfiradzeovraibn eannot be
fed sufficiently to the contact portion.
of the con rod 2 and there exists a clearance between
5 the two. In the clearance, freezer oil forms an oil
film, thus the abrasion is suppressed and the enclosed
compressor is operated stably.
When the difference between the diameter of the
inner spherical surface 4a and the diameter of the
10 spherical portion 2a becomes smaller, the contact of
them approaches "surface contact", so that the Hertz
force becomes smaller. On the other hand, the
clearance between them becomes smaller, so that
freezer oil hardly flows in. Further, in consideration
15 of a manufacture error, it is difficult to make the
clearance smaller than a predetermined dimension.
When the difference between the diameter of the
inner spherical.surface 4a and the diameter of the
spherical portion 2a becomes larger, the contact of
20 them approaches "point contact", so that the Hertz
force becomes larger. Further, in the calculation,
although the clearance between them apparently becomes
larger, the contact is apt to be local and freezer oil

cannot be fed sufficiently to the contact portion.

25 Therefore, the clearance between the inner



25 Therefore, the clearance between the inner - 37 spherical surface 4a and
the spherical portion 2a is defined as a difference between the radii of
them and the relation between the Hertz stress when the defined clearance
is taken as 0.5 mto 10 pmand the 5 reliability evaluation by the abrasion
sliding test at the concerned Hertz stress was investigated and as a
result, Table 2 is obtained. The |oad of _the contact portion, in
consideration of local contact, is taken as 411 N as a representative | oad.
Further, as freezer 10 oil, mneral oil conpatible with an HC refrigerant
such as isobutane is used. 38 - Table 2 Radius of Radius of Contact Hertz
of spherical inner Clearance z abrasion portion spherical [pnm] surface
stress sliding r[m surface al[mm] Pnax[MPal test R m] 6.5045 0.5 6. 237

5.0 O 5 6.5040 1 4.950 8.0 6.5030 2 3.929 12.7 6.5020 3 3.432 16.7 O A
6.5010 4 3. 118 Z®herical surface 4a and the spherical portion 2a is

defined as a difference between the radii of them, and
the relation between the Hertz stress when the defined
clearance is taken as 0.5 pym to 10 um and the

5 reliability evaluation by the abrasion sliding test at
the concerned Hertz stress was investigated and as a
result, Table 2 is obtained. The load of the contact
portion, in consideration of local contact, is taken
as 411 N as a representative load. Further, as freezer

10 0il, mineral oil compatible with an HC refrigerant

such as isobutane is used.
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6. 5000 6.5050 5 2.894 23.4 6.4990 6 2.724 26.5 6.4980 7 2.587 29.3 6.4970
8 2.474 32.1 x 6.4960 9 2.379 34.7 6.4950 10 2.297 37.2 10 6.5005 0.5
6.234 5.0 6.5010 1 4.948 8.0 6.5020 2 3.928 12.7 6.5030 3 3.431 16.7 OA
6.5040 4 3.118 20.2 6.5000 6.5050 5 2.894 23.4 6.5060 6 2.724 26.4 6.5070
7 2.588 29.3 6.5080 8 2.475 32.0 X 15 6.5090 9 2.380 34.6 6.5100 10 2. 293
37.2 The nunerals used in the results ngagarqspectively the followi ngs. O
Good 20 O A Practically available Ievel “X: Practically unavailable |evel

These results show that to decrease the Hertz stress to 10 MPa or lower, it
IS necessary to set the clearance to about 1 mor smaller. Nanely, to 25
suppress abrasion of the sliding portion existing in
Table 2
Radius of RaQ1us of Results of
spherical inner Clearance Contact Hertz abrasion
. spherical surface stress . as
portion [wum] sliding
r[mm] surface a;[mm] Po.x [MPal test
R[mm]
6.5045 0.5 6.237 5.0 ®
5 6.5040 1 4.950 8.0
6.5030 2 3.929 12.7
6.5020 3 3.432 16.7 O-A
6.5010 4 3.118 20.2
6.5000 6.5050 5 2.894 23.4
6.4990 6 2.724 26.5
6.4980 7 2.587 29.3
6.4970 8 2.474 32.1 X
6.4960 9 2.379 34.7
6.4950 10 2.297 37.2
10 6.5005 0.5 6.234 5.0 o
6.5010 1 4.948 8.0
6.5020 2 3.928 12.7
6.5030 3 3.431 16.7 O-A
6.5040 4 3.118 20.2
6.5000 6.5050 5 2.894 23.4
6.5060 6 2.724 26.4
6.5070 7 2.588 29.3
6.5080 8 2.475 32.0 %
15 6.5090 9 2.380 34.6
6.5100 10 2.293 37.2
The numerals used in the results mean respectively
the followings.
®: Good
20 O-A: Practically available level

x: Practically unavailable level

These results show that to decrease the Hertz
stress to 10 MPa or lower, it is necessary to set the
Namely, to

clearance to about 1 pm or smaller.

25 suppress abrasion of the sliding portion existing in



39 the encl osed conpressor and inprove the reliability, wuse of a structure
- of suppressing the Hertz stress of the sliding portion to 10 MPa or | ower
is effective. However, for non-nmass products such as nmanufacture 5 of one
article, to nake the clearance smaller, grinding is available. However, if
mass production is a precondition, as nentioned above, a manufacture error
or an assenbly error is caused, thus it isqdifficult to make the clearance
smal l er than a 10 predeterm ned di nension. Further, when perform ng a vapor
treatment or a nitriding treatnent for the con rod 2 and piston 4 as a
sliding surface, the film thickness of the surface such as a nitrided film
must be controlled, thus fromthe viewoint of manufacture, 15 the cost is
increased extremely. Therefore, other factors for increasing the contact
surface pressure were_investigated. As other causes of increasing the
contact surfacethfressipeedcgoBpEegger: anai Hareves ther epdaabibitinces 20
and shape of the sliding gortlon are considered to be severe. Therefore, for
the probl em of ¥FPdPhgaof tEHELUERsPENSUPRPERSFORICcORREETER FEFEFSNOTa
structure for ensurlngbthe | ubricant feed route_(the concavit

t hr ough- hol e Zg,hﬁlﬁﬁé BPt PBRT2QN ta L0)MPa gFop garzésaﬁﬁfﬁﬁ¥1¥ﬁape of the

slidin ortion is timzed,
gp %pwever for non-mass products such as manufacture

5 of one article, to make the clearance smaller,
grinding is available. However, if mass production is
a precondition, as mentioned above, a manufacture
error or an assembly error is caused, thus it is
difficult to make the clearance smaller than a

10 predetermined dimension. Further, when performing a
vapor treatment or a nitriding treatment for the con
rod 2 and piston 4 as a sliding surface, the film
thickness of the surface such as a nitrided film must
be controlled, thus from the viewpoint of manufacture,

15 the cost is increased extremely. Therefore, other
factors for increasing the contact surface pressure
were investigated.

As other causes of increasing the contact surface

pressure, causes due to mixture of foreign substances

20 and shape of the sliding portion are considered to be
severe. Therefore, for the problem of sliding on the
piston - con rod connection portion, a structure for
ensuring the lubricant feed route (the concavity 4a’,
through-hole 2g, plane portion 2a', etc.) is adopted

25 and the shape of the sliding portion is optimized.



- 40 Concretely, a structure of avoiding the contact of the portion
causi ng abrasion such as the edge of the periphery of the concavity 4a
with the spherical portion 2a of the con rod 2 is used. Further, an 5

ej ection groove for retreating foreign substances easily collected in the
concavity 4a' fromthe concavity may be provided on the spherical portion
2a of the con rod 2. Next, the l|ubricant ggs investigated. Wth 10 respect
to insufficient feed of lubricant to the i di ng portions, secureness of
the lubricant feed structure (the concavity 4a', through-hole 2g, plane
portion 2a' aforenentioned, etc.) and al so avoi dance of generation of

foam ng were investigated (foamng 15 will be described later). Further,
with respect to the problem of generation of heat, insufficient resistance
of the material of sliding portions and freezer oil is considered to be a

cause of progreSeonairedialysi @, stymctiural ofelaactiddmofthehesitatitngfpdtid on
mat eri al and 20 characteristics of freezer oil were investigated. As a
characteristic gorfticereausing e abdloax sswily wse thiemeldge @dd tlhteest net hod:
ASTM D3233) was eval uated. Hereinafter, expression of seizure limt |oad
i ndi cates a oneresishesy I9f tthe Foneavidyt 4275 Wit Hée spierdsnlof the con
rod - piston portion 2a of the con rod 2 is used. Further, an
5 ejection groove for retreating foreign substances
easily collected in the concavity 4a' from the
concavity may be provided on the spherical portion 2a
of the con rod 2.
Next, the lubricant was investigated. With
10 respect to insufficient feed of lubricant to the
sliding portions, secureness of the lubricant feed
structure (the concavity 4a', through-hole 2g, plane
portion 2a' aforementioned, etc.) and also avoidance
of generation of foaming were investigated (foaming
15 will be described later). Further, with respect to the
problem of generation of heat, insufficient resistance
of the material of sliding portions and freezer oil is
considered to be a cause of progress of abrasion, so
that selection of the sliding portion material and
20 characteristics of freezer oil were investigated. As a
characteristic of freezer o0il, the Falex seizure limit
load (test method: ASTM D3233) was evaluated.
Hereinafter, expression of seizure limit load

indicates a one obtained by the Falex test.

25 The Hertz stress of the con rod - piston
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41 connection portion (the ball joint connection portion) of the enclosed
conpressor suited to mass production was investigated. Assum ng the outside
dianeter of the cylindrical piston 4 as 26.2 mm the nmaxi nrum val ue of 5 the
pressure | oad applied to the front end of the piston 4 at this tinme reaches
alnost 1 MPa and the load applied to the ball joint portion is about 400 to
500 N. When selecting iron series materials of the piston 10 and con rod in
consi deration of mass productivity, froemiflhe strength and adequacy of
processability, (A) a steel material by forging (forging material), (B) a
casting by casting (casting material), or (C) a sintering material by
sintering may be considered. The 15 sintering material is processed easily,
so that the cost thereof can be suppressed |ow, though fromthe viewoint
of the abrasion sliding characteristics, (A) the forging material is nost

excel | ent and (L3 L0&r 5 54 8H:ﬂ?nn'ﬁﬁ i@élis?gm &Gﬂﬁé!:%onwgfﬂﬁ%?z by

use 20 of the sintering neteria the resistance o rasi on sliding can

be ensured. it ganche Eposbes CombBlsbl silVeat b6 fi88E SROaRE: gk eased

and secondly, y use of anot naterial, abrasion suppression is
possible. 25 I ngghipneabedhsesl. QYsdnliePitHOLHbsAR idilheter of the

cylindrical piston.4 as 26.2 mm, the maximum value of
5 the pressure load applied to the front end of the
piston 4 at this time reaches almost 1 MPa and the
load applied to the ball joint portion is about 400 to
500 N.
When selecting iron series materials of the piston
10 and con rod in consideration of mass productivity,
from the strength and adequacy of processability, (A)
a steel material by forging (forging material), (B) a
casting by casting (casting material), or (C) a
sintering material by sintering may be considered. The
15 sintering material is processed easily, so that the
cost thereof can be suppressed low, though from the
viewpoint of the abrasion sliding characteristics, (A)
the forging material is most excellent and (C) the
sintering material is most inferior. Therefore, by use
20 of the sintering material, if the reéistance of
abrasion sliding can be ensured, it can be considered
that firstly, the cost can be decreased and secondly,
by use of another material, abrasion suppression is
possible.

25 In this embodiment, for the piston 4, an iron



- 42 series sintering material (JIS Standard, SMF4040) of Young's nodul us
E of 110 GPa and Poisson's ratio v of 0.23 is used and for the con rod 2,
an iron series sintering material (JIS Standard, SMF4020) of Young's 5
nodul us E of 100 GPa and Poisson's ratio v of 0.21 is wused. And, the inner
spherical dianeter of the inner spherical surface 4a of the piston 4 is
taken as 13 mm and the clearance dinension is taken as 3 mor nore.
Nanely, the Hertz stress is taken as 10 or higher. 10 As shown in Table
2, when the Hertz stress (theoretical contact stress) becones higher than 10
MPa, the reliability is apt to | ower due to abrasion. And, for the encl osed
conpressor generating Hertz stress of higher than 10 MPa, the sliding
abrasion 15 test was executed for the sliding portions using several kinds
of freezer oil. Table 3 shows the neasured results of the abrasion |oss
bet ween the pi statheandinherdang madenhan t(asl Sthgndard,sSME40g0 )abEasi on
test is executed under the condition of a 20 discharge pressure of a
refrigerant of YoudnlhPa monduflbe Enoffbdd 0ofsPaobatli @pndssbnd80@atpm v- o3 -
Table 3 Paraffin series Paraffin series Freezer oil mneral oil mneral oi
Ester oil 0.23 is used and for the con rod 2, an iron series

sintering material (JIS Standard, SMF4020) of Young's

5 modulus E of 100 GPa and Poisson's ratio v of 0.21 is

uséd. And, the inner spherical diameter of the inner

spherical surface 4a of the piston 4 is taken as 13 mm

and the clearance dimension is taken as 3 um or more.

Namely, the Hertz stress is taken as 10 MPa or higher.

10 As shown in Table 2, when the Hertz stress

{theoretical contact stress) becomes higher than 10

MPa, the reliability is apt to lower due to abrasion.

And, for the enclosed compressor generating Hertz

stress of higher than 10 MPa, the sliding abrasion

15 test was executed for the sliding portions using

several kinds of freezer oil. Table 3 shows the

measured results of the abrasion loss between the

piston and the con rod when the long-term sliding

abrasion test is executed under the condition of a

20 discharge pressure of a refrigerant of 1.7 MPa and the

number of rotations of 4900 rpm.



(V&) (VGLO) Sliding abrasion x x O 5 test results Wien mneral oil is
used as freezer oil, large abrasion is caused under the condition of a

di scharge pressure of 1.7 MPa and the nunber of rotations of 4900 rpm so
that it results in that the reliability 10 is worried about, while when
ester oil (VGB, VGLO) is wused, conspicuous abrasion cannot be confirned.
Fig. 8 is a graph show ng the change of abyasion when the test is conducted
under various pressure conditions. The distharge pressure of a refrigerant
is 15 closely related to the |oad at the sliding portion. The reason is

t hat when the discharge pressure is increased, the force of the con rod 2
for pressing the piston 4 is increased. Therefore, when the discharge
pressure is increased, the contact stress at the con 20 rod - piston

connection portion is increased. As shown in Fig. 8 when mneral oil is
used as freezer oil, the abrasion proceeds with tine. The draw ng shows
the change with tinme of the abrasion | os2bdt®e? the discharge pressure is
changed to 1.7 [MPa, 25 1.6 |PRzaffnd $e3debiPRarahbighsevias|f the di scharge
- 44 pressure |iBreeziecediltihemiheasilonifr oceedsngnsl siow yEster oil
(VG8) (VG10)
Sliding
abrasion X X O
5 test results

When mineral oil is used as freezer oil, large
abrasion is caused under the condition of a discharge
pressure of 1.7 MPa and the number of rotations of
4900 rpm, so that it results in that the reliability

10 is worried about, while when ester oil (VG8, VG10) is
used, conspicuous abrasion cannot be confirmed.

Fig. 8 is a graph showing the change of abrasion
when the test is conducted under various pressure
conditions. The discharge pressure of a refrigerant is

15 closely related to the load at the sliding portion.
The reason is that when the discharge pressure is
increased, the force of the con rod 2 for pressing the
piston 4 is increased. Therefore, when the discharge
pressure is increased, the contact stress at the con

20 rod - piston connection portion is increased.

As shown in Fig. 8, when mineral oil is used as
freezer 0il, the abrasion proceeds with time. The
drawing shows the change with time of the abrasion
loss when the discharge pressure is changed to 1.7 MPa,

25 1.6 MPa, and 1.39 MPa, though even if the discharge



and the trend is not changed particularly. On the other hand, when ester oi
is used as freezer oil, the trend is greatly different fromthat 5 of
mneral oil. It is found that although the abrasion proceeds slightly, the
progress is noderated slowly, and the abrasion loss is controlled within a
fixed range. And, in the respective tests under the condition of a
clearance of 5 to 10 m the sane trend 10 4$ obtai ned. Nanely, even if the
clearance is 5 pmor nore and the Hertz stfess is higher than 20 MPa, a
result that the abrasion can be suppressed is obtained. Fig. 9 shows the
results of the abrasion sliding test on the assunption of boundary

| ubrication when 15 paraffinic mneral oil (VGLO) and ester oil are used
and shows the change in the friction coefficient and the tenperature of the
| ubri cant when the abrasion testing machine is given a |load and is slidden.
The axis of or ¢greasarendiscatdncad,r ithiel abrasdion preceeds ZMsin sdidwly
tenperature (C), and a |oad (kgf), and for reason of indication, the unit
of load is takeands thgf trefdr ishaofi chomgesd @ardlicadardyn rod materi al ,

wi t hout changed particularly fromthe aforenentioned, iron series
sintering material s Q9 thes oSthend dvagh ASVWIR0 et 21l 3 sStumedhras SMF4020 ar e

used, and iron series 45 sintering materials in which inter-particle gaps
of freezer o0il, the trend is greatly different from that

5 of mineral oil. It is found that although the abrasion
proceeds slightly, the progress is moderated slowly,
and the abrasion loss is controlled within a fixed
range. And, in the respective tests under the
condition of a clearance of 5 to 10 um, the same trend

10 is obtained. Namely, even if the clearance is 5 um or
more and the Hertz stress is higher than 20 MPa, a
result that the abrasion can be suppressed is obtained.

Fig. 9 shows the results of the abrasion sliding
test on the assumption of boundary lubrication when

15 paraffinic mineral oil (VG10) and ester 0il are used
and shows the change in the friction coefficient and
the temperature of the lubricant when the abrasion
testing machine is given a load and is slidden. The
axis of ordinate indicates a friction coefficient p,

20 an oil temperature (°C), and a load (kgf), and for
reason of indication, the unit of load is taken as kgf.
For the piston material and con rod material, without
changed particularly from the aforementioned, iron
series sintering materials of JIS Standard SMF4040 and

25 JIS Standard SMF4020 are used, and iron series



the respective sintering particles are seal ed by
oxi de by the vapor treatnent or
conposition 5 treatnent of the vapor treatnment and gas soft-
treatment are used. In the drawing, when mneral oil and ester oil are

conpared, in the case of mneral oil, the change in the friction

coefficient and oi

formng ferrous ferric
iron series sintering materials subject to
nitriding

tenperature is great 10 and in the case of ester oil,

the friction coefficient and oil tenperat#dre are changed stably. The change
in the friction coefficient and oil tenperature is considered to indicate
the change in the state of the sliding surface and the behavi or of
frictional heat 15 generation. After all, in the exanple of mneral oil,

surface state is changed greatly and the possibility

hi gh. Further, when the Iubricity of the sliding surface is inferior, a
rise of the oilg20:de ét'éfléfscfﬂ ic%\hfﬂtéf—ePQ}:JciEfgpgégé Uge rises
excessively, fromt ornance or rty, Tt 1s no esirabl e,

that 1t s necessarye %%ﬁg ¥2bd §intetin g aPt‘.‘ﬁHP%E 8feCstaiedi by When the

| oad is applied,

varil e friction coe

t he

causing abrasion is

SO

cient 25 and

oi | tenperatur ef@frﬁlﬁémféf%ﬁg Perhi o @xidé%‘y‘*@he%&ﬂ@r tichfpbsetgs that
the sliding surface IS

10

15

20

25

iron series sintering materials subject to composition
treatment of the vapor treatment and gas soft-
nitriding treatment are used.

In the drawing, when mineral oil and ester oil are
compared, in the case of mineral oil, the change in
the friction coefficient and oil temperature is great
and in the case of ester o0il, the friction coefficient
and oil temperature are changed stably. The change in
the friction coefficient and oil temperature is
considered to indicate the change in the state of the
sliding surface and the behavior of frictional heat
generation.

After all, in the example of mineral oil, the
surface state is changed greatly and the possibility
causing abrasion is high. Further, when the lubricity
of the sliding surface is inferior, a rise of the oil
temperature is caused. When the o0il temperature rises
excessively, from the performance or reliability, it
is not desirable, so that it is necessary to avoid it.
In the example of ester o0il, when the load is applied,
although varied slightly, both friction coefficient

and ojil temperature are controlled within a fixed



| ubricated sufficiently. These results are considered and the follow ng.
know edge is obtained. Firstly, it is found that 5 generation of heat in
the sliding portion which is considered as a factor of abrasion is caused by

insufficient resistance of the nmaterial, the lubricity of freezer oil, and
particularly the seizure limt |oad. Secondly, ester oil is suitable for
freezer oil, 10 and to retain the lubricity at the sliding portion, it 1is
found that anong ester oil, a one excell®en 6ih the heat stability is
effective. On the basis of these know edges, the followi ng nay be said for
preferable freezer oil. 15 As ester oil suited to the freezer in this

enbodi nent, the hindered type which is conposed from pol yhydroxy al coho
and nonohydric fatty acid and is excellent in the heat stability is
preferable. Here, the hindered type ester is referred to as ester having 20

no hydrogen atomagiget.nerbetnd¢anbes ehathenbydioaifg sgk@dpe B al cohol
ester (non-hindered) having a hydrogen atomon the beta carbon, the

hydr ogen at om onubtrfieadtrelda ssdtieieatdyt.ne oxygen atom of the ester |inkage
approach by heating and forma chem cal 25 internediate of the six-nenbered
ring structure, so #fheddateduiays are apindiddred\ami whee atd M akeiopnposed by
knowledge is obtained. Firstly, it is found that
5 generation of heat in the sliding portion which is
considered as a factor of abrasion is caused by
insufficient resistance of the material, the lubricity
of freezer o0il, and particularly the seizure limit
load. Secondly, ester oil is suitable for freezer oil,
10 and to retain the lubricity at the sliding portion, it
is found that among ester o0il, a one excellent in the
heat stability is effective. On the basis of these
knowledges, the following may be said for preferable
freezer oil.
15 As ester o0il suited to the freezer in this
embodiment, the hindered type which is composed from
polyhydroxy alcohol and monohydric fatty acid and is
excellent in the heat stability is preferable. Here,
the hindered type ester is referred to as estér having
20 no hydrogen atom on the beta carbon of the hydroxide
group. In alcohol ester (non-hindered) having a
hydrogen atom on the beta carbon, the hydrogen atom on
the beta carbon and the oxygen atom of the ester
linkage approach by heating and form a chemical

25 intermediate of the six-membered ring structure, so



%

| ow energy. The hindered ester has no hydrogen atomon the beta carbon, so
that it cannot formthe six- nenbered ring structure, so that it is not 5
pyrol ytically deconposed by | ow energy but causes free-radical heat
deconposition at high tenperature (Keiichi Inaba, Jiro Hrano, "New Fatty
Acid Chemistry, 2nd Edition", Saiwai Shobo). Therefore, in this

enbodi nent, the hindered ester having a structure 10 excellent in the heat
stability is used. For exanple, as polyhydroxy al cohol, there are neopentyl
gl ycol, trinethylol propane, and pentaerythritol available. As nonohydric
fatty acid, there are pentanoic acid, hexanoic acid, peptanoic 15 acid,
octanoi ¢ acid, 2-nethylbutanoic acid, 2- nethyl pentanoic acid,

2- met hyl hexanoi ¢ acid, 2- ethyl hexanoic acid, isooctanoic acid, and 3,5, 5-
tri met hyl hexanoi c acid avail able and these are individually used or m xed

fatty acid of tyRaki BHEyORrdOaper €ol beUpfdol1PRiEhtUaBk¥OomMPSsBASHY Oi | Of

freezer oil, at |east one kind selected fromthe group of fatty ester oi
i ndi cated by thgokokhewyfy g ndorsal stdd)hd® nd Aydesgémi agordton east
two ester linkages in a 25 nolecule is preferable. - 48 O (1)

the beta carbon, so that it cannot form the six-
membered ring structure, so that it is not

5 pyrolytically decomposed by low energy but causes
free-radical heat decomposition at high temperature
(Keiichi Inaba, Jiro Hirano, "New Fatty Acid Chemistry,
2nd Edition", Saiwai Shobo). Therefore, in this
embodiment, the hindered ester having a structure

10 excellent in the heat stability is used.

For example, as polyhydroxy alcohol, there are
neopentyl glycol, trimethylolpropane, and
pentaerythritol available. As monohydric fatty acid,
there are pentanoic acid, hexanoic acid, peptanoic

15 acid, octanoic acid, 2-methylbutanoic acid, 2-
methylpentanoic acid, 2-methylhexanoic acid, 2-
ethylhexanoic acid, isooctanoic acid, and 3,5,5-
trimethylhexanoic acid available and these are
individually used or mixed fatty acid of two kinds or

20 more is used.

Particularly, as basic oil of freezer oil, at
least one kind selected from the group of fatty ester
0oil indicated by the following general formulas (1) to
(3) retaining at least two ester linkages in a

25 molecule is preferable.



Il (RI-CH2)2 G (CH2-OCR2)2 0 ... (2) 511 RI-CH2-CG (CH2ZOCGR2) a 0 ...
(3) 1l G(CHROCR2)4 10 However, in the fornulas, Rl and R2 are as

i ndi cated bel ow. Rl: Al kyl group of hydrogen or the nunber of carbon atons
1 to 3. R2: Alkyl group of the nunber of carbon atonms 5 to 15 12. Ester

obt ai ned by chem cal synthesizing the representative nonohydric fatty acid
and pol yhydroxy al cohol indicates the @r%gip viscosity or kinetic
coefficient of viscosity (40 C, cSt) as shown in Table 20 4. - 49 - Table 4
eopentyl glycol Trinethylol- Pentaerythritol propane 2-ethylbutanoic 4.7
18.7 45.4 acid eptanoic acid 5.0 - -

0 e (1)
(R,~CH,),~C-(CH,~0-C-R,),

(3 - (2)
5 R;~CH,~C~(CH,-0-C-R,),
o - (3)
C—(CH2~O—C—R2) 4
10 However, in the formulas, R; and R, are as

indicated below.

R;: Alkyl group of hydrogen or the number of
carbon atoms 1 to 3.

R,: Alkyl group of the number of carbon atoms 5 to

15 12.

Ester obtained by chemical synthesizing the
representative monohydric fatty acid and polyhydroxy
alcohol indicates the kinetic viscosity or kinetic
coefficient of viscosity (40 °C, cSt) as shown in Table

20 4.



2-met hyl hexanoic acid 5 2-ethylpentanoic 5.3 15.6 28.4 acid

2- et hyl hexanoic acid 2-ethyl hexanoic 7.4 24.8 47.6 acid 3,5, 5-

trimethyl hexanoic 12.9 51.5 112.9 acid 10 Wien these fatty esters are m xed
in a proper quantity as basic oil of a lubricant, the standard kinetic
viscosity grade (VG kinetic coefficient viscosity (cSt) at 40 C) is

adj usted. 15 For exanple, the standard viscosity VG is obtained

i ndependently from neopentyl glycol and’e %er oil of heptanoic acid or is
obtained by m xing and adjusting 2-ethyl butanoic acid of |owviscosity oil,
ester of neopentyl glycol, and another high-viscosity 20 ester oil, and V@&,
VGLO, VGL5, V&2, and VG2, on the basis of the simlar concept, are

obtai ned by m xing neopentyl glycol ester oil of |ow viscosity and

Table 4
Trimethylol- .
Neopentyl glycolpropane Pentaerythritol
2-§thylbutan01c 4.7 18.7 45 .4
acid
Heptanoic acid 5.0 - -
2-methylhexanoic

5 acid
2-ethylpentanoic 5.3 15.6 28.4
acid
2-ethylhexanoic
acid
2—§thylhexan01c 7.4 24.8 47.6
acid
3,5,5-
trimethylhexanoic 12.9 51.5 112.9
acid

10

When these fatty esters are mixed in a proper
quantity as basic oil of a lubricant, the standard
kinetic viscosity grade (VG: kinetic coefficient
viscosity (cSt) at 40 °C) is adjusted.

15 For example, the standard viscosity VG5 is
obtained independently from neopentyl glycol and ester
0il of heptanoic acid or is obtained by mixing and
adjusting 2-ethylbutanoic acid of low-viscosity oil,
ester of neopentyl glycol, and another high-viscosity

20  ester oil, and VG8, VG10, VG15, VG22, and VG32, on the

basis of the similar concept, are obtained by mixing
neopentyl glycol ester oil of low viscosity and
pentaerythritol ester oil of high viscosity in a
proper quantity and finely adjusting them to a desired

25 viscosity.



pentaerythritol ester oil of high viscosity in a proper quantity and finely

adjusting themto a desired 25 viscosity. - 50 Further, to ester oil, an
oxidation inhibitor, an acid seizure agent, an anti-foam ng agent, or a
metal inert agent may be added. Fatty acid contains wunsaturated fatty

acid, though when using unsaturated 5 fatty acid, it is effective to
particularly add an oxidation inhibitor.§¥$§n oil using unsaturated fatty

acid is used as freezer oil, the lubricit ly be inproved and at this

time, the sliding characteristics can be inproved. 10 Fromthe
af orenentioned test results, it is ascertained that the resistance of
freezer oil greatly influences the reliability, so that the seizure limt
| oad of each freezer oil was evaluated and the results are shown in Table
5. 15 Table 5 Paraffin series Paraffin series H ndered Freezer oil mneral
oil mneral oil est&urthé@g) tovVesteprSeidyr anl46( dhdA®n3 3@ ibidad,( Hn

acid seizure agent, an anti-foaming agent, or a metal

inert agent may be added. Fatty acid contains

unsaturated fatty acid, though when using unsaturated

5 fatty acid, it is effective to particularly add an

oxidation inhibitor. When o0il using unsaturated fatty

acid is used as freezer oil, the lubricity may be

improved and at this time, the sliding characteristics

can be improved.

10 From the aforementioned test results, it is
ascertained that the resistance of freezer oil greatly
influences the reliability, so that the seizure limit

load of each freezer o0il was evaluated and the results

are shown in Table 5.

15
Table 5
Paraffin series (Paraffin series .
. \ . . R Hindered
Freezer oil mineral oil mineral oil ester
(vGs) (VG10)

Seizure

load (N) 1400 1600 3800
20 The results show that the seizure limit load of

hindered ester oil (VG8, VG1l0) is very high compared
with that of mineral oil and from the results of the
sliding abrasion test, it is found that even in the
enclosed compressor having Hertz stress of higher than

25 10 MPa, the reliability can be improved.



20 The results show that the seizure |imt |load of hindered ester oil (VG
VGLO) is very high conpared wth that of mneral oil and fromthe results
of the sliding abrasion test, it is found that even in the enclosed
conpressor having Hertz stress of higher than 25 10 MPa, the reliability can

be inmproved. - 51 Therefore, when using the hindered ester oi
(hereinafter, abbreviated to ester oil) as Lrgezer oil, for further
consi deration, the high pressure test was xecuted at a viscosity grade

wi thin the range of VG5, 5 VGLO, VGL5, V&2, and VG32 and at a discharge
pressure of 2.0 MPa. Under such a severe condition, the sliding portionis
not seized and an occurrence of abrasion can be prevented. Further, from
the results of the test using freezer oils different in the seizure limt
10 load, it can be confirmed that if freezer oil at a seizure limt |oad of
| arger than 3000 N iTharsdfibre untsn arsieryittenrteiniddrtead ddieemHerilz stress of
the sliding portion is higher than 10 MPa, high reliability can be
mai nt ai ned. The (hegledneditempambigevimtefd 3OCN e | dibe asvéseegaredilat er
Next, the material and seizure |imt |oad of the piston 4 and con rod 2
wer e investi gat d6r Eugthed congisieridioasulthe Wigh tressgireurteslti wias | oad of
freezer oil when an iron series sintering materi al
executed at a viscosity grade within the range of VG5,
5 VG10, VG115, VG22, and VG332 and at a discharge pressure
of 2.0 MPa. Under such a severe condition, the sliding
portion is not seized and an occurrence of abrasion
can be prevented. Further, from the results of the
test using freezer oils different in the seizure limit
10 load, it can be confirmed that if freezer oil at a
seizure 1imit load of larger than 3000 N is useqd,
under an environment that the Hertz stress of the
sliding portion is higher than 10 MPa, high
reliability can be maintained. The technical meaning
15 of 3000 N will be investigated later.
Next, the material and seizure limit load of the
piston 4 and con rod 2 were investigated. Fig. 10
shows the results when the seizure limit load of
freezer o0il when an iron series sintering material
20 (JIS Standard, SMF4040) subject to the hole-sealing
treatment by the vapor treatment is used as a piston 4
is measured using con rod specimens. As freezer oil,
paraffinic mineral oil (VG10) and ester oil are used.

Further, as a con rod material, an iron series

25 sintering material (JIS Standard, SMF4020) subject to



20 (JI'S Standard, SMF4040) subject to the hole-sealing treatnment by the
vapor treatnent is used as a piston 4 is neasured using con rod specinens.
As freezer oil, paraffinic mneral oil (VGLO) and ester oil are used.
Further, as a con rod material, an iron series 25 sintering material (JIS
St andard, SMF4020) subject to - 52 the vapor treatnent and gas
soft-nitriding treatment is used and the %fn:point aver age roughness Rz
thereof is 0.1 to 0.2 m One of the reasons for performng the gas
soft-nitriding treatnent for the con rod 5 material is to increase the
hardness. Nanely, in the sliding systemof the piston 4 and con rod 2, the
con rod 2 noves for the stationary piston 4 and sliding is caused by the
relative notion of them though when the both of them have simlar
hardness, a fault may be 10 caused often. Accordingly, the hardness of the
con rod nateri &heowapos rhoteiadmegitd@nidn galse solfitdimig riyingmtirea timesrteased. As
shown in Fig. 10, even in the shape conformng to the actual machine, the
seizure limt | dsduskedesmngr thes tein-pod mie ayeriage aomshines swikzh thegeodf
mneral oil and it is found that ester oil has excellent resistance as
freezer oil. Actlgal0-y, tion Og@r MespoPaenet thetneasgrgefpryPefrforwinger ati on

envi ronnent of the conpressor, even if the load to the indin% portion is
the gas soft-nitriding treatment for the con ro

5 material is to increase the hardness. Namely, in the
sliding system of the piston 4 and con rod 2, the con
rod 2 moves for the stationary piston 4 and sliding is
caused by the relative motion of them, though when the
both of them have similar hardness, a fault may be

10 caused often. Accordingly, the hardness of the con rod
material on the motion side in the sliding system is
increased.

As shown in Fig. 10, even in the shape conforming
to the actual machine, the seizure limit load of ester

15 oil is very high compared with that of mineral oil and
it is found that ester oil has excellent resistance as
freezer o0il. Actually, in correspondence to the
severity of the operation environment of the
compressor, even if the load to the sliding portion is

20 increased and high speed rotation of the compressor is
realized, it can be confirmed that a sufficient
lubrication performance is displayed.

Fig. 11 shows the relationship between the surface
roughness of the sliding surface (the spherical

25 portion 2a) of the con rod 2 and the seizure limit



20 increased and high speed rotation of the conpressor is realized, it can
be confirmed that a sufficient |lubrication performance is displayed. Fig.
11 shows the relationship between the surface roughness of the sliding
surface (the spherical 25 portion 2a) of the con rod 2 and the seizure [imt
- 53 load when ester oil is used as a lubricant. Concretely, the seizure
limt | oad when the ten-point average rguggngss Rz is assuned as 0.1 to 0.2
m 0.4to0.6 m and 1.2 to 1.5 mis evaluated using test 5 materials. As
shown in Fig. 11, even if the surface roughness of the con rod 2 is varied
slightly, no large difference is recognized in the seizure Iimt | oad.
Therefore, the ten-point average roughness Rz of 10 the sliding surface is
varied within the range from 0.4 mto 2.2 mafter the conditioning
operation, thus the actual machine test was executed. Concretely, 180 g of
refrigerant R60Qaads witear gexteramd 1t hies weysghret s Iubmipsrdt ed Condeetely,
condition of a 15 discharge pressure of 2.0 MPa and the nunber of rotations
of 4900 rpm andheheeitzdwrealdriasitod osfd twien diheditreg porimtoraviesragenfirnmed. As
aresult, in every surface roughness, no |arge progress of abrasion is
seen in the i nngougbnesscyz s fassameal @s thd giostlor? 4m, 0.4 to 0.6
um, and 1.2 to 1.5 um is evaluated using test
5 materials. As shown in Fig. 11, even if the surface
roughness of the con rod 2 is varied slightly, no
large difference is recognized in the seizure limit
load.
Therefore, the ten-point average roughness Rz of
10 the sliding surface is varied within the range from
0.4 uym to 2.2 um after the conditioning operation,
thus the actual machine test was executed. Concretely,
180 g of refrigerant R600a is charged, and the
apparatus is operated under the condition of a
15 discharge pressure of 2.0 MPa and the number of
rotations of 4900 rpm, and then the abrasion of the
sliding portion is confirmed. As a result, in every
surface roughness, no large progress of abrasion is
seen in the inner spherical surface 4a of the piston 4
20 and the spherical portion 2a of the con rod 2 and
satisfactory results are obtained. The reason seems to
be that due to high adsorptivity of ester oil to the
metallic surface, regardless of slight differences in

the surface roughness, the lubricity is ensured. As

25 mentioned above, when the ten-point average roughness



20 and the spherical portion 2a of the con rod 2 and satisfactory results
are obtained. The reason seens to be that due to high adsorptivity of ester
oil tothe netallic surface, regardless of slight differences in the
surface roughness, the lubricity is ensured. As 25 nmentioned above, when the
ten-poi nt average roughness 54 Rz after the conditioning operation is 0.1
to 2.2 m it is found that the abrasion syppression effect is obtained.
Further, although detailed explanation is™omtted, 5 when mneral oil is
used, the seizure |imt load is varied greatly with the surface roughness.
Therefore, it is supposed that the abrasion characteristics are varied
with the surface roughness. Nanely, by use of ester oil, when at |east Rz
is controlled within the 10 range fromO0.1 to 2.2 pm it is found that the

i nfluence of the surface roughness on the lubricity can be nade snaller.
From t he above-Renafbeedtheeganditignibfigsbpghativariiat Dohston2t Reumurf ace
roughness, it is found that 15 the abrasi on suppression effect by ester oi
is maintained ahtl ifefevafiubhabnthbeé abresiéenoshippyeshdonseffaet Lsnmit | oad
is effective. Then, the relationship between the Hertz stress of the
sliding portionobkh@in@@d.seizure limt | oad

Further, although detailed explanation is omitted,
5 when mineral o0il is used, the seizure limit load is
varied greatly with the surface roughness. Therefore,
it is supposed that the abrasion characteristics are
varied with the surface roughness. Namely, by use of
ester oil, when at least Rz is controlled within the
10 range from 0.1 to 2.2 um, it is found that the
influence of the surface roughness on the lubricity
can be made smaller.
From the above-mentioned, regardless of slight
variations in the surface roughness, it is found that
15 the abrasion suppression effect by ester oil is
maintained and the evaluation of freezer oil by the
seizure 1limit load is effective.
Then, the relationship between the Hertz stress of
the sliding portion and the éeizure limit load
20 indicating the resistance of freezer o0il is considered
on the basis of the test results. From the previous
test results, even if a sintering material is used, if
freezer o0il at a seizure limit load of larger than
3000 N is used, an estimate that a sufficient abrasion

25 suppression effect is produced is obtained, though



20 indicating the resistance of freezer oil is considered on the basis of
the test results. Fromthe previous test results, even if a sintering
material is used, if freezer oil at a seizure limt |oad. of |arger than
3000 Nis used, an estimate that a sufficient abrasion 25 suppression effect
is produced is obtained, though - 55 furthernore, fromthe rel ationship
between the Hertz stress and the seizure%ﬁrﬂt | oad, additi onal
consideration will be taken. Fig. 12 is ‘a“onceptual diagramof the |oad at
the 5 contact point in the Falex test. When a specinen 102 clanped by a
testing machine 101 is pressed by a load P, the testing machine 101 makes
contact with the specinen 102 at four points. Therefore, at these contact
points, a load of P/4 is applied in the sane 10 direction as that of the
load P. In Fig. 12, as a representative contact point, the upper right
contact point finkkhbemexpl afmen &heanedaatphship beadeBh ithe Hbetwerti cal
direction, when expressing it using the load P, is taken as Pv'2/8.
Ther ef ore, whenstsees anfl theatedzeepzlimiki kpadl,oaddetid@@@ N i s used, the
contact point is equivalent to the state that a | oad of about 530 Nis
applied. Fromthpssiderstignt woh)l bhetékehowi ng knowl edge is led. As
nment i oned above, the | oad applied to the
Fig. 12 is a conceptual diagram of the load at the
5 contact point in the Falex test. When a specimen 102
clamped by a testing machine 101 is pressed by a load
P, the testing machine 101 makes contact with the
specimen 102 at four points. Therefore, at these
contact points, a load of P/4 is applied in the same
10 direction as that of the load P. In Fig. 12, as a
representative contact point, the upper right contact
point will be explained as an example. A load Pf in
the vertical direction, when expressing it using the
load P, is taken as PV2/8. Therefore, when ester oil
15 at a seizure limit load of 3000 N is used, the contact
point is equivalent to the state that a load of about
530 N is applied.
From this investigation, the following knowledge
is led. As mentioned above, the load applied to the
20 ball joint portion is about 400 to 500 N in the
ordinary use aspect. Therefore, an estimate of "if
ester oil at a seizure limit load of larger than 3000
N is used, a sufficient abrasion suppression effect is

obtained" obtained from the abrasion test results can

25 be explained by the following fact.



20 ball joint portion is about 400 to 500 Nin the ordinary use aspect.
Therefore, an estimate of "if ester oil at a seizure limt |oad of |arger
than 3000 N is used, a sufficient abrasion suppression effect is obtained"
obtained fromthe abrasion test results can 25 be explained by the
followwng fact. - 56 - The |oad (about 530 N) at which the fluid

| ubrication can be ensured by a lubricant 45 larger than the |oad (about
400 to 500 N) applied to the actual ball joint portion. 5 - Mneral oil,
since the seizure Iimt load thereof is smaller than that on such a | evel
that the fluid lubrication can be maintained, is pronoted in abrasion. In
ot her words, by use of freezer oil in which the 10 value obtained by
converting the seizure |limt load to stress is larger than the Hertz stress
converted as contact stress at the sliding portion (for exanple, the
sliding portion betwedi® HOabd akart 3 Mhat pitskdh the &detifti ng t he

| ow speed reC|procat|n%&nnt|on 15 apt to cause houndary |ubri.cation,

excessi ve progr e89Tiga 8Pa§@8nb@aﬁnﬁ€r§gpﬁﬁé§séﬁ ?ﬁ@@@ dr%e 1@F89€&at i on when
materi Al or a LES FGendeEn ARTPUt.AeE TH CR0uN AREIRPAS 4 o
actual ball joint portion.

5 - Mineral oil, since the seizure limit load
thereof is smaller than that on such a level that the
fluid lubrication can be maintained, is promoted in
abrasion.

In other words, by use of freezer oil in which the

10 value obtained by converting the seizure limit load to
stress is larger than the Hertz stress converted as
contact stress at the sliding portion (for example,
the sliding portion between the con rod 2 and the
piston 4) executing the low-speed reciprocating motion

15 apt to cause boundary lubrication, excessive progress
of abrasion can be suppressed.

These are evaluation when an iron series sintering
material is used. Therefore, when a forging material
or a casting material is used, although the shapes are

20 the same, the physical properties are different, and
the abrasion sliding characteristics are changed.
However, as mentioned above, in view of suppression of
proceed of abrasion in a sintering material, also in
the forging material or casting material, it is

25 obvious that abrasion suppression is realized



20 the sane, the physical properties are different, and the abrasion
sliding characteristics are changed. However, as nentioned above, in view
of suppression of proceed of abrasion in a sintering material, also in the

forging material or casting material, it is 25 obvious that abrasion
suppression is realized - 57 naturally. Actually, on the test |evel using
specinens, it is confirmed that even otheg;materials indicate high
resistance to abrasion. Further, to inprove the seizure |imt load, in 5
addition to use of ester oil, a nethod using an additive may be consi der ed.
For exanpl e, by adding phosphoric ester (TCP) of a very high pressure
additive of phosphorus series to mneral oil, the seizure limt |oad can be

i ncreased and the resistance 10 to sliding can be increased. Further, wth
respect to polyal kyl ene glﬁcol &PAG by a simlar additive, the seizure
limt |oad ther @&ftUutsldghe AC§HE 1¥haﬁntﬁaﬁ sestede¥elois 1agd sSPeSimessst ance
t hereof is excellent. However, ester oil has an ester linkage in the 15

nol ecul ar str uctlt}'r &SP igeh That syen AtheT Matediials B GaReal | c

surface, while | n addltlve IS s d, mhen a freezer is used continuously,
the additive ish LGP tansH t he rellablllty is |owered

I nevitably due to l%nuc"r theerrm x5 1m|:pu1[c§\peerﬂhePAs%iszuljxte Iimit load, in

5 addition to use of ester o0il, a method using an
additive may be considered. For example, by adding
phosphoric ester (TCP) of a very high pressure
additive of phosphorus series to mineral oil, the
seizure limit load can be increased and the resistance

10 to sliding can be increased. Further, with respect to
polyalkylene glycol (PAG), by a similar additive, the
seizure limit load thereof is made higher than that of
ester 0il and the resistance thereof is excellent.

However, ester o0il has an ester linkage in the

15 molecular structure and also has an adsorption action
to the metallic surface, while if an additive is used,
when a freezer is used continuously, the additive is
consumed slowly. Therefore, the reliability is lowered
inevitably due to long-term use. Further, PAG suffers

20 in inferior lubricity. They are all inferior in the
viewpoint of secureness of the long-term reliability
and use of ester o0il is desirable. Actually, as shown
in Fig. 8, even if the operation time exceeds 1000
hours, no reduction is seen in the lubrication

25 performance and a stable operation can be realized.



20 in inferior lubricity. They are all inferior in the viewoint of
secureness of the long-termreliability and use of ester oil is desirable.
Actually, as showmmn in Fig. 8, even if the operation tinme exceeds 1000
hours, no reduction is seen in the lubrication 25 performance and a stable
operation can be realized. - 58 Next, the foam ng of freezer oil was
investigated. As foaming in the encl osedggontainer, foam ng due to bunping
and foam ng by the agitation action nay be cited. Wen freezer oil foans, a
| ubricant is not fed 5 sufficiently to the sliding portion, so that it is
necessary to avoid it. Particularly, when a lubricant foans easily or it is
hardly returned fromthe foamng state, it is difficult to ensure feed of
oil tothe sliding portion. 10 Therefore, fromthe results of the foam ng
test (JIS K2518), the influence on the lubricity in the_ enclosed
conpressor or freezNfXfastboafQamdndand fEBRFPENRAL Kast LBY¥SEE1igREednhen
ester oil in which_the foanlng capacity_in the JIS K2518 test is 50 nL or
15 | ess (24 C, 33 Boaningohpokhe %0%%%?0%61{1% foamingaineit9 is 10 nL

IS, use np strong, i nfluence on

or less (24 C, 93.5, C, m. 93,5 C
t he relfablI|t?uTﬁl?%ea%§CF8§@Hn%gﬁ%rEE%O?&éﬁﬂt+?%e?8Fl?§ MAE BYni zed.

cited. When freezer o0il foams, a lubricant is not fed

5 sufficiently to the sliding portion, so that it is
necessary to avoid it. Particularly, when a lubricant
foams easily or it is hardly returned from the foaming
state, it is difficult to ensure feed of o0il to the
sliding portion.

10 Therefore, from the results of the foaming test
(JIS K2518), the influence on the lubricity in the
enclosed compressor or freezer was evaluated and
confirmed. As freezer o0il, when ester o0il in which the
foaming capacity in the JIS K2518 test is 50 mL or

15 less (24 °C, 93.5 °C, from 93.5 °C to 24 °C) and the
foam stability is 10 mL or less (24 °C, 93.5 °C, from
93.5 °C to 24 °C) is used, no strong influence on the
reliability of the enclosed compressor and freezer is
recognized.

20 Bumping, by use of ester o0il, is suppressed more
clearly than mineral oil. As a reason, a difference in
the compatibility with the refrigerant may be cited.
Namely, ester oil is excellent in the compatibility
with the HC refrigerant but is not dissolved so much

25 as mineral oil. Therefore, bumping at start time of



20 Bunping, by use of ester oil, is suppressed nore clearly than m neral
oil. As a reason, a difference in the conpatibility with the refrigerant
may be cited. Nanely, ester oil is excellent in the conpatibility wth the
HC refrigerant but is not dissolved so much 25 as mneral oil. Therefore,
bumping at start tinme of - 59 the conpressor can be suppressed and an
occurrence of noise can be prevented. Eur@hqr, ester oil is dissolved in a
refrigerant less than mneral oil, so that it can maintain the actual
viscosity in the 5 conpatible state and can contri bute to inprovenent of

the reliability. Actually, by use of ester oil in which the viscosity of
freezer oil is a kinetic <coefficient of viscosity at 40 Cof 5 to 32 cSt,

it can be confirmed that the reliability can be ensured 10 and a kinetic
coefficient of viscosity of 5 to 15 ¢St can desirably realize high
efficiency of atheeeo@presephcraneb§, SUBPTASSEAeaRdr aAsOSRBRACNACFPE. 1,
when the encl osed conpressor 100 using the refrigerant and freezer oi

which are expl aRf&8caBBebPsPEBHABELAd, FUELher( IRSIAB L) 115 of ester oil is
smaller than 5 ¢St, slight progress of abrasion is recognized, though by

use of ester oifligFobve t1BrahF@ﬁﬁigeﬁﬁnEai??EuFBFn BiBgFem P41li nfBsed.

Further, in the so-called | ow gressure chanber tgge conpressor conposed of
an that it can maintailn the actual viscosity in the

5 compatible state and can contribute to improvement of
the reliability. Actually, by use of ester oil in
which the viscosity of freezer oil is a kinetic
coefficient of viscosity at 40 °C of 5 to 32 cSt, it
can be confirmed that the reliability can be ensured

‘10 and a kinetic coefficient of viscosity of 5 to 15 cSt
can desirably realize high efficiency of a freezer.
Concretely, to the freezer as shown in Fig. 1,
when the enclosed compressor 100 using the refrigerant
and freezer oil which are explained above is connected,
15 if the viscosity of ester oil is smaller than 5 cSt,
slight progress of abrasion is recognized, though by
use of ester oil of 5 ¢St or higher, no particular
problem is imposed. Further, in the so-called low-
pressure chamber type compressor composed of an
20 enclosed container at a low pressure, it is confirmed
that by reducing the viscosity of ester oil to 15 ¢St
or lower, the efficiency as a freezer is controlled
within a no-questionable range.
As a reason that even if the viscosity of ester

25 0oil is low such as 5 to 15 c¢cSt, secureness of



20 encl osed container at a |low pressure, it is confirned that by reducing
the viscosity of ester oil to 15 ¢St or lower, the efficiency as a freezer
is controlled wthin a no-questionable range. As a reason that even if the

viscosity of ester 25 oil is low such as 5 to 15 cSt, secureness of - 60
reliability and realization of high efficiency are nade avail able, the
follow ng may be considered. Ester oil iggxcellent in the adsorptivity

with the netallic surface, so that even if the viscosity is |ow such as 5 5
cSt, it produces an abrasion suppression effect at the sliding portion.
When a high-viscosity lubricant exists at the sliding portion, the
operation efficiency is apt to |lower due to resistance to sliding, while a
| ow viscosity lubricant has a | ow 10 resi stance, thereby can increase the
efficiency. From these investigations, by use of ester oil having a

ki netic coefficrehiabilitycenit yealizetionf of hyghseffdciengy A&ESI st ance of
sliding is reduced, and furthernore the abrasion is suppressed, and as a 15
result, the sectBp@fied¥adflapdpi abhpi £9laaningaMayabroRonsidRIrgh -ef§$€e®ency
can be nade conpatible wth_each other. Simlarly fromthese investigation
results, as a @héréﬁt§¥P§3ﬂ6n60§§e§§§daﬁ§°EEFéV1¥VIWFFEeFP? metpadig

surface, so that even if the viscosity is low such as
5 5 ¢cSt, it produces an abrasion suppression effect at
the sliding portion. When a high-viscosity lubricant
exists at the sliding portion, the operation
efficiency is apt to lower due to resistance to
sliding, while a low-viscosity lubricant has a low
10 resistance, thereby can increase the efficiency. From
these investigations, by use of ester oil having a
kinetic coefficient of viscosity at 40 °C of 5 to 15
cSt, the resistance of sliding is reduced, and
furthermore the abrasion is suppressed, and as a
15 result, the secureness of reliability and realization
of high efficiency can be made compatible with each
other.
Similarly from these investigation results, as a
characteristic possessed by ester oil itself, it has a
20 high adsorptivity with the metallic surface, so that
even if freezer oil mixed with mineral oil is used, a
similar action efficiency can be expected.
Next, the refrigerant charging amount will be
described. The HC refrigerant used in this embodiment

25 is combustible and it is required to reduce the amount



20 high adsorptivity with the netallic surface, so that even if freezer oi
mxed with mneral oil is used, a simlar action efficiency can be
expected. Next, the refrigerant charging amount will be described. The HC
refrigerant used in this enbodinment 25 is conbustible and it is required to
reduce the amount 61 to be charged into the freezer. If ester oil is used
as freezer oil, it is effective in reducing the refrigerant chargi ng anount
and inproving the safety of the freezer.- Bie-reason is as indicated bel ow.
5 When using an HC refrigerant such as isobutane, ester oil is reduced nore
in solubility than mneral oil. Due to the difference in solubility, as
menti oned above, a foam ng suppression effect is produced, though in
addition to it, it is effective also in 10 reducing the refrigerant charging
anount. The reason is that if the refrigerant is charged in the sane
amount, the net refrigeran no Lng th coal | cle
i ncreased in cor$%s%%n e%%ée(?ol#ﬁé {lg(lr;m% é%\% 'dﬁsfsoﬁs\cﬁeéf%nﬁhles fdrszeedzer oi | .
Namely, when 15 fhecffeoz roﬂi' 1§ ghange, c§£x9£“ er{é’&&@iﬁ‘l; ﬁh& to the
ester oil, the refrigerant chafging anoun or I splaying”the capacity
necessary as a f b e r r z hay hi gh

y FEELE eg-lf?ﬁ% g%%{r»gﬁh' Shodfe &aﬁg ﬁgﬁglﬁgb‘ﬁge S48y 9

safety for suppressi I ng anount o
of the freezer. The reason is as indicated below.

5 When using an HC refrigerant such as isobutane,
ester oil is reduced more in solubility than mineral
0il. Due to the difference in solubility, as mentioned
above, a foaming suppression effect is produced,
though in addition to it, it is effective also in

10 reducing the refrigerant charging amount. The reason
is that if the refrigerant is charged in the same
amount, the net refrigerant amount for acting the
cooling cycle is increased in correspondence to the
amount not dissolved in the freezer o0il. Namely, when

15 the freezer o0il is changed from the mineral oil to the
ester oil, the refrigerant charging amount for
displaying the capacity necessary as a freezer can be
reduced. Therefore, a freezer having high safety for
suppressing the charging amount of a combustible

20 refrigerant can be provided.

Further, it can be confirmed that the COP (result
coefficient) is on the same level equal to that when
mineral oil is used. Namely, unless the efficiency
reduction due to use of ester o0il is caused, a similar

25 or higher efficiency can be realized. Further, in the



3 , i
20 refrigerant can be provided. Further, it can be confirnmed that the COP
(result coefficient) is on the sane |evel equal to that when m neral oi
is used. Nanely, unless the efficiency reduction due to use of ester oil is
caused, a simlar 25 or higher efficiency can be realized. Further, in the
62 so-called capacity variable enclosed conpressor capable of changing the
nunber of rotations, the tenperature change inside the encl osed container
due to change of the nunber of operatior ®@tations, that 5 is, high speed
of rotation or |ow speed of rotation is apt to increase, though by use of
hi ndered ester for maintaining a stable lubrication performance in a w de
tenperature zone, in the area of each nunber of rotations, a high-efficient
operation can be perforned. 10 In the aforenentioned exanples, the case that
the reciprocal conpressor connected by the ball joint nechanismis used is
expl ai ned, though t S i hyent i { i jmted to it.
Even if the so-%%|$§%3%§d§%%a§% ?é%gg%%gp?@%%§§%§n8§b§%g¥§g#eciprocating
conpressor is us n.gh t t t th i el ion

mp ﬁ&e‘pas gt éhéfﬁglilgg Bl?éaﬁ@géef of NEoBLEHLRY, PPRL

(particularly, t rding por W-speed reciprocating notion) is
increased, it capahe APPLEEU:h8396 inside the enclosed container due

to change of the number of operation rotations, that
5 is, high speed of rotation or low speed of rotation is

apt to increase, though by use of hindered ester for
maintaining a stable lubrication performance in a wide
temperature zone, in the area of each number of
rotations, a high-efficient operation can be performed.

10 In the aforementioned examples, the case that the
reciprocal compressor connected by the ball joint
mechanism is used is explained, though the present
invention is not particularly limited to it. Even if
the so-~called Scotch yoke type or piston pin type

15 reciprocating compressor is used, when the contact
stress at the sliding portion (particularly, the
sliding portion of a low-speed reciprocating motion)

is increased, it can be applied.



What is clained is 1. A hernetic conpressor conprising: a closed container;
an electric elenent contained in the closed container; a conpression el enent
contained in the closed container, and driven by the electric elenment; and
a sliding part |ocated between the electric element and the conpression

el ement, the relative novenent of the sliding part being a |owvelocity
reci procation, wherein isobutane (R600ag3is used as a refrigerant that is
conpressed in the conpression elenent, and a fatty ester oil is used as a
refrigerating oil, the fatty ester oil having a critical seizure |oad by
Fal ex test conwektedstelaimbiess that is larger than a Hertz stress
converted as a contact stress at the sliding part reciprocating at a | ow
velocity. 2. A hernetic conpressor conprising: a closed container; an
electric element contained in the closed container; a conpression el enent
contained in the closed container, 64 - and conprising a piston; a

crankshaft driwgnlpxugggﬁgkﬁg§ﬁ@%egg%%e?%ﬁggmgiﬁgconnecting rod, the
e sha

connecting rod connecting 't rank nd thé piston, and the connected
part of the copnectdng J9d4and,t.he piston being a sliding part, wherein

an electric element contained in the closed container;

a compression element contained in the closed container,
and driven by the electric element; and

a sliding part located between the electric element and
the compression element, the relative movement of the
sliding part being a low-velocity reciprocation, wherein

isobutane (R600a) is used as a refrigerant that is
compressed in the compression element, and

a fatty ester oil is used as a refrigerating oil, the
fatty ester oil having a critical seizure load by Falex
test converted to a stress that is larger than a Hertz
stress converted as a contact stress at the sliding part
reciprocating at a low velocity.

2. A hermetic compressor comprising:

a closed container;

an electric element contained in the closed container;

a compression element contained in the closed container,



i sobutane (R600a) is used as a refrigerant that is conpressed in the
conpression elenent, and a fatty ester oil is used as a refrigerating oil,
the fatty ester oil having a critical seizure |oad by Falex test converted
to a stress that is larger than a Hertz stress converted as a contact
stress at -the connected part. 3. The hernetic conpressor according to Caim
2, Wwherein the contact pressure at t-hes&£onhnected part is 10 MPa or nore,
and the hernetic conpressor has such a structure that the refrigerating oi
can be fed to the connected part. 4. The hernetic conpressor according to
Gaim2, wherein the refrigerating oil having the critical seizure load by
Fal ex test of 3000 N or nore is used. 5. The hernetic conpressor according
to Claim 3, %h%r%ﬁmpr%$k996ﬁrﬁkﬁﬁ%&ung 0|I having the critical seizure |oad
by Falex test of 3000 N or nore is used. 6. The hernetic conpressor
accordi ng to any énéréﬁk%%aftcﬁ%&Yﬁ?:Pﬁ(ih? adsteils eremeBtyi gefating oil
has a viscosity of 5 - 15 ¢St as coefficient of kinetic VISCOSItK at 40 C
7. The hernetic cenpPRBeBFLRBECHP Mt FCAUARE FAEDLOACCePAECEIRg Bhepherein

crankshaft and the piston, and the connected part of the
connecting rod and the piston being a sliding part, wherein

isobutane (R600a) is used as a refrigerant that is
compressed in the compression element, and

a fatty ester oil is used as a refrigerating oil, the
fatty ester o0il having a critical seizure load by Falex
test converted to a stress that is larger than a Hertz
stress converted as a contact stress at the connected part.

3. The hermetic compressor according to Claim 2,
wherein

the contact pressure at the connected part is 10 MPa or
more, and the hermetic compressor has such a structure that
the refrigerating oil can be fed to the connected part.

4. The hermetic compressor according to Claim 2,
wherein

the refrigerating oil having the critical seizure load
by Fale# test of 3000 N or more is used. |

5. The hermetic compressor according to Claim 3,
whérein

the refrigerating o0il having the critical seizure load
by Falex test of 3000 N or more is used.

6. The hermetic compressor according to any one of



e m s B

the fatty ester oil having a degree of foamng of 50 nL or less and a
stability of foamof 10 nL or less is used as the refrigerating oil. 8. The
hermeti ¢ conpressor according to Claim6, wherein the fatty ester oi

havi ng a degree of foamng of 50 nL or less and a stability of foamof 10
m. or less is used as the refrigeratin% oil. 9. The hernetic conpressor
according to any one of Cains 2 to-565wherein the fatty ester oil is at

| east one conpound sel ected from conpounds represented by the general
formulas (1), (2), and (3): [Formula 1] O...(1) (R-CH2)Z O0-(CHz O
(-GR2)2 [Forrrula 2] 0 R-CHR27CG(GR2-O0CGR2)3 (2) [Formula 3] 66 - O If

(3) G éi%&é% ﬁ?%sﬂ %&%1@1 represents a hydrogen or an al kyl group

héVing from on' atomms, and R2 represents an al kyl group

the refrigerating oil has a viscosity of 5 - 15 cSt as
coefficient of kinetic viscosity at 40 °C.

7. The hermetic compressor according to any one of
Claims 1 to 5, wherein

‘the fatty ester oil having a degree of foaming of 50 mL
or less and a stability of foam of 10 mL or less is used as
the refrigerating oil.

8. The hermetic compressor according to Claim 6,
wherein

the fatty ester oil having a degree of foaming of 50 mL
or less and a stability of foam of 10 mL or less is used as
the refrigerating oil.

9. The hermetic compressor according to any one of

Claims 2 to 5, wherein

the fatty ester oil is at least one compound selected
from compounds represented by the general formulas (1), (2),
and (3):

[Formula 1}
0

[Formula 2]
O

] . (2)
R,~CH,~C-(CH,~O-C-R,),

[Formula 3]



having from5 to 12 carbon atons. 10. The hernetic conpressor according.to
Caim9, wherein the fatty ester oil includes unsaturated fatty ester oi
and added antioxidant. 11. The hernetic conpressor according to Caim?9,
wherein the connected part of the piston and the connecting rod is nade up
of an inner spherical surface in the piston and a spherical body part of
the connecting rod that are connected @ﬁ means of ball-joint mechanism the
connecting rod is provided with a through-hole reaching froman eccentric
part of the crankshaft to the connected part to feed the refrigerating oi
to the connected part, argl the refrigerating oil is fed tothe contact
surface of the inner sphgrical surface in the pistqn.gag the spherical
body part of the &onW@Hgt®®gRe)ad. 12. The hernetic conpressor according to

Caim9, whereingyhéee PRSP razentieachpaesyendor 08n as Bk fRASr &lp i mg 67
based sintered material that is sealed by triiron tetroxide fornmed by steam

treatnent or ff&n-based sddiiredtBissr aad RLIeapessamtd LondlKed drerat ment
of steam and gas nitrocarburi zing.
having from 5 to 12 carbon atoms.
10. The hermetic compressor according.to Claim 9,
wherein

the fatty ester oil includes unsaturated fatty ester

01l and added antioxidant.

11. The hermetic compressor according to Claim 9,
wherein

the connected part of the piston and the connecting rod
is made up of an inner spherical surface in the piston and
a spherical body part of the connecting rod that are
connected by means of ball-joint mechanism,

the connecting rod is provided with a through-hole
reaching from an eccentric part of the crankshaft to the
connected part to feed the refrigerating oil to the
connected part, and

the refrigerating oil is fed to the contact surface of
the inner spherical surface in the piston and the spherical
body part of the connecting rod.

12. The hermetic compressor according to Claim g,
wherein

the piston and the connecting rod are made of iron-



13. The hernetic conpressor according to Caim1l2, wherein the ten-point
mean-roughness (Rz) of the sliding: surface of the connecting rod at the
connected part of the piston and the connecting rod is nade to be within
the range of 0.1 inn - 2.2 pm 14. The hernetic conpressor according to
Claim 13, wherein the clearance betwegn the piston and the connecting rod
at the connected part of the piston and the connecting rod is nmade to be
within the range of 3 m- 10 pm 15. A hernetic conpressor conprising: a
cl osed container; an electric elenent contained in the closed container; a
conpression el ement contained in the closed container, and conprising a
pi ston; a cr ddesvafstindeirednmbyerheletbatris etahedtby anwl r worhredetaxigler od,
the connecting rod connecting the crankshaft and the piston, and the
connect ed parfiomfed by s¢eametrengmeot andirpe-pasednsbeiened rdtatiieg part,
wherein 68 isobutane (R600a) is used as a refrigerant that is conpressed
in the conprédssiadrecdkiwdimbnicom@ihgtt fresteenti ¢fisteaedand gagefrigerating
oil, the fatty ester oil having a critical seizure |load by Falex test
converted to reitstoaeesdurigings | arger than a Hertz
13. The hermetic compressor according to Claim 12,
wherein
the ten-point mean roughness (Rz) of the sliding
.surface of the connecting rod at the connected part of the
piston and the connecting rod is made to be within the
range of 0.1 pm — 2.2 pm.
14. The hermetic compressor according to Claim 13,
wherein
the clearance between the piston and the connecting rod

at the connected part of the piston and the connecting rod

is made to be within the range of 3 pm - 10 pm.

15. A hermetic compressor comprising:

a closed container;

an electric element contained in the closed container;

a compression element contained in the closed container,
and comprising a pilston;

a crankshaft driven by the electric element; and

a connecting rod, the connecting rod connecting the
crankshaft and the piston, and the connected part of the

connecting rod and the piston being a sliding part, wherein



stress converted as a contact stress at the connected part, the connected
part of the piston and the connecting rod nade up of an inner spherical
surface in the piston and a spherical body part of the connecting rod that
are connected by nmeans of ball-joint nmechanism the connecting rod is

" provided with a through-hole reachingggroman eccentric part of the
crankshaft to the connected part to feed the refrigerating oil to the

connected part, and.the refrigerating oil is fed to.the contact surface of
Che i nner Spneri aaPERiArEcd REYORRe B SE6H Afa"thel Sher e L part o

t he connectiggwh?%ﬁs%g.ié Eﬁgrkgﬁﬁﬁ%ggfo nii{.comprising: a hermetic

conpressor 1 n a conpressi on el enent and an ‘el ectric elenment are

contained in a closed GORLAENCL 1 3:CLaRKSAAML ALEXPGe BY: LilP Q1 ECIIE

el ement and a piston are connected via a connecting rod, a € conpression
el ement has g gl 'engEarog;l ﬂaggﬂﬁggsgfrigiégftéé(i%\?f'é]%éaecg r}eyp E‘aheext
conpressor; a pressure reduction chanismdirectly connected to he .
compressor; and an sYaRALAl op di LegLby conpeel el oo f NG GPPIRSSY , wherein
- 69 isobutane {( a) I's used as a refrigerant at 1s conpressed in the
conpression %k%%%@ttoﬁggrted as a contact stress at the connected part,

the connected part of the piston and the connecting rod

made up of an inner spherical surface in the piston and a

spherical body part of the connecting rod that are

connected by means of ball-joint mechanism,

the connecting rod is provided with a through-hole
reaching from an eccentric part of the crankshaft to the
connected part to feed the refrigerating oil to the
connected part, and

the refrigerating oil is fed to the contact surface of
the inner spherical surface in the piston and the spherical
body part of the connecting rod.

16. A refrigeration unit comprising:

a hermetic compressor in which a compression element
and an electric element are contained in a closed container,
a crankshaft driven by the electric element and a piston
are connected via a connecting rod, and the compression
element has a sliding part:;

a condenser directly connected to the compressor;

a pressure reduction mechanism directly connected to
the compressor; and

an evaporator directly connected to the compressor,

wherein



a fatty ester oil is used as a refrigerating oil, the fatty ester oil
having a critical seizure |load by Falex test converted to a stress that is
| arger than a Hertz stress converted as a contact stress at the connected
part. 17. A refrigerator conprising: a hernetic conpressor in which a
conpression el enment and an el ectric_e gnent are contained in a cl osed
container, a crankshaft driven by the electric elenent and a piston are
connected via a connecting rod, and the conpression elenent has a sliding
part; an evaporator positioned in an insulated space that is separated from
the hernetic conpressor by an adi abatic wall t.h or, constituting a
refrigeratingiégguéaaﬁoﬁﬁ dPeh %ﬁe”?ﬁaTﬁﬁiﬁzﬁﬁﬁﬁﬁ %éaﬁguﬁﬁ%%réfn isobutaneg
(R600a) is used as a refrigerant that i conpr d in the conpression

el enent amdmpyapeedt td Fhet?@ﬂPEﬁé&kﬁQu%;?m%ﬁg §§?§tty ester oil is used as

arefrigerating oil, the fatty.ester oil L pg: 141 i Seigy e | oad by
Fal ex test ceonvert¥defses Stleis PAgE 7% :#%éﬁhéﬁééﬁéﬁqknﬁﬁ stress

converted as a contact stfess at the, CONDECLER, B toad by Falex

test converted to a stress that is larger than a Hertz

stress converted as a contact stress at the connected part.

17. A refrigerator comprising:

a hermetic compressor in which a compression element
and an electric element are contained in a closed container,
a crankshaft driven by the electric element and a piston
are connected via a connecting rod, and the compression
element has a sliding part:

an evaporator positioned 1in an insulated space that is
separated from the hermetic compressor by an adiabatic wall,
the evaporator constituting a refrigerating cycle along
with the hermetic compressor, wherein

isobutane (R600a) is used as a refrigerant that is
compressed in the compression element and evaporated in the
evaporator, and

a fatty ester oil is used as a refrigerating oil, the
fatty ester oil having a critical seizure load by Falex
test converted to a stress that is larger than a Hertz

stress converted as a contact stress at the connected part.



