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HERMETI C MOTOR DRI VEN SCROLL APPARATUS HAVI NG ;WRQ/EIYQFLUBRI CAT,ING%W%?‘GMW
MECHANI SM BACKGROUND OF THE | NVENTI ON Techni caj,_Fi &l"d°-6f- GthéHfviant i orssThi s |
invention relates to a hernetic notor driven scfol | apparatnsi.iand: pore tr.
particularly to a lubricating mechanismfor the’hernetic :mot.or. Ydr tvenes ¥
scrol | apparatus. Description of the Prior Art:¥ernetic:mptor: d&jven.serei:
apparatuses are generally well-known. -For exqmﬁl e, in Figure 4 of US ~
Pat ent No. 5,247,738 to Yoshii, there is showijia hernetic type notor driven:
scrol |l conpressor. Referring to Figure 1, which™i's substantt+af+y- i-denti.cat:;
to Figure 4 of U S. Patent No. 5,247,738 to Yoshii, there is shown an

overal | HERMETIC MOTOR DRIVEN SCROLL APPARATUS
HAVING IMPROVED LUBRICATING MECHANISM

BACKGROUND QOF THE INVENTION

Technical Field of the Invention

This inverntion relates to a hermetic motor driven scroll apparatus, and more
particularly to a lubricating mechanism for the hermetic motor driven scroll apparatus.

Description of the Prior Art

Hermetic motor driven scroll apparatuses are generally well-known. For
example, in Figure 4 of U.S. Patent No. 5,247,738 to Yoshii, there is shown a hermetic
type motor driven scroll compressor. Referring to Figure 1, which is substantially
identical to Figure 4 of U.S. Patent No. 5,247,738 to Yoshii, there is shown an overall -
construction of a hermetic type motor driven scroll compressor. For purposes of
explanation only, the left side of Figure 1 will be reférred to as the forward end or front
of the compressor and the right side of Figure 1 will be re;fen'ed to as the rearward end
or rear of the compressor.

The hermetic type motor driven scroll compressor 100 comprises a corﬁpressor-
housing 11, which houses"a;‘cor_rxpression mechanism 20. Compression méchanism 20 is
a scroll-type fluid cémpr__éssidr;mechanisr.n.‘ A dr_iy? mechanism 30 is also housed within
housing 11. Housing 11 cdmpfisqs':.é;/iindrféal portion 111 and first and second cup-
shaped portions llé and 113. An _‘df)&l end of first cup-shaped portion 112 is releasably
and hefmetica_lly .'conh.ect.ed to ai front open end of cyiin&rical portion 111 by a plﬁrality

of bolts 12. An open end of second cup-shaped portion 113 is releasably and
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construction of a hernetic type notor driven scroll conpressor.

For

pur poses of explanation only, the left side of Figure 1 will be referred to
as the forward end or front of the conpressor and the right side of Figure
l-will be referred to as the rearward end or rear of the conpressor. The
~hernetic type notor driven scroll conpressor 100 conprises a conpressor
housi ng 11, which houses a conpression thani sm 20. Conpressi on nechani sm
20 is a scroll-type fluid conpression nechanism A drive mechanism 30 is

al so housed within housing 11. Housing 11 conprises cylindrical

portion 111

and first and second cup- shaped portions 112 and 113. An open end of first
cup- shapedepmeticaly ¢dmectedr @l 2asabéperannid bé cyltdroal ipprionidd thyda phurality ot

open end of cylindrical portion 111 by a plurality of bolts 12. An open
end of segnd 1GUP- shaped portion 113 is rel easably and

Scroll-type fluid compression mechanism 20 comprises fixed scroll 21 having
circular end plate 21a and spiral element 21b, which rearwardly extends from circular
end plate 21a. Circular end plate 21a of fixed scroll 21 is fixedly disposed within first
cup-shaped portion 112 by a plurality of bolts 14. Compression mechanism 20 further
comprises orbiting scroll 22 having circular end plate 22a and spiral element 22b, which
forwardly extends from circular end piate 22a. Spiral element 21b of fixed scroll 21
interfits with spiral element 22b of orbiting scroll 22 with an angular and radial offset.

Seal element 211 is disposed at an end surface of spiral element 21b of fixed
scroll 21, thereby sealing the mating surfaces of spiral elemént 21b of fixed scroll 21 and
circular end plate 22a of orbiting scroll 22. Similarly, seal element 221 is disposed at
an end surface of spiral element 22b of orbiting scroll 22, thereby sealing the mating
surfaces of spiral element 22b of orbiting scroll 22 and circular end plate 21a of fixed
scrolt 21. O-ring seal element 40 is elastically disposed between an outer peripheral
surface of circular end plate 21a of fixed scroll 21 and an inner peripheral surface of
first cup-shaped portion 112 to seal the mating surfaces therebetween. Circular end
plate 21a of fixed scroll 21 partitions an ihner hollow space of compressor housing 11
into discharge chamber 50 and suction chamber 60.

Circular end plate 21a of fixed scroll 21 is provided with valved discharge port
21c axially formed therethrough so as to link discharge chamber 50 to a central fluid

pocket (not shown), which is defined by fixed and orbiting scrolls 21 and 22. First cup-
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.-2- hernetically connected to a rear open end of cylindrical portion 111 by
a plurality of bolts 13. Scroll-type fluid conpressi on nechani sm 20
conprises fixed scroll 21 having circular end plate 2la and spiral el enent
21b, which rearwardly extends fromcircular end plate 21la. Crcular end

pl ate 21a of fixed scroll 21 is fixedly3disposed within first cup-shaped
portion 112 by a plurality of bolts 14. Conpressi on nechani sm 20 further
conprises orbiting scroll 22 having circular end plate 22a and spiral

el ement 22b, which

shaped portion 112 has cylindrical projection 112a forwardly projecting from a central
region of an outer surface of a front end section thereof. Comprcésed refrigerant fluid
1s discharged from the centr.al fluid pocket through valved discharge port 21c and into
discharge chamber 50. Discharge chamber 50 is connected to an external cooling circuit
(not shown) through axial hole 112b. Axial hole 112b, which functions as an outlet port
of compressor 10, is formed through cylindrical projection 112a so as to be connected
to an inlet of an element (not shown), e.g., condenser of the external cooling circuit
through a pipe member (not shown). |

Drive mechanism 30 comprises drive shaft 31 and motor 32 for rotating drive
shaft 31. Drive shaft 31 comprises pin member 31a, which forwardly extends from, and
is integral with, a front end surface of drive shaft 31. An axis of pin member 31a is
radially offset from an axis of drive shaft 31. Bushing 311 is rotatably disposed within
annular projection 22c, which .éxially projects from a central region of the rear end
surface of circular end plate 22a of orbiting scroll 22, thfough radial needle bearing 312.
Bushing 311 includes a small cylindrical projection (not shown) which is formed at a
rear end surface thereof. A longitudiﬁal axis of the small cylindrical projection is radi-
ally offset from a longitudinal axis of bushing 311 by a predetermined distance, such as
the radius of circular orbit which is created during the orbital motion of orbiting scroll
22. The small cylindrical projection of bushing 311 is loosely received within a small
cylindrical depression (not shown) which is formed at the; front end surface of drive shaft
31. Shallow depression 311a is formed at a front end surface of bushing 311. Balance

weight 313 is fixedly disposed on a rearward extension of bushing 311 and serves to
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forwardly extends fromcircular end plate 22a. Spiral elenment 21b of fixed
scroll 21 interfits with spiral element 22b of orbiting scroll 22 with an
angul ar and radial offset. Seal elenent 211 is disposed at an end surface
of spiral elenent 21b of fixed scroll 21, thereby sealing the mating
surfaces of spiral elenment 21b of flxed4scroll 21 and circular end plate
22a of orbiting scroll 22. Simlarly, seal elenent 221 is disposed at an
end surface of spiral elenent 22b of orbiting scroll 22, thereby sealing
the mating surfaces of spiral elenent 22b of orbiting scroll 22 and

Circul ar lsaldng thiecto2due of dfivestihfs81.0Pin Alemberi3lags seatabdy aiverted4f ansaxial
el astically disposed between an outer peripheral surface of circular end
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bushing 311. Relative axial movement between pin member 31a and bushing 311 is
prevented by snap ring 314 which is fixedly mounted about a front end portion of pin
member 31a.

Inner block 23 extends radially inwardly from, and is inte;gral with, the front end
of cylindrical portion 111 of compressor housing 11. Rotation preventing mechanism
24 is disposed between inner biock 23 and circular end plate 22a of orbiting scroll 22
so that orbiting scroll 22 only orbits during rotation of drive shaft 31. Inne_:r block 23
comprises a central hole 23a of which the longitudinal axis is aligned with the
longitudinal axis of cylindrical portion 111. Bearing 25 is fixedly disposed within central
hole 23a so as to rotatably support a front end portion of drive shaft 31. Inner block
23 partitions suction chamber 60 into first suction chamber section 61 rearward of inner
block 23 and second suction chamber section 62 forward of inner block 23. A plurality
of holes 35 are axially formed through inner block 23 to link first and second suction
chamber sections 61 and 62.

Second cup-shaped portion- 113 comprises annular cylindrical projection 113a
forwardlybprojecting from a central region of an inner surface of a rear end section
thereof. The longitudinal axis of annular cylindrical projection 113a is aligned with the
longitudinal axis of second cup-shaped portion 113. Bearing 26 is fixedly disposed within

annular cylindrical projection 113a so as to rotatably support a rear end portion of drive
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" into discharge chanmber 50 and suction chanber 60. Circular end plate 2la of
fixed scroll 21 is provided with val ved di scharge port 21c axially forned
t heret hrough so as to link discharge chanber 50 to a central fluid pocket
(nrot shown), which is defined by fixed and orbiting scrolls 21 and 22.
First cup- -3- shaped portion 112 has5-cylindrical projection 112a
forwardly projecting froma central region of an outer surface of a front
end section thereof. Conpressed refrigerant fluid is discharged fromthe
central fluid pocket through val ved discharge port 21c and into
shaft 31. Second cup-shaped portion 113 further comprises cylindrical projection 113b
rearwardly projecting from a central region of an outer surface of the rear end section
thereof. Axial hole 113c, which functions as an inlet port of compressor 10, is formed
through cylindrical projection 113b and is connected to an outlet of another element
(not shown), e.g., an evaporator of the external cooling circuit, through a pipe member
(not shown). The longitudinal axis of axial hole 113c is aligned with the longitudinal
axis of annular cylindrical projection 113a. A diameter of axial hole 113c is slightly
smaller than an inner diameter of annular cylindrical projection 113a.

First annular cut-out section 15 is formed at an inner periphery of an open end
surface of first cup-shaped portion 112 of compressor housing 11. Consequently, first
annular projection 15a is formed at an outer periphery of the open end surface of first
cup-shaped portion 112. The longitudinal axis of an inner periphery of first annular
projection 15a is aligned with the longitudinal axis of first cup-shaped portion 112.
Second annular cut-out section 16 is formed at an outer periphery of a front open end
surface of cylindrical portion 111 of compressor housing 11. Consequently, second
annular projection 16a is formed at an inner periphery. of the front open end surface of
cylindriéal portion 111. The longitudinal axis of an outer periphery of second annular
projection 16a is aligned with the longitudinal axis of cylindrical portion 111. By the
above described construction, the open end of first cup-shaped portion 112 and the front

open end of cylindrical portion 111 are connected to each other by a faucet joint. O-

ring seal element 41 is elastically disposed at a rear end surface of first annular cut-out
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di scharge chanber 50. Di scharge chanmber 50 is connected to an externa
cooling circuit (not shown) through axial hole 112b. Axial hole 112b, which
functions as an outlet port of conpressor 10, is forned through cylindrical
projection 112a so as to be connected to an inlet of an el ement (not
shown), e.g., condenser of the external cooling circuit through a pipe
nenber (not shown). Drive nechani sm 30 é%nprises drive shaft 31 and notor
32 for rotating drive shaft 31. Drive shaft 31 conprises pin nenber 3la,
which forwardly extends from and is integral with, a front end surface of
drive shaft 31. An axis of pin nenber 3la is radially offset froman axis
of drive ssttadnt 181to Bakthenmaldih} susfaces af divbty aniidposedowt teetion adnaidasecond
projection 22c, which axially projects froma central region of the rear

end surf ggaubir ﬁb&&ﬂbﬁﬁﬁ@.ﬂd pl ate 22a of orbiting scroll 22, thr.ough radial
needl e bearing 312.

Third annular cut-out sectién 17 is formed at an inner periphery of a rear open.
end surface of cylindrical portion 111 of compressor housing 11. Consequently, third |
annular projection 17a is formed at an outer periphery of the rear open end surface of
‘cylindrical portion 111 of compressor housing 11. The longitudinal axis of an inner
periphery éf third annular projection 17a is aligned with the longitudinal axis of
cylindrical portion 111. Fourth annular cut-out section 18 is formed at an outer
periphery of an open end surface of second cup-shaped portion 113 of compressor
housing 11. Consequently, fourth annular projection 18a is formed at an inner periphery
of the open end surface of second cup-shaped portion 113. The longitudinal axis of the
outer periphery of fourth annular projection 18a is aligned with the longitudinal axis of
second cup-shaped portion 113. By the above-described construction, the open end of
second cup-shaped portion 113 and the rear open end of cylindrical portion 111 are
connected to each other by a faucet joint. O-ring seal element 42 is elastically disposed
at a rear end surface of third annular cut-out section 17 to seal the mating surfaces of
third annular cut-out section 17 and fourth annular projection 18a.

Drive shaft 31 further comprises first axial bore 31b axially extending
therethrough. One end of first axial bore 31b is open at a rear end surface of drive
shaft 31 so as to be adjacent to a front open end of axial bore 113c. The other end of
ﬁrét axial bore 31b terminates at a position which is behind bearing 25. A plurality of

radial bores 31¢ are formed at a front terminal end of first axial bore 31b so as to link
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Bushing 311 i.ncludes a small cylindrical projection (not shown) which is
formed at a rear end surface thereof. A longitudinal axis of the smal
cyli-ndrical projection is radi- ally offset froma |ongitudinal axis of
bushing 311 by a predeterm ned di stance, such as the radius of circular
orbit which is created during the orbital- notion of orbiting scroll 22. The
Smal | cylindrical projection of bushing 311 is |oosely received within a
smal | cylindrical depression (not shown) which is forned at the front end
surface of drive shaft 31. Shallow depression 31la is fornmed at a front end

surface ofhdtshi RRemael enBak ARE 8xwEHEHRL3 1313 first dukted biadlbepasedn®. %econd
rearwar d ext ensi on of bushing 311 and serves to

, axial bore 31d axially extends from the front terminal end of first axial bore 31b and is
open at a front end surface of pin member 31a of drive shafi 31. The diameter of
second axial bore 31d is designed to be smaller than the diameter of first axial bore 31b.
The longitudinal axis of second axial bore 31d is radially offset from the longitudinal
axis of first axial bore 31b."

Annular cylindrical projection 113d rearwardly projects from a perif;heral region
of the outer surface of the rear end section of second cup-shaped portion 113. One
portion of annular cylindrical projection 113d'is integral with one portion of cylindrical
projection 113b. An insulating base 27 having external power conductor terminals 272
is firmly secured to a rear end of annular cylindrica.l projection 113d by a plurality of
bolts (not shown). O-ring seal element 43 is elasticaily disposed at a rear end surface
of annular cylindrical projectihon 113d so as to seal the mating surfaces of insulating base
27 and @ular cylindrical projection 113d. |

Motor 32 includes annular-shaped rotor 32a ﬂxédly surrounding an exterior
sﬁrface of drive shaft 31 and annular-shaped stator 32b surrounding rotor 32a with a
small radial air gap. Stator 32b axially extends along the rear open end region of
cylindrical portion 111 and the open end region of second cup-shaped porﬂtion 113.
Stator 32b is disposed between a first annular ridge 111a formed at an inner peripheral

surface of cylindrical portion 111 and a second annular ridge 113e formed at an inner

periplieral surface of second cup-shaped portion 113. The axial length of stator 32b is
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-4- bal ance the torque of drive shaft 31. Pin nenber 3la is rotatably
inserted in an axial hole 311b of bushing 311 to operatively connect pin
menber 31la to circular end plate 22a of orbiting scroll 22. The axis of
hole 311b is radially offset fromthe axis of bushing 311. Rel ative axi al
novenent between pin nmenber 3la and bushgng 311 is prevented by snap ring
314 which is fixedly nmounted about a front end portion of pin nenber 3la.
| nner block 23 extends radially-inwardly from and is integral with, the
front end of cylindrical portion 111 of conpressor housing 11. Rotation

Dot o 2 SiAbr Sy e o b Sugentabebiasn TG aoen B idke i‘ﬂfayﬁéé ieeana
during rotation of drive shaft 31.. I nner bl ock 23
annular ridge 113e.

In a process of assembling compressor 100, stator 32b is fixedly secured to the
rear open end region of cylindrical portion 111 and to the open end region of second
cup-shaped portion 113 by a shrinkage fit technique. According to this technique, stator
32b is inserted into the rear open end region of cylindrical portion 111, until an outer
peripheral portion of a front end surface of stator 32b is in contact with a side wall of
first annular-ridge 111a, or stator 32b is inserted into the open end region of second
cup-shaped portion 113, until an outer peripheral portion of a rear end surface of stator
32b is in contact with a side wall of second annular ridge 113e.

In operation, refrigerant fluid flowing from an outlet of one external element (not
shown), e.g., an evaporatc;r, is conducted into axial hole 113c and then flows through
first axial bore 31b of drive shaft 31. A portion of the refrigerént fluid in first axial bore
31b flows into first suction. chamber section 61 through radial bores 31¢, and then
further flows into second suction chamber section 62 through holes 35 of inner block 23.
The remainder of the refrigerant ﬂuid. in first axial bore 31b of drive shaft 31 flows
through second axial bore 31d, and then flows info a hollow space 63 which is defined
by circular end plate 22a of orbiting scroll 22, annular projection 22¢ and bushing 311.
A portion of the refrigerant fluid in hollow space §3 flows to second suction chamber
section 62 past the internal gaps of radial needle bearirig 312, and the gaps created
between radial needle bearing 312 and annular projection 22¢ and between radial

needle bearing 312 and bushing 311. Therefore, the internal frictional surfaces between
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conprises a central hole 23a of which the longitudinal axis is aligned with
the longitudinal axis of cylindrical portion 111. Bearing 25 is fixedly

di sposed'within central hole 23a so as to rotatably support ‘a front end
portion of drive shaft 31. Inner block 23 partitions suction chanber 60
into first suction chanber section 61 rgarward of inner block 23 and second
suction chanber section 62 forward of inner block 23. A plurality of holes
35 are axially formed through inner block 23 to link first and second
suction chanber sections 61 and 62. Second cup-shaped portion 113 conpri ses

Fogton of bl e beRiRbIE and whdarpigis e ces SRS LHEmeBP ek ety sapnal

axis of annular cyltindrical projection 113a is aligned with the

| ongi t udiradial agédledfcasisgAid andobethimpdl bare iubricatedl bpdar iexampke, lebridatiag! v

di sposed within
oil suspended in the refrigerant fluid in a mist state. The remainder of the refrigerant
fluid in hollow space 63 flows into second suction chamber section 62 past the small air
gaps created between snap ring 314 and bushing 311, between pin member 31a and
bushiﬁg 311, between bushing 311 and balance weight 313, and between balance weight
313 and the front end surface of drive shaft 31. Therefore, the frictional surfaces
between snap ring 314 and bushing 311 and between pin member 31a and bushing 311
are lubricated by the lubricating oil which is suspended in the refrigerant fluid in a mist -
state.

The refrigerant fluid flowing through radial bores 31c and the refrigerant fluid

flowing through second axial bore 31d are merged at second suction chamber section
62, and then are taken past the rotation prevention mechanism 24, then into the outer
sealed-off fluid pockets defined by the fixed and orbiting scrolls 21 and 22. Therefore,
the internal frictional surfaces of rotation preventing mechanism 24 are lubricated by
'the lubricating oil which is suspended in the refrigerant fluid in a mist state. The
refrigerant fluid taken into the outer sealed-off fluid pockets travels centrally’ with
decreasing volume thereof, e.g., with compression thereof, in accordance with an orbital
motion of orbiting scroll 22. The compressed refrigerant fluid is then discharged into
discharge chamber 50 through valved discharge port 21¢ of circular end plate 21a of

fixed scroll 21. The refrigerant fluid in discharge chamber 50 flows through axial hole

112b to an inlet of another external element (not shown), e.g., a condenser.
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annul ar cylindrical projection 113a so as to rotatably support a rear end
portion of drive -5- shaft 31. Second cup-shaped portion 113 further
conprises cylindrical projection 113b rearwardly projecting froma central
region of an outer surface of the rear end section thereof. Axial hole
113c, which functions as an inlet port ofg.conpressor 10, is fornmed through
cyllndrlcal projection 113b and is connected to an outlet of another

el ement (not shown), e.g., an evaporator of the external cooling circuit,

t hrough a pi pe nenber (not shown). The |ongitudinal axis of axial hole 113c

Is aligned wt t}\ctcgledlrllgo 8 itthgd[‘iorr]ggloing conventional compressor, second .axial bore 31d
axially extends from the front terminal end of first axial bore 31b such that the
longitudinal axis of first axial bore 31b is located outside the longitudinal axis of the
second axial bore 31d. Due to this arrangement, the refrigerant fluid inefficiently flows
from the first axial bore-31b to the second axial bore 31d during operation of the
COmpressor. Consequently, a relatively small amount of the lubricating oil is conducted
into hollow space 63 through second axial bore 31d. As a result, the frictional surfaces
between bushing 311 and 'the elements associated with the busing 311, such as pin
member 31a and radial needle bearing 312, are sometimes insufficiently lubricated
during operation of the compressor.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the preferred embodiments to provide a hermetic
motor drive_n scroll apparatus in which the frictional surfaces of the internal component
parts associated with the drive mechanism are effectively and sufficiently lubricated.

In order to achieve the above and otﬁer objects of the preferred embodiments,
there is provided a hermetic motor driven scroll apparatus comprising a housing having
2 fluid inlet port and a fluid outlet port. .A compression mechanism is disposed within
the housing. The compression mechanism includes a fixed scroll fixedly disposed with.in
the housing and an orbiting scroll. The fixed scroll includes a first end plate from which
a first spiral element extexids and the orbiting scroll includes a second end plate from

which a second spiral element extends. The first and second spiral elements interfit at
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axi s of annular cylindrical projection 113a. A dianeter of axial hole 113¢
Is slightly smaller than an inner dianmeter of annular cylindrical
projection 113a. First annular cut-out section 15 is formed at an inner

peri phery of an open end surface of first cup-shaped portion 112 of
conpressor housing 11. Consequently, fi§gt annular projection 15a is formed
at an outer periphery of the open end surface of first cup-shaped portion
112. The | ongitudi nal axis of an inner periphery of first annul ar
projection 15a is aligned with the Iongitudinal axis of first cup-shaped

per i phor oo RERF 8 T8 1h sbike, BB o dine ecateqtE o sfe 27 Rt one

conpressor housing 11. Consequently, second annular projection 16a is

f or med atP%ﬁOfﬁﬁ%lﬁdﬁéfrﬂ‘b‘ﬁé?%Pkéﬁ the front open end surface of cylindrical

portion 111. The | ongitudi nal axis of an outer periphery of second annul ar
A drive mechanism is also disposed within the housing. The drive mechanism

comprises a drive shaft having a first axial end and a second axial end opposite to the
first axial end. The second axial end of the drive shaft is adjacent to the fluid inlet port.
The drive shaft is rotatably supported by the housing through bearings. The drive
mechanism further comprises a crank pin eccentri_cally extending from the first axjal end
of the drive shaft and a bushing having an axial hoie into which the crank pin is
rotatably received. The bushing operatively connects the crank pin to the orbiting scroll.
The orbiting scroll is caused to move in orbital motion by the bushing.

The drive mechanism still further comprises a motor rotating the drive shaft.
The motor includes a rotor fixedly disposed about the drive shaft and a stator fixedly
secured to an interior surface of the housing so as to surround the rotor with a radial
air gap. A rotation preventing device is proﬁéed within the housing betweén the
compression mechanism and the drive mechanism. for preventing the rotation of the
orbiting scroll during its orbital motion.

The drive shaft includes a first axial bore formed therethrough. A second end
of the first axial bore is open at the secdnd axial end of the drive shaft. The first end
of the first axial bore terminates at a position adjacent to the first axiall end of the drive
shaft. lThe first axial bore includes a longitudinal axis. The drive shaft further includes
at least one Tadial bore which radially extends from the ﬁrst end of the first axial bore

and is open at an outer peripheral surface of the drive shaft.
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projection 16a is aligned with the loengitudinal axis of cylindrical portion
111. By the above described construction, the open end of first cup-shaped
portion 112 and the front open end of cylindrical portion 111 are connected
to each other by a faucet joint. O ring seal element 41 is elastically

di sposed at a rear end surface of first_;annular cut-out section 15 to
Seal the mating surfaces of first annular cut-out section 15 and second
annul ar projection 16a. Third annul ar cut-out section 17 is formed at an
inner periphery of a rear open end surface of cylindrical portion 111 of

conmpressor houﬁ{en%nve shcaf?{| sti f%nthle¥ mcpuJeS a second axial bore which includes a

longitudinal axis, and extends from the first end of the first axial bore and is open at an
axial end surface of the first axial end of the drive shaft. The longitudinal axis of the
first axial bore is substantially collinear with the longitudinal axis of the second axial
bore. |

The bushing further includes a first axial end and a second axial end opposite to
the first axial end, and a passage formed therein. The second axial end of the bushing
faces the first axial end of the drive shaft. The passage includes an axial straight portion
having a longitudinal axis. One end of the axial straight portion of the passage is open
at the second axial end of the bushing. The longitudinal axis of the axial straight por-
tion of the passage is aligned with the longitudinal axis of the second axial bore.

In one.preferred embodiment, the axial straight portion of the passage axially
extends from the second axial end to the first axial end of the bushing.

In another preferred embodiment, the first epd of the axial straight portion of the
passage terminates at a positién adjacent to the first axial end of the bhshing. The
passage further includes at least one radial straight portion, which radially extends from
the first end of the axial straight portion of the passage through the axial hole formed
in the bushing and terminates at an outer peripheral surface of the bushing.

These and other features and objects of the present invention will become

apparent when the specification is read in conjunction with the accompanying drawings.
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annul ar projection 17a is formed at an outer peri phery of the rear open end
surface of cylindrical portion 111 of conpressor housing 11. The

| ongi tudinal axis of an inner periphery of third annular projection 17a is.
dligned with the longitudinal axis of cylindrical portion 111. Fourth
annul ar cut-out section 18 is fornmed ati®mn outer periphery of an open end
surface of second cup-shaped portion 113 of conpressor housing 11.
Consequently, fourth annular projection 18a is forned at an inner periphery
of the open end surface of second cup-shaped portion 113. The |ongitudi nal

axis of t Yt o Y~y r projection 18a is aligned
with the IEF BEs IP%NO T[f{%ub Wi S’aped portion 113. By the
above-descri bed. construction, the open _end of second, cu -shape portion 113
and the rear og'ﬁH“‘e & aﬁowm Hml.segw%ﬂ%ﬁg fahergjedicc tea%fweeeﬁewll

other by a faucet joint. Oring seal elenent 42 is el astlcal |y di sposed
compressor accordmg to one prior art embodiment.

Figure 2 is a longitudinal sectional view of a hermetic type motor driven scroll
compressor according to a first prcferréd embodiment.

Figure 3 is an enlarged longitudinal sectional view of a portion of the hermetic
type motor driven scroll_compressor shown in Figure 2.

Figure 4 is a view similar to Figure 3 illustrating a portion of a hermetic type
motor driven scroll compressor according to a second preferred embodiment.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figures 2 and 3 illustrate .an overall and partial construction of a hermetic type
motor driven scroll compressor in accordance with a first preferred embodiment. For
purposes of explanation only, the left side of Figures 2 and 3 will be referred to as the
forward end or front of the compressor and the right side of Figures 2 and 3 will be -
referred- to as the rearward end or fear of the compressor. Further, in Figures 2 and
3, elements similar to those shown in Figuré 1 are accorded like numerals with respect
to Figure 1 and the description of some of the identical elements is substantially
omitted. Therefore, only features or aspects related to the first preferred embodiment
are described in detail Below.

Referring to Figures 2 and 3, a drive mechanism 30 of the hermetic type motor
driven scroll compressor 10 includes drive shaft 31 having second axial bore 31e thch

is formed through a front end portion of drive shaft 31. One end of second axial bore
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at- a rear end surface of third annular cut-out section 17 to seal the
mating surfaces of third annular cut-out section 17 and fourth annul ar
projection 18a. Drive shaft 31 further conpr!ses-flrsp axial bore 31b
axial |y extending therethrough. One end of first axial bore 31b is open at
a,rear end surface of drive shaft 31 so.ps to be adjacent to a front open
end of axial bore 113c. The other end of first axial bore 31b term nates at
a position which is behind bearing 25. A plurality of radial bores 3lc are
formed at a front termnal end of first axial bore 31b so as to link -7-

3le is open at the front terminal end of first axial bore 31b. The other end of second
axial bore 31e is open at a front end surface of drive shaft 31. The diameter, of second.
axial bore 31e is smaller than the diameter of first axial bore 31b, but the longitudinal
axis of first axial bore 31b is preferably substantially collinear with thgt of the second
axial bore 31le.

A passage 33 is axially formed through balance weight 313 and bushing 311. One
end of passage 33 is open at a rear end surface of balance weight 313, and faces the
open end of second axial bore 31e. The other end of passage 33 is open at a bottom
surface of shallow depression 311a of bushing 311. Accordingly, passage 33 axially

_extends from the rear end surface of balance weight 313 and is open at the bottom
surface of shallowi depression 311a of bushing 311. The diameter of passage 33 is
preferably substantially equal to the diameter of second axial bore 31é, and the
longitudinal axis of passage 33 is preferz{bly substantially aligned with the longit‘udinal
axis of second axial bore 31e. Therefore, second .axial bore 31e and passage 33 jointly
form a single axial bore.

1;1 operation, a refrigerant fluid flowing from an outlet of one external element
(not-shown), e.g., an evaporator, is conducted into axial hole' 113c and then flows
through first axial bore 31b of drive shaft 31. A portion of the refrigerant fluid in first
axial bore 31b flows into first suction chamber section 61 through at least one radial
bore 31c (in this embodiment, a plurality of radial bores 31c are provided as shown in
Figure 2) and then further. flows to second suction chamber section 62 through holes 35

" in inner block 23. The remainder of the refrigerant fluid in first axial bore 31b of drive
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the front termnal end of first axial bore 31b to first suction chanber -
section 61. Second axial bore 31d axially extends fromthe front term nal
end -of first axial bore 31b and is open at a front end surface of pin
menber 31la of drive shaft 31. The dianeter of second axial bore 31d is
designed to be smaller than the dianmeter;of first axial bore 3ib. The
IFongi tudi nal axis of second axial bore 3id Is radially offset fromthe

| ongi tudi nal axis of first axial bore 31b. Annular cylindrical projection
113d rearmardly projects froma peripheral region of the outer surface of

the rear cLion of s cond cu pe ortion 113, One, portion of

annul ar cgﬂﬁﬁﬁfﬁ B ShEseBsegan gl ?%E@% PR48¢ %%ea%ﬁt% OW into a
cylindrical projection 113b. An insul ating base 27 having external power
conduct or hoHowispate 62 wdi¢hsistdefimed byetnenkad end plate @3a of gdbiding aenoill 22 annular

cylindrical projection 113d by a plurality of
projection 22¢ and bushing 311. A portion of the refrigerant fluid in hollow space 63

flows to second suction chamber section 62 past the internal gaps of radial needle
bearing 312, and the gaps created between radial needle bearing 312 and annular
projection 22c and between radial needle bearing 312 and bushing 311. Therefore, the
internal frictional surfaces between radial needle bearing 312 and annular projection 22¢
and the frictional surfaces between radial needle bearing 312 and bushing 311 are
lubricated by a lubricant, for example, a lubricating oil which is suspended in the
refrigerant fluid in a mist state. The remainder of the refrigerant fluid in hollow space
63 flows intp second suction chamber section 62 through the small air gaps created
between snap ring 314 and bushing 311, between pin member 31a and bushing 311,
between bushing 311 and balance weight 313, and between balance weight 313 and the
front end surface of drive shaft 31. Therefore, the frictional surfaces between snap ring
314 and bushing 311 and between pin member 31a and bushing 311 are lubricated.
The refrigerant fluid flowing through radial bores 31c and the refrigerant fluid
flowing through second axial bore 31e and passage 33 are mergéd at second suction
chamber sectioh 62, and then are taken past the rotation prevention mechanism 24, then
into the outer sealed-off fluid pockets defined by the fixed and orbiting scrolls 21 and
22. Therefore, the internal frictional surfaces of rotation preventing mechanism 24 is
lubricated by the lubricating oil which is suspended in the refrigerant fluid in a mist

state. The refrigerant fluid taken into the outer sealed off fluid pockets travels centrally
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bolts (not shown). Oring seal elenent 43 is elastically disposed at a rear
end surface of annular cylindrical projection 113d so as to seal the mating
surfaces "of insulating base 27 and annular cylindrical projection 113d.

Mot or 32 includes annul ar-shaped rotor 32a fixedly surrounding an exterior
surface of drive shaft 31 and annul ar-shgped stator 32b surrounding rotor
32a with a small radial air gap. Stator 32b axially extends al ong the rear
open.end region of cylindrical portion 111 and the open end regi on of
second cup-shaped portion 113. Stator 32b is di sposed between a first

ool or AT s el LSRR B OE T S e
surface O]:)rbsitea(i %](%iocnugf_grgﬁ&%dsa%?lrZtZi. OTthal %grhp;regseda;gf?iigerla%rt] turi]d i(gfthgrE gits(c)lqarggcti) 'S
into discharge chamber 50 through valved discharge port 21c of circular end plate 21a
of fixed scroll 21. The refrigerant fluid in discharge chamber 50 flows through axial hole
112b to an inlet of another external element of the air conditioning system (not shown),
£.g., a condenser.

According to the hermetic type motor driven scroll compressor in accordance
with the first preferred embodiment, second axial bore 31e and passage 33, which jointly
form a single axial bore, axially extend from the front terminal end of first axial bore
31b such that the longitudinal axes 0% second axial bore 31e and passage 33 are aligned
with the lorigitudinal axis of first axial bore 31b. Therefore, the refrigerant ﬁuid can
efficiently flow from the first axial bore 31b to 'the second axial bore 31le-and through
passage 33 during operation of the compressor. Accordingly, a relatively large amount
of the lubricating oil which is suspended in the refrigerant fluid in a mist state is
conducted into hollow space 63 through second axial bore.31e and passage 33. As a
result, an effective lubrication to the frictional surfaces between bushing 311 and the
elements associated with the bushing 311, such as pin member 31a and radial needle
bearing 312 is carried out during operation of the compressor.

Figure 4 illustrates a partial construction of a hermetic type motor driven scroll
COmpressor in acc_ordance with a second preferred embodiment. For purposes of
explanation only, the left.side of Figure 4 will be referred to as the forward end or front

of the compressor and the right side of Figure 4 will be referred to as the rearward end
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-8- slightly smaller than an axial distance between first annular ridge
111a and second annul ar ridge 113e. In a process of assenbling conpressor
100, stator 32b is fixedly secured to the rear open end region of
.cylindrical portion 111 and to the open end region of second cup-shaped
portion 113 by a shrinkage fit techni qué’- Accor di ng to this technique,
stator 32b is inserted into the rear open end region of cylindrical portion
111, until an outer peripheral portion of a front end surface of stator 32b
LS in contact with a side wall of first annular ridge 11la, or stator 32b
i s insert@drdantad thbeconprassend MathaninFigeedndlements similar to those shown in
Figure 1 are accorded like numerals with respect to Figure 1 and the description of
some of the identical elements is substantially omitted. Therefore, only features or
aspects related to the second preferred embodiment are described in detail below.

Referring to Figure 4, a passage 34 having an axial straight portion 34a and at
least one radial straight portion 34b is formed-through balance weight 313 and bushing
311. One end of axial straight portion 34a of passage 34 is open at a rear end surface
of balance weight 313, and faces the front open end of second axial bore 31e. The other
end of axial straight portion 34a of passage 34 terminates at a position adjacent to but
before the bottom surface of shallow depression 311a of bushing 311. The diameter of
axial straight portion 342 of passagé 34 is preferably substantially equal to the diameter
of second axial bore 31le, and the longitudinal axis of axial straight portion 34a of
passage 34 is preferably substantially aligned with the longitudinal axis of the second
axial bore 31e.” Therefore, second axial bore 31e and axial straight portion 34a of
passage 34 jointly form a single axial bore.

At least one radial straight portion 34b radially extends from the front end of
axial straight portion 34a of passage 34 and is, past axial hole 311b, open at an outer
peripheral surface of bushing 311. The diameter of radial straight portion 34b of
passage 34 is preferably designed to be substantially equal to the diameter of axial
straight portion 34a of passage 34.

According to the second preferred embodiment, substantially all of the refrigerant

fluid flowing through passage 34 is directly conducted past axial hole 311b of bushing
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cup-shaped portion 113, until an outer peripheral portion of a rear end
surface of stator 32b is in contact with a side wall- of second annul ar

ri dge 113e. In operation, refrigerant fluid flowing froman outlet of one
external element (not shown), e.g., an evaporator, is conducted into axial
hol e 113c and then flows through first axjgal bore 31b of drive shaft 31. A
portion of the refrigerant fluid in first axial bore 31b flows into first
suction chanmber section 61 through radial bores 31c, and then further flows
into second suction chanber section 62 through holes 35 of inner block 23.

The remain 0f rheqrefr] t Ld ] LIS | al b pf I.ve
shart 31 17 Cwae bR SRARN pheh ridlal e Bepfths 378 S WabloelT oo
space 63 which . js, defined by circular end plate 22a of orbiting scroll 22,
annul ar pr HjFetlh ghe g%l%%f&%?ﬁs tvgqeft WW%%@ fa 1%‘@%@9&@ PeRIith81% and d
in hollow space 63 flows to second suction chanber

between bushing 311 and pin member 31a are effectively and sufficiently lubricated by

the lubricating oil which is suspended in the refrigerant fluid in a mist state. The other
effects and operational manner of the compressor according to the second preferred
embodiment are similar to those of the first preferred embodiment so that an éxplana—
tion thereof is oﬁﬁtted.

Although this invention has been described in detail in connection with the
preferred embodiments, the description is merely for example purposes.only and the
scope of the present invention is not restricted thereto. It will be understood by those
of ordinary skill in the art that other variations and modifications can be easily made

within the scope of this invention as defined by the appended claims.
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section 62 past the internal gaps of radial needle bearing 312, and the
gaps created between radi al needl e bearing 312 and annul ar projection 22c
and- bet ween radi al needl e bearing 312 and bushing 311. Therefore, the
internal frictional surfaces between 9 radial needle bear|n§”312 and
annul ar projection 22c and_the frictiondl ~surfaces bet

‘beari ng 312 and bushing 311 are lubricated by, for exammluﬂ !m”{ﬁﬂm!
suspended in the refrigerant fluid in a m st state. The * emal pde¥

_refriger @tAIMBi d i n hol |l ow space 63 flows into second suction chanber
section 62 past the small air

L In a hermetic motor driven scroll apparatus comprising a housing having

a fluid inlet port and a fluid outlet port;

a compression mechanism disposed within said housing, said compression
mechanism including a fixed scroll fixedly disposed within said housiﬁg and having a first
end plate from which a first spiral element extends and an orbiting scroll having a
second end plate from which a sécond spiral element extends, said first and second
spiral elements interfitting at an angular and radial offset to make a plurality of line
contacts to define at least one pair of sealed off fluid pockets;

a drive mechanism disposed within said housing, said drive mechanism
comprising a drive shaft having a first axial end and a.second axial end opposite to said
first axial end, the second axial end of said drive shaft positioned adjacent to said fluid
inlet port, said drive shaft rotatably supported by said housing, said_ drive mechanism
further comprising a crank pin eccentrically extending from said first axial end of said
drive shaft and a bushing having an axial hole into which said crank pin is rotatably re-
ceived, said bushing operatively connecting said crank pin to said orbiting scroll, said
orbiting scroll being moved by said bushing in orbital motion, said drive mechanism still
further comprising a motor rotating said drive shaft;

rotation preventing means for preventing the rotatioﬁ of said orbiting scroll
during orbital motion thereof;

said drive shaft including a first axial bore formed therethrough, a first end of

said first axial bore terminating at the first axial end of said drive shaft, a second end
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" gaps created between snap ring 314 and bushing 311, between pin_nenber 3la
and bushing 311, between bushing 311 and bal ance wei ght 313, and bet ween
bal ance wei ght 313 and the front end surface of drive smlmm“u“'rwmlr
the frictional surfaces between snap ri_ng 314 and bushi I n
pi n menber 31a and bushing 311 are lubricafed by the |ubficéting "il® which
bs suspended in the refrigerant fluid in a nmst state. The refrigerant
fluid fl.ow ng through radial bores 31c and the refrigerant fluid flow ng

t hrough se®bsaidaliishRxipbbereIpgningeatne pgetomadzectintd sadtseoond heabend sdchidn
62, and then are taken past the rotation prevention nechanism 24, then into
the outer siextatafif $aid |fisstchxixd ozt incleding edidngithdimal iaxid saidddrivddsHd 0 Gurther
scrolls 21 and 22. Therefore, the internal frictional surfaces of rotation
prevent i ng ifded1ag b BadtorR :Bdla¥ Bot£LAldeMlyRY tending from the first end of safd first axial

bore and op_ening at an outer peripheral surface of said drive shaft;

said drive shaft still further including a second axial bore which inchides a
longitudinal axis and extends from the first end of said first axial bore and is open at an
axial end surface of said first axial end of said drive shaft wherein the lbngitudinal axis
of said first axial bore is substantially collinear with the longitudinal axis of said second .
axial bore;

said bushing further including a first axial ené and ;a second axial end opposite
to the first axial end and a passage formed therein, the second axial end of said bushing
facing the first axial end of said drive shaft, said passage including an axial straight
portion having a ldngitudinal axis, one end of said axial straight portion of said passage
being open at the second axial end of said bushing; wherein

the longitudinal axis of said axial straight portion of said passage is substantially
aligned w@th the longitudinal axis of said second axial bore.

2. The hermetic motor driven scroll apparatus of claim 1 wherein the
diameter of said second axial bore is smaller than the diameter of said first axial bore.

3. The hermetic motér drivep scroll apparatus of claim 1 or 2 wherein the
diameter of said second axial bore is substantially equal to the diameter of said axial
straight portion of said passage.

4. The hermetic motor driven scroll apparatus of one of claims 1 to 3 wherein
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the lubricating oil which is suspended in the refrlgerant fluid in dmist

state. The refrigerant fluid taken into the outer seal‘mmm, ets
travels centrally with decreasing vol une thereof, e.g, lmr”mmuf;
t hereof, in accordance with an orbitak notion of orbiti‘ng®sckolt 22

conpressed refrigerant fluid is then dlscharged I nto di scharge chanber 50

h f. Il
21, The R aTT ey P G e e e B LR BB R AR e Mt ol

ar ge ch | ows through axial~ hole

112b to andlbnlﬁzt of another external elenent (not shown), e.g., a
condengbyaid bushipg.

5. The hermetic motor driven scroll apparatus of one of claims 1 10 4 wherein
said axial straight portion of said passage extends from said second axial end to said first

axial end of said bushing.

. 6. The hermetic motor driven scroll apparétus 6f one of claims 1 to S wherein
the longitudinal axis of said second axial bore is aligned w:th the longitudinal axis of said
-. first axial bo;'c. -

7. The hermetic métor driven scroll apparatus of one of claims 1 to 6 whcr.eiu |
the first end of said axial straight portion of said passage terminates at a position adjacent
'to said first axial end of said bushing and where;in said passage further includes at least one

- .radial straight portion which radially extends from the first end of said axial straight
poﬁion of sa;d passage through said axial hole formed in said t;ushing and tcmﬁnalcs'
at a0 outer peripheral surface of said bushing,

8. The | hcxmetié: motor driven scroll apparatus of claim 7 wherein the
diameter of said straight portion of said passage is sa;bstantiany equal to the diameter
of said at least one radial straight portion of said passage.

9. The hermetic motor driven scroll apparatus of one of claims 1 to 8 wherein
balance weight 15 fixedly disposed on an ex_tension of said second axial end of said bushin
‘for averaging-the torque of said drive shaft during rotation thereof.

| 10.  The hermetic motor d:iveﬁ scroll apparatus of claim 9 wherein said axial

straight portion of said passage extends through said balance weight.
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Agcording to the foregoing conventional conpressor, second axial bore 31d
axially extends fromthe front termnal end of first axial bore 31b such
that the longitudinal axis of first axial bore 31b is |ocated outside the

| ongi tudi nal axis of the second axial bore 31d. Due to this arrangenent, .
the refrigerant fluid inefficiently flows fromthe first axial bore 31b to
the second axial bore 31d during operation~of the conpressor. Consequently,

a rel ati vehgragekt ROPOR! pRIVERESCROLLCAPPARAPUE | S conduct ed into holl ow
space 63 t hHAVIRGS eMPROVED 8UBRICATING. MPEHANISAUI t, the frictional

surfaces 9@%&@#‘ ¥ Hy & renents associated with the busing

311, such needl e bearing 312, are sonetines

insufficiently |ubrjc téd during operation .of the_conpressor., SUWRARY OF
THE | NVENTI O\|y Aﬂl%nlcaang mecﬂanisr% fo? a motor griven scroll apgl)ratus%as the compression

and drive mechanis-ms within a hermetically sealed housing. The drive mechanism
comprisés a drive shaft having a pin member extending from an inner end thereof and
a motor for rotating the drive shaft. Thc pin member is operatively connected to an
orbiting scroll of the compression mechanism through a bushing. The drive shaft
includes a first axial bore extending from an open end adjacent a fluid inlet port and
terminating adjacent the inner qnd of the drive shaft. Radial bores are provided at the
terminal end of the first axial bore. A second axial bore extends from the terminal end
of the drive shaft. The longitudinal axis of the first axial bore is substéntially aligned
with the second axial bore. The bushing includes a passage extending substantially
straight therethrough and substantially aligned with the open end of the second axial
bore. In another embodiment? the bushing further includes a radial straight pottion
radially extending from a terminal end of the axial straight portion and is 6pen at an

outer peripheral surface of the bushing.

Figure 2
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Accordingly, it is an object of the preferred enbodi ments to provide a
hernetic notor driven scroll apparatus in which the frictional surfaces of
the internal conponent parts associated with the drive mechani smare

In order to achi eve-the above-and

effectively and sufficiently |ubricated.
other objects of the preferred enbodi nents, there is proE_L, d a hernetic

d
not or driven scroll apparatus conprising a housing havin ‘g tHasB aced
port and a fluid outlet port. A conpression nechanismis ji um, Ir
t'he housing. The conpression nechanismincludes a fixed s
di sposed within the housing and an orbitits scroll. The fixed scroll

el enment extends and

I ncludes a first end plate fromwhich a first spiral
the orbiting scroll includes a second end plate fromwhich a second spiral

el ement extends. The first and second spiral elements interfit at
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an angul ar and radial offset to make a plurality of line contacts to define
at least one pair of sealed off fluid pockets. A drive nmechanismis al'so

di sposed within the housing. The drive mechani sm conpfThis 8isetHa6Bbsi Reiftad t
having a first axial end and a second axi al end opposit axi a
efid. The second axial end of the drive shaft is adjace Hugl]ﬂmmi I nl et
port. The drive shaft is rotatably supddrted by the housjug

bearings. The drive mechani smfurther conprises a crank pin eccentrically
end of the drive shaft and a bushing having .

extending fromthe firstax| 3
nk pin irotatably received. The bushing

an axial hole into whaich th £
operatively connects“Y Fankrpin to the orbi gng scroll.
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notion by the bushing. The

The orbiting scroll is caused to nove in orbital
drive nmechanismstill further conprises a notor rotating the drive shaft.
includes a rotor fixedly disposed about the drive shaft and a

The notor i
stator fixedly secured to an interior surface of the housing so as to
air gap. Arotation preventing device is

surround the rotor wth a radial

provi ded within the housing between thgygonpressi on nechani smand the drive

mechani sm for preventing the rotation of the orbiting scroll during its
bore forned

orbital notion. The drive shaft h@cludes a first axial

theret hrough. A second end of thg first axial bore is open at the second
first end of the first-axial bore

axial end of the drive shaft Th
term nates at a positi rive
shaft. The first axi al e A nefju #,1 ong I na 'S~ rive shaft
further includesrs R,
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at™ | east one radial bore which radially extends fromthe first end of the
peripheral surface of the drive

first axial bore and is open at an outer
shaft. ~ The drive shaft still further includes a second axial bore which
' and extends fromthe first end of the first

i ncl udes a | ongi tudi nal -axis,
. axial bore and is open at an axial end surface of the first axial end of
the drive shaft. The | ongitudi nal aX| f the first axial bore is
i Iongléudlnal axis of the second axi al

substantially collinear with th
The bushing further incluges a first aX|aI end and a second axi al end

bor e.
opposite to
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the first axial end, and a passage fornmed therein. The second axigf
- the bushing faces the first axial end of the drive shaft...The. passage .
i ncludes an axi al straight portion having a |agngitudi-nal“axis:':One:end of |
the axial straight portion of the passage is ép?f-_'at_ ~the: second'.axi al - end’
of the bushing. The longitudinal axis of the axPal straight:.pors.. &ion ofay

boprats Fes
end of

i
N
i

the passage is aligned with the |ongitudinal ax¥s of.tHe; secandsaxial . bore.;

In one preferred enbodi ment, the axial straight z‘i{por-t‘.:i'fron of pdhe .passage; -
axially extends fromthe second axial ‘end to the first axial

bushi ng. I n another preferred. enbodi neht the:fiyst end-.of--the gy

: st e ] f
straight portion of the passage term nates at “apositi on--i-adj---ae"e'.mf.ﬁg-..t:h.ew
end of the bushing. The passage further includes at |east one
straight portion, which radially extends fromthe first end of the

first axial

radi al

axi al straight porREBMEBTIC MOTQR DRIVEN SCROLLAREARATS e f or ned

HAVING IMPROVED LUBRICATING MECHANISM
BACKGROUND OF THE INVENTION

Technical Field of the Invention

This invention relates to a hermetic motor driven scroll apparatus, and more
particularly to a lubricé.ting mechanism for the hefmetic motor driven scroll apparatus.
Description of the Prior Art

Hermetic motor driven scroll apparatuses are generally well-known. For
example, in Figure 4 of U.S. Patent No. 5,247,738 to Yoshii, there is shown a hermetic

type motor driven scroll compressor. Referring to Figure 1, which is substantially

identical to Figure 4 of U.S. Patent No. 5,247,738 to Yoshii, there is shown an overall -

construction of 2 hermetic type motor driven scroll COMpressor. For purposes of
explanation only, the left side of Figure 1 will be referred to as the forward end or front

of the compressor and the right side of Figure 1 wﬂl be referred to as the re;arward end

or rear of the compressor.

The hermetic type motor driven scroll compressor 100 comprises a compressor-

housing 11, which houses a compression mechanism 20. Compression mechanism 20 is
a scroll-type fluid compression mechanism. A drive mechanism 30 is also housed within
housing 11. Housing. 11 comprises cylindrical portion 111 and first and second cup-

shaped portions 112 and 113. An open end of first cup-shaped portion 112 is releasably

-and hermetically connected to a front open end of cylindrical portion 111 by a plurality

of bolts 12. An open end of second cup-shaped portion 113 is releasably and
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In the bushing and termi nates at an outer peripheral surface of the

bushi ng. These and other features and objects of the present

i nvention wll

beconme apparent when the specification is read in conjunction with the
acconpanyi ng draw ngs. -13- BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
is a longitudinal sectional view of a hernetic type notor driven scrol
conpressor according to one prior art enbodinent. Figure 2 is a

| ongi tudi nal sectional view of a hernmetic type notor driven scrol

2-

hermetically connected to a rear open end of cylindrical portion 111 by a plurality of
bolts 13.

Scroll-type fluid compression mechanism 20 comprises fixed scroll 21 having
circular end plate 21a and spiral element 21b, which rearwardly extends from circular
end plate 21a. Circular end plate 21a of fixed scroll 21 is fixedly disposed within first
cup-shaped portion 112 by a plurality of bolts 14. Compression mechanism 20 further
comprises orbiting scroll 22 having circular end plate 22a and spiral element 22b, which
forwardly extends from circular end plate 22a. Spiral element 21b of fixed scroll 21
interfits with spiral element 22b of orbiting scroll 22 with an angular and radial offset.

_ Seal.element 211 is disposed at an end surface of spiral element 21b of fixed
scroll 21, thereby sealing the mating surfaces of spiral element 21b of fixed scroll 21 and
circular end plate 22a of orbiting scroll 22. Similarly, seal element 221 is disposed at
an end surface of spiral element 22b of orbiting scroll 22, thereby sealing the mating
surfaces of spiral element 22b of orbiting scroll 22 and circular end plate 21a of fixed
scroll 21. O-ring seal element 40 is elastically disposed between an outer peripheral
surface of circular end plate 21a ofv fixed scroﬂ 21 and an imier pe:iphefal surface of
first cup-shaped portion 112 to seal the mating surfacés therebetween. Circular end
plate 21a of fixed scroll 21 partitions an inner hollow space of compressor housing 11
into discharge chamber 50 and suction chamber 60.

Circular end plate 21a of fixed scroll 21 is provided with valved discharge port
21c¢ axially formed therethrough so as to link discharge chamber 50 to a central fluid

pocket (not shown), which is defined by fixed and orbiting scrolls 21 and 22. First cup-
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~ conpressor according to a first preferred enbodinent. Figure 3 is an
" enlarged | ongi tudi nal sectional view of a portion of the hernetic type
notor driven scroll conpressor shown in Figure 2. Figure 4 is a view
simlar to Figure 3 illustrating a portion of a hernmetic type notor driven -
“scroll conpressor according to a second preferred enbodi nent. DETAI LED
DESCRI-PTI ON OF THE PREFERRED EVMBODI MENTS Figures 2 and 3 illustrate an

overall and partial construction of a hernetic type notor driven scroll
conpressor in accordance wth a first greferred enbodi nent. For purposes of -
expl anation only, the left side of Figures 2 and 3 will be referred to as
the forward end or front of the conpressor and the right side of Figures 2
and 3 will be referred to as the rearward end or rear of the conpressor.

Further, s{efipgoriéis 12 Rcylindrical projection 112a forwardly projecting from a central
region of an outer surface of a front end section thereof. Compressed refrigerant fluid
is discharged from the central fluid pocket through valved discharge port 21c¢ and into
discharge chamber 50. Discharge chamber 50 is connected to an external cooling circuit
(not shown) through axial hole 112b. Axial hole 112b, which functions as an outlet port
of cbmpressor 10, is formed through cylindrical projection 112a s;o as to be connected
to an inlet of an element (not shown), e.g., condenser of the external cooling circuit
through a pipe member (not shown).

Drive mechanism 30 comprises drive shaft 31 and motor 32 for rotating drive
shaft 31. Drive shaft 31 comprises pin member 31a, which forwardly extends from, and
is integral with, a front end surface of drive shaft 31. An axis of pin member 31a is
radially offset from an axis of drive shaft 31. Bushing 311 is rotatably disposed within
annular projection 22c¢, which axially projects from a central region of the rear end
surface of circular end plate 222 of orbiting scroll 22, through radial needle bearing 312.
Bushing 311 includes a small ylindrical projection (not shown) which is formed at a
rear end surface thereof. A longitudinal axis of the small cylindrical projection is radi-
ally offset from a longitudinal axis of bushing 311 by a predetermined distance, such as
the radius of circular orbit which is creafed during the orbital motion of orbiting scroll
22. The small cylindrical projection of bushing 311 is loosely received within a small
cylindrical depression (not shown) which is formed at the front end surface of drive shaft
31. Shallow depression 311a is formed at a front end surface of bushing 311. Balance

weight 313 is fixedly disposed on a rearward extension of bushing 311 and serves to
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. 3, elenents simlar to those shown in Figure 1 are accorded |ike nunerals
" with respect to Figure 1 and the description of sone of the identical

el enents is substantially omtted. Therefore, only features or aspects
related to the first preferred enbodi nent are described in detail bel ow.
Referring to Figures 2 and 3, a drive nechanism 30 of the hernetic type
not or driven scroll conpressor 10 includes drive shaft 31 having second

axi al bore 31e which is forned through a front end portion of drive shaft
31. One end of second axial- bore - #-

balance the torque of drive shaft 31. Pin member 31a is rotatably inserted in an axial
hole 311b of bushing 311 to operatively connect pin member 31a to circular_\ end plate
22a of orbiting scroll 22. The axis of hole 311b is radially offset from the axis of
bushing 311. Relative axial movement between pin member 31a and bushing 311 is
prevented by snap ring 314 which is fixedly mounted about a front end portion of pin
member 31a. _

Inner block 23 extends radially inwardly from, and is integral with, the front end
of cylindrical portion 111 of compressor housing 11. Rotation preventing mechanism
24 is disposed between inner block 23 and circular end plate 22a of orbiting scroll 22
so that orbiting scroll 22 only orbits during rotation of drive shaft 31. Inner block 23
comprises a central hole 23a of which the longitudinal axis is aligned with the
longitudinal axis of cylindrical portion 111. Bearing 25 is fixedly disposed witMn.cen&al
hole 23a so as to rotatably support a front end portion of drive shaft 31. Inner block
23 partitions suction chamber 60 into first suction chamber section 61 rearward of inner
block 23 and second suction chamber section 62 forward of inner block 23. A plurality
of holes 35 are axially formed through inner block 23 to link ﬁfst and second suction
chamber sections 61 and 62.- —

Second cup-shaped portion 113 comprises annular cylindrical projection 113a
forwardly projecting from a central region of an inner surface of a rear end section
thereof. The longitudinal axis of annular cylindrical projection 113a is aligned with the
longitudinal axis of second cup-shaped portion 113. Bearing 26 is fixedly disposed within

annular cylindrical projection 113a so as to rotatably support a rear end portion of drive
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. 3le is open at the front termnal end of first axial bore 31b. The ot her
end of second axial bore 3le is open at a front end surface of drive shaft

31. The dianeter of second axial bore 3le is snmaller than the dianeter of
first axial bore 31b, but the longitudinal axis of first axial bore 31b is
preferably substantially collinear with that of the second axial bore 3le.
A passage 33 is axially fornmed through bal ance wei ght 313 and bushing 311.
One end of passage 33 is open at a rear end surface of bal ance wei ght 313,
and faces the open end of second axi alS-bore 3le. The other end of passage
33 is open at a bottom surface of shall ow depression 311la of bushing 311.
Accordi ngly, passage 33 axially extends fromthe rear end surface of
bal ance weight 313 and is open at the bottom surface of shall ow depression
31la of shah3ngS&khd cipahapedinpireion 4fi3 hassagenipdisescylindrical projection 113b

rearwardly projecting from a central region of an outer surface of the rear end section

thereof. Axial hole 113c,'which functions as an inlet port of compressor 10, is formed

through cylindrical projection 113b and is connected to an outlet of another element

(not shown), e.g., an evaporator of the external cooling circuit, through a pipe member

(not shown). The longitudinal axis of axial hole 113c¢ is aligned with the longitudinal

axis of annular cylindrical projection 113a. A diameter of axial hole 113c is slightly

smaller than an inner diameter of annular cylindrical projection 113a.

First annular cut-out section 15 is formed at an inner periphery of an open end
surface of first cup-shaped portion 112 of compressor housing 11. Consequently, first
annular projection 15a is formed at an outer periphery of the open end surface of first
cup-shaped portion 112. The longitudinal axis of an inner periphery of first annular

'projection 15a is aligned with the longitudinal axis of first cup-shaped portion 112.
Second annular cut-out section 16 is formed at an outer periphery of a front open end
surface of qy!indrical portioﬁ 111 of compressor housing 11. Consequently, second
annular projection 16a is formed at an inner periphery of the front open end surface of
cylindrical portion 111. The longitudinal axis of an outer periphery of second annular
projection 16a is aligned with the longitudinal axis of cylindrical portion 111. By the
above described construction, the open end of first cup-shaped pbrtion 112 and the front

open end of cylindrical portion 111 are connected to each other by a faucet joint. - O-

ring seal element 41 is elastically disposed at a rear end surface of first annular cut-out
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preferably substantially equal to the dianeter of second axial bore 3le,
" and the longitudinal axis of passage 33 is preferably substantially aligned
with the |ongitudinal axis of second axial bore 3le. Therefore, second
axi al bore 3le and passage 33 jointly forma single axial bore. In
operation, a refrigerant fluid flowing froman outlet of one external
el enrent (not shown), e.g, an evaporator, is conducted into axial hole 113c
and then flows through first axial bore 31b of drive shaft -31. A portion of
the refrigerant fluid in first axial bgre 31b flows into first suction
chanber section 61 through at | east one radial bore 31c (in this
enbodi nent, a plurality of radial bores 31c are provided as shown in Figure
2) and then further flows to second suction chanber section 62 through

holes 35 in. inn bl ock 23. ,The remai nder of he refri geranlt5 fluid in first
axi al borssstarn, 1 gfto el ihe mating surfaces of first annu ar cut-out séction 15 and second

annular projection 16a.

Third annular cu.t-out section 17 is formed at an inner periphery of a fear open
end surface of cylindrical portion 111 of compressor housing 11. Consequently, -third
annular projection 17a is formed at an outer periphery of the rear open end surface of
cylindrical portion 111 of compressor housing 11. The longitudinal axis of an inner
periphery of third annular projection 17a is aligned with the longitudinal axis of
cylindrical portion 111. Fourth annular cut-out section 18 is formed at an outer
peripbery of an open end surface of second cup-shaped portion 113 of compressor
housing 11. Consequently, fourth annular projection 18a is formed at an inner periphery
of the open end surface of second cup-shaped portion 113. The longitudinal axis of the
outer periphery of fourth annular projection 18a is aligned with the longitudinal axis of
second cup-shaped portion 113. By the above-described construction, the open end of

second cup-shaped portion 113 and the rear open end of cylindﬁcal portion 111 are
connected to each other By a faucet joint. O-ring seal element 42 is elastically disposed
at a rear end surface of third annular cut-out section 17 to seal the mating surfaces of
third annular cut-out séction 17 and fourth axﬁula.r projection léa. |

Drive shaft 31 further comprises first axial bore 31b axially extending
therethrough. One_ end of ﬁfst axial bore 31b is. open at a rear end surface of drive
shaft 31 so as to be adjacent to a front open end of axial bore 113c. The other end of
first axial bore 31b terminates at ;1 position which is behind bearing 25. A plurality of

radial bores 31c are formed at a front terminal end of first axial bore 31b so as to link
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shaft 31 flows through second axial bore 3le and passage 33, and then flows
" into a hollow space 63 which is defined by circular end plate 22a of
orbiting scroll 22, annular projection 22c and bushing 311. A portion of
the refrigerant fluid in hollow space 63 flows to second suction chanber
section 62 past the internal gaps of radial needle bearing 312, and the
gaps created between radi al needl e bearing 312 and annul ar projection 22c
and between radi al needl e bearing 312 and bushing 311. Therefore, the
internal frictional surfaces between r&di al needl e bearing 312 and annul ar

projection 22c and the frictional surfaces between radial needle bearing
312 and bushing 311 are :

the front terminal end of first axial bore 3 ib to first suction chamber section 61. Second
axial bore 31d axially extends from the front terminal end of first axial bore;3 1b and is
open at a front end surface of pin member 31a of drive shaft 31. The diameter of
second axial bore 31d is designed to be smaller tban thg diameter of first axial bore 31b.
The longitudinal axis of second axial bore 314 is radially offset from the longitudinal
axis of first axial bore 31b.

Annular cylindrical projection 113d rearwardly projects from a peripheral region
of the outer surface of the rear end section of second cup-shaped portion 113. One
portion of annular cylindrical projection 113d is integral with one portion of cylindrical
projection 113b. An insulating base 27 having external power conductor terminals 27a
is firmly secured to a rear end of annular cylindrica.l projection 113d by a plurality of
bolts (not shown). O-ring seal element 43 is elastically disposed at a rear end surface
of annular cylindrical projecﬁon 113d so as to seal the mating surfaces of insulating base
27 and annular cylindrical projection 113d. |

Motor 32 includes annular-shaped réfor 32a fixedly surrounding an exterior
surface of drive shaft 31 and annular-shaped stator 32b surrounding rotor 32a with a
small radial air gap. Stator 32b axially extends along the rear open end region of
cylindrical portion 111 and the open end region of second cup;shaped portion 113.
Stator 32b is disposed betweén a first annular ridge 111a formed at Ian inner peripheral
surface of cylindrical portion 111 and a second annular ridge 113e formed at an inner

peripheral surface of second cup-shaped portion 113. The axial length of stator 32b is
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_lubricated by a lubricant, for exanple, a lubricating oil which is
suspended in the refrigerant fluid in a mst state. The renai nder of the
refrigerant fluid in hollow space 63 flows into second suction chanber
section 62 through the small air gaps created between snap ring 314 and
bushi ng 311, between pin nenber 3la and bushing 311, between bushing 311
and bal ance wei ght 313, and between bal ance wei ght 313 and the front end
surface of drive shaft 31. Therefore, the frictional surfaces between snap
ring 314 and bushing 311 and between pign nenber 31la and bushing 311 are
| ubricated. The refrigerant fluid flow ng through radial bores 31c and the
refrigerant fluid flow ng through second axial bore 3le and passage 33 are
merged at second suction chanber section 62, and then are taken past the

oL BT 5T 5L S M g o 8 sl
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annular ridge 113e.

In a process of assembling compressor 100, stator 32b is fixedly secured to the
rear open end region of cylindrical portion 111 and to the open end region of second
cup-shaped portion 113 by a shrinkage fit technique. According to this technique, stator
32b is inserted into the rear open end region of cylindrical portion 111, until an outer
peripheral portion of a front end surface of stator 32b is in contact with a side wall of
first annular ridge 111a, or stator 32b is inserted into the open end region of second
cup-shaped portion 113, until an outer peripheral portion of a rear end surface of stator
32b is in contact with a side wall of second annulaf ridge 113e.

In operation, refrigerant fluid flowing from an outlet of one external element (not
shown), e.g., an evaporatc;r, is conducted into axial hole 113¢c and then flows through
first axial bore 31b of drive shaft 31. A portion of the refrigerant fluid in first axial bore
31b flows into first suction chamber section 61 through radial bores 31c, and then
further flows into second suction chamber section 62 through holes 35 of inner block 23.
The remainder of the refrigerant fluid in first axial bore 31b of drive shaft 31 flows
through second axial bore 31d, and then flows int:o a hollow space 63 which is defined
by circular end plate 22a of orbiting scroll 22, annular ﬁrojection 22c and bushing 311.
A portion of the refrigerant fluid in hollow space 6_3 ﬂc;ws to second suction chamber
section 62 past the internal gaps of radial needle beariz;g 312, and the gaps created
between radial needle bearing 312 and annular projection 22c and between radial

needle bearing 312 and bushing 311. Therefore, the internal frictional surfaces between
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22. Therefore, the internal frictional surfaces of rotation preventing
" nmechanism 24 is lubricated by the lubricating oil which is suspended in the
refrigerant fluid in a mst state. The refrigerant fluid taken into the
outer sealed off fluid pockets travels centrally -16- with decreasing
vol une thereof, , wth conpression thereof, in accordance with the orbital
notion of orbiting scroll 22. The conpressed refrigerant fluid is then
di scharged i nto di scharge chanber 50 through val ved di scharge port 21c of
circular end plate 21a of fixed scrollg.21. The refrigerant fluid in
di scharge chanber 50 flows through axial hole

radial needle bearing 312 and annular projection 22¢ and the frictional surfaces between
radial needle bearing 312 and bushing 311 are lubricated by, for example, lubricating
oil suspended in the refrigerant fluid in a mist state. The remainder of the refrigerant
fluid in hollow space 63 flows into second suction chamber section 62 past the small air
gaps created between snap ring 314 and bushing 311, between pin member 31a and
bushiﬁg 311, between bushing 311 and balance weight 313, and between balance weight
313 and the front end surface of drive shaft 31. Therefore, the frictional surfaces
between snap ring 314 and bushing 311 and between pin member 31a and bushing 311
are lubricated by the lubricating oil which is suspeﬁded in the refrigerant fluid in a mist
state.

The refrigerant fluid flowing through radial bores 31c and the refrigerant fluid
flowing through second axial bore 31d are merged at second suction chamber section
62, and then are taken past the rotation prevention mechanjsm 24, then into the outer
sealed-off fluid pockets defined by the fixed and orf;iting scrolls 21 and 22. Therefore,
the internal fri_ct_iohal surfaces of rotation préventing mechanism 24 are lubricated by
the iﬁbricating oil which is suspended in the refrigerant fluid in a mist state. The
refrigerant fluid taken into the outer sealed-off fluid éockets travels centrally’ with
decreasing volume thereof, e.g., with cdmpression thereof, in accordance with an orbital
motion of orbiting scroll 22. The compressed refrigerant fluid is then discharged into
discharge chamber S0 through valved discharge port 21c of circular end plate 21a of
fixed scroll 21. The refrigerant fluid in discharge chamber 50 flows through axial hole

112b to’an inlet of another external element (not shown), e.g., a condenser.
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~112b to an inlet of another external elenent of the air conditioning system
(not shown), e.g, a condenser. According to the hernmetic type notor driven

scroll conpressor in accordance with the first preferred enbodi nent, second
axi al bore 3le and passage 33, which jointly forma single axial bore,
axially extend fromthe front termnal end of first axial bore 31b such
that the |ongitudi nal axes of second axial bore 3le and passage 33 are
aligned with the longitudinal axis of first axial bore 31b. Therefore, the
refrigerant fluid can efficiently flowlromthe first axial bore 31b to the
second axi al bore 31le and through passage 33 during operation of the
conpressor. Accordingly, arelatively |large anount of the |ubricating oil
which is suspended in the refrigerant fluid in a mst state is conducted
into holl ow spaeerding tdthe dbregoing ebnexntidnab @ompldsson nutcomb akige bdie 3A6 a

axially extends from the front terminal end of first axial bore 31b such that the

longitudinal axis of first axial bore 31b is located outside the longitudinal axis of the

second axial bore 31d. Due to this arrangement, the refrigerant fluid inefficiently flows

from the first axial bore 31b to the second axial bore 31d during operation of the

compressor. Consequently, a relatively small amount of the lubricating oil is conducted

into hollow spéce 63 through second axial bore 31d. As a result, the frictional surfaces

between bushing 311 and the elements associated with the busing 311, such as pin

member 31a and radial needle bearing 312, are sometimes insufficiently lubricated

during operation of the compressor.
SUMMARY OF THE INVENTION
Accordingly, it is an object of the preferred embodiments to provide a hermetic
motor driven scroll apparatus in which the frictional surfaces of the internal component
parts associated with the drive mechanism are effectively and sufficiently lubricated.
In order to achieve the above and other objects of the preferred embodiments,
there is provided a herfnetic motor driven scroll apparatus comprising a housing having
a fluid inlet port and a fluid outlet port. A.compressim-l mechanism is disposed within
the housing. The compression mechanism includes a fixed scroll fixedly disposed within
the housing and an orbiting scroll. The fixed scroll includes a first end plate from which
a first spiral element exteﬁds and the orbiting scroll includes a second end plate from

which a second spiral element extends. The first and second spiral elements interfit at
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result, an effective lubrication to the frictional surfaces between bushing
311 and the elenents associated with the bushing 311, such as pin nenber
3la and radi al needle bearing 312 is carried out during operation of the
conpressor. Figure 4 illustrates a partial construction of a hernetic type
notor driven scroll conpressor in accordance with a second preferred

enbodi nent. For purposes of explanation only, the left side of Figure 4
will be referred to as the forward end or front of the conpressor and the
right side of Figure 4 will be referrgd.to as the rearward end -17-

an angular and radial offset to make a plurality of line contacts to define at least one
pair of sealed off fluid pockets.

A drive mechanism is also disposed within the housing. The drive mechanism
comprises a drive shaft having a first axial end and a second axial end opposite to the
first axial end. The second axial end of the drive shaft is adjacent to the fluid inlet port.
The drive shaft is rotatably supported i)y the housing through Bearings. The drive
mechanism further comprises a crank pin eccentrically extending from the first axial end
of the drive shaft and a bushing having an axial hole into which the crank pin is
rotatably received. The bushing operatively connects the crank pin to the orbiting scroll.
The orbiting scroll is caused to move in orbital motion by the bushing.

The drive mechanism still further comprises a motor rotating the drive shaft.
The motor includes a rotor fixedly disposed about the drive shaft and a stator fixedly
secured to an interior surface of the hbusing so as to surround the rotor with a radial
air gap. A rotation preventing device is provided within the housing between the
compression mechanism and the drive mechanism for preventing the rotation of the
orbiting scroll during its orbital motion.

The drive shaft ind}ldes a first axial bore formed therethrough. A second end
of the first axial bore is open at the second axial end of the drive shaft. The first end
of the first axial bore terminates at a position adjacent to the first axial end of the drive
shaft. The first axial bore includes a longitudinal axis. The drive shéft further includes
at least one radial bore which radially extends from the first end of the first axial bore

and is open at an outer peripheral surface of the drive shaft.



or rear of the conpressor. Further, in Figure 4, elenents simlar to those
~shown in Figure 1 are accorded |ike nunerals with respect to Figure 1 and
t he description of sone of the identical elenments is substantially omtted.
Therefore, only features or aspects related to the second preferred
enbodi ment are described in detail below Referring to Figure 4, a passage
34 having an axial straight portion 34a and at | east one radial straight
portion 34b is forned through bal ance wei ght 313 and bushing 311. One end
of axial straight portion 34a of passage 34 is open at a rear end surface
of bal ance wei ght 313, and faces the front open end of second axial bore
3le. The other end of axial straight portion 34a of passage 34 term nates
at a position adjacent to but before the bottom surface of shall ow

devr 23T o0 $1iR s T o AREh el BEAE oL M et o 042
longitudinal axis, and extends from the first end of the first axial bore and is open at an
axial end surface of the first axial end of the drive shaft. The longitudinal axis of the
first axial bore is substantially collinear with the longitudinal axis of the second axial
bore. |

The bushing further includes a first axial end and a second axial end opposite to
the first axial end, and a passage formed therein. The second axial end of the bushing
faces the first axial end of the drive shaft. The passage includes an axial straight portion
having a longitudinal axis. One end of the axial straight portion of the passage is open
at the second axial end of the bushing. The longitudinal axis of the axial straight por-
tion of the passage is aligned with the longitudinal axis of the second axial bore.

In one.preferred embodiment, the axial straight portion of the passage axially
extends from the second axial end to the first axial end of the bushing.

In another preferred embodiment, the first epd of the axial straight portion of the
passage terminates at a position adjacent to the first axial end of the bushing. The
passage further includes at least one radial straight portion, which radially extends from
the first end of the axial straight portion of the passage through the axial hole formed
in the-bushing and terminates at an outer peripheral surface of the bushing.

These and other features and objects of the present invention will become

apparent when the specification is read in conjunction with the accompanying drawings.
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of second axial bore 31e, and the |ongitudinal axis of axial straight
" portion 34a of passage 34 is preferably substantially aligned with the
‘longi tudinal axis of the second axial bore 3le. Therefore, second axi al
bore 31e and axial straight portion 34a of passage 34 jointly forma single
axi al bore. At l|least one radial straight portion 34b radially extends from
the front end of axial straight portion 34a of passage 34 and is, past
axi al hole 311b, open at an outer peripheral surface of bushing 311. The

di ameter of radial straight portion 34f3.of passage 34 is preferably
designed to be substantially equal to the dianeter of axial straight
portion 34a of passage 34. According to the second preferred enbodi nent,
substantially all of the refrigerant fluid flow ng through passage 34 is

direct!y R OIECR@TTIONOH THE BRIEWENEIS bushi ng

Figure 1 is a longitudinal sectional view of a hermetic type motor driven scroll
compressor according to one prior art embodiment.

Figure 2 is a longitudinal sectional view of a hermetic type motor driven scroll
compressor according to a first preferred embodiment.

Figure 3 is an enlarged longitudinal sectiéxial view of a portion of the hermetic
type motor driven scroll compressor shown in Figure 2.

Figure 4 is a view similar to Figure 3 illustrating a portion of a hermetic type
motor driven scroll compressor according to a second preferred embodiment.
DETMLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figures 2 and 3 illustrate an overall and partial construction of a hermetic type
motor driven scroll compressor in accordance with a first preferred embodiment. For
purposes of explanation only, the left side of Figures 2 and 3 will be referred to as the
forward end or front of the compressor ami the right side of Figures 2 and 3 will be
referred to as the rearwérd end or lleax of the compressor. Further, in Figures 2 and
3, elements similar to those shown in Figure 1 are accorded like nﬁtﬁerals with respect
to Figure 1 and the description of some of the identical elements is Substantially
omitted. Therefore, only features or aspects related to the first preferred embodiment
are described in detail below.

Referring to Figures 2 and 3, a drive meéhanism 30 of the hermetic type motor '
driven scroll compressor 10 includes drive shaft 31 having second axial bore 31e which

is formed tﬁrough a front end portion of drive shaft 31. One end of second axial bore
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~-18- 311 and into the gap created between radial needle bearing 312 and
bushing 311. As a result, the frictional surfaces between bushing 311 and
radi al needl e bearing 312 and between bushing 311 and pin nenber 3la are
effectively and sufficiently lubricated by the lubricating oil which is
suspended in the refrigerant fluid in a mst state. The other effects and
operational manner of the conpressor according to the second preferred

enbodi ment are simlar to those of the first preferred enbodi nent so that
an explana- tion thereof is omtted. '-14-

31e is open at the front terminal end of first axial bore 31b. The other end of second
axial bore 31e is open at a front end surface of drive shaft 31. The diameter of second
axial bore 31e is smaller than the diameter of first axial bore 31b, but the longitudinal
axis of first axial bore 31b is preferably substantially collinear with that of the second
axial bore 31e. _

| A passage 33 is axially formed through balance weight 313 and bushing 311. One
end of passage 33 is open at a rear end surface of balance weight 313, and faces the
open end of second axial bore 31e. The other end of passage 33 is open at a bottom
surface of shallow depression 311a of bushing 311. Accordingly, passage 33 axially
extends from the rear end surface of balance weight 313 and is open at the bottom
surface of shallow depression 311a of bushing 311. The diameter of passage 33 is
preferably substantially equal to the diameter of second axial bore 3le, and the
longitudinal axis of passage 33 is preferably substantially aligned with the longitudinal
axis of second axial bore 31e. Therefore, secqnd axiél bore 31e and passage 33 jointly
form a single axial bore.

I.n operation, a refrigerant fluid flowing from an outlet of one external element

(not shown), e.g., an evaporator, is conducted into axial hole 113¢ and then ﬂbws
through first axial bore 31b of .drive shaft 31. A portion of the refrigerant fluid in first
axial bore 31b flows into first suction chamber section 61 through at least one radial
bore 31c (in this embodiment, a plurality of radial bores 31¢ are provided as shown in
Figure 2) and then further flows to second suction chamber section 62 through holes 35 |

in inner block 23. The remainder of the refrigerant fluid in first axial bore 31b of drive
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Al t hough this invention has been described in detail in connection with the

preferred enbodi nents, the description is nerely for exanple purposes only

~and the scope of the present invention is not restricted thereto. It wll
be understood by those of ordinary skill in the art that other variations

and nodifications can be easily made within the scope of this invention as

- defined by the appended cl ai ns. - 19 - CLAIMS 1. In a hernetic notor
driven scroll apparatus conprising a housing having

-15-

shaft 31 flows through second axial bore 31le and passage 33, and then flows into a
hollow space 63 which is defined by circular end plate 22a of orbiting scroll 22, annular
projection 22¢ and bushing 311. A portion of the refrigerant fluid in hollow space 63
flows to second suction chamber section 62 past the internal gaps of radial needle
bearing 312, and the gaps created between radial needle bearing 312 and annular
projection 22¢ and between radial needle bearing 312 and bushing 311. Therefore, the
internal frictional surfaces between radial needle bearing 312 and annular projectipn 22¢
and the frictional surfaces between radial needle bearing 312 and bushing 311 are
lubricated by a lubricant, for example, a lubricating oil which is suspended in the
refrigerant fluid in a mist state. The remainder of the refrigerant fluid in hollow space
63 flows into second suction chamber section 62 through the small air gaps created
between snap ring 314 and bushing 311, between pin member 31a and bushing 311,
between bushing 311 and balance weight 313, and between balance weight 313 and the
front end surface of drive shaft 31. Therefore, the frictional surfaces between snap ring
314 and bushing 311 and between pin member 31a and bushing 311 are lubricated.
The refrigerant fluid flowing through radial bores 31c and the refrigerant fluid
flowing through second axial Sore 31e and passage 33 are merged at second suction
chamber section 62, and then are taken past the rotation prevention mechanism 24, then
into the outer sealed-off fluid pockets defined by the fixed and orbiting scrolls 21 and
22, Theréfore, the internal frictional surfaces of rotation preventing mechanism 24 is
lubricated by the lubricating oil which is suspended in the refrigerant fluid in a mist

state. The refrigerant fluid taken into the outer sealed off fluid pockets travels centrally
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a fluid inlet port and a fluid outlet port; a conpression nechanism
" di sposed within said housing, said conpression nechani smincluding a fixed
scroll fixedly disposed within said housing and having a first end plate
fromwhich a first spiral elenent extends and an orbiting scroll having a
second end plate fromwhich a second spiral elenent extends, said first and
second spiral elenents interfitting at an angular and radi al offset to make
a plurality of line contacts to define at | east one pair of sealed off
fluid pockets; a drive nechani sm di spaoggd within said housing, said drive
mechani sm conprising a drive shaft having a first axial end and a second
axi al end opposite to said first axial end, the second axial end of said
drive shaft positioned adjacent to said fluid inlet port, said drive shaft

rot at abl ywihRiRerehsitg RYluER tflefeds .9 Owith bMpiéssion tHBEBE h S68ordance with the
orbital motion of orbiting scroll 22. The compressed refrigerant fluid is then discharged
into discharge chamber 50 through valved discharge port 21c of circular end plate 21a
of fixed scroll 21. The refrigerant fluid in discharge chamber 50 flows through axial hole
112b to an inlet of another external element of the air conditioning system (not shown),
£.g., a condenser.

According tc the hermetic type motor driven scroll compressor in accordance
with the first preferrgd embodiment, second axial bore 31e and paséage 33, which jointly
form a single axial bore, axially extend from the front terminal end of first axial bore
31b such that the longitudinal axes of second axial bore 31e and passage 33 are aligned
with the longitudinal axis of first axial bore 31b. Therefore, the refrigerant fluid can
efficiently flow from the first axial bore 31b to .the second axial bore 31e-and ﬁrough
passage 33 during operation of the compressér. Accordingly, a relatively large amount
of the lubricating oil which is suspended in the refrigerant fluid in a mist state is
conducted into hollow space 63 through second axial bore 31e and passage 33. As a
result, an effective lubrication to the frictional surfaces between bushing 311 and the
elements associated with the bushing 311, such as pin member 31a and radial needle
bearing 312 is carried out during operation of the compressor.

Figure 4 illustrates a partial construction of a hermetic type motor driven scroll
compressor in accordance with a second preferred embodiment. For purposes of
explanation only, the left side of Figure 4 will be referred to as the forward end or front

of the compressor and the right side of Figure 4 will be referred to as the rearward end
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further conprising a crank pin eccentrically extending fromsaid first
" axial end of said drive shaft and a bushing having an axial hole into which
said crank pin is rotatably re- ceived, said bushing operatively connecting
said crank pin to said orbiting scroll, said orbiting scroll being noved by
said bushing in orbital notion, said drive nechanismstill further
conprising a notor rotating said drive shaft; rotation preventing neans for
preventing the rotation of said orbiting scroll during orbital notion
t hereof; said drive shaft including aifirst axial bore formed therethrough,

a first end of said first axial bore termnating at the first axial end of
said drive shaft, a second end

or rear of the compressor. Further, in Figure 4, elements similar to those shown in
Figure 1 are accorded like numerals with respect to Figure 1 and the description of
some of the identical elements is substantially omitted. Therefore, only features or
aspects related to the second preferréd embodiment are described in detail below.

Referring to Figure 4, a passage 34 having an axial straight portion 34a and at
least one radial straight portion 34b is formed through balance weight 313 and bushing
311. One end of axial straight portion 34a of passage 34 is open at a rear end surface
of balance weight 313, and faces the front open end of second axial bore 31e. The other

_ end of axial straight portion 34a of passage 34 terminates at a position adjacent to but
before the bottom surface of shallow depression 311a of bushing 311. The diameter of
axial stfa.ight portion 34a of passagé 34 is preferably substantially equal to the diameter
of second axial bore 31e, and the longitudinal axis of axial straight portion 34a of
péssagc 34 is preferably substantially aligned with the longitudinal axis of the second
axial bore 3le. Therefore, second axial bore 3le and axial straight portion 34a of |
passage 34 jointly form a single axial bore.

At least one radial straight portion 34b radially ext;ends from the front end of
axial straight poftion 34a of passage 34 and is, past axial hole 311b, open at an outer
peripheral surface of bushing 311. The diameter of radial straight portion 34b of
passage 34 is preferably designed to be substantially equal to the diameter of axial
straight portion 34a of passage 34. |

According to the second preferred embodiment, substantially ali of the refrigerant

fluid flowing through passage 34 is directly conducted past axial hole 311b of bushing
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- 20 - of said first axial bore opening at a position adjacent to said
"second axial end of said drive shaft, said first axial bore including a

| ongi tudi nal axis, said drive shaft further including at |east one radial
bore radially extending fromthe first end of said first axial bore and
opening at an outer peripheral surface of said drive shaft; said drive
shaft still further including a second axial bore which includes a

| ongi tudi nal axis and extends fromthe first end of said first axial bore
and is open at an axial end surface of jgaid first axial end of said drive
shaft wherein the longitudinal axis of said first axial bore is

substantially collinear with the |ongitudinal axis of said second axi al
bor e;

311 and into the gap created between radial needle bearing 312 and bushing 311. As
a result, the frictional surfaces between bushing 311 and radial needie bearing 312 and
between bushing 311 and pin member 31a are effectively and sufficiently lubricated by
the lubricating oil which is suspended in the refrigerant fluid in a mist state. The other
effects and operational manner of the compressor according to the second preferred
embodiment are similar to those of the first prgferred embodiment so that an explana-
tion thereof is oﬁxitted.

Although this invention has been described in detail in connection with the
preferred embodiments, the description is merely for example purposes only and the
scope of the present invention is not restricted thereto. It will be understood by those
of ordinary skill in the art that other variations and modifications can be easily made

within the scope of this invention as defined by the appended claims.
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said bushing further including a first axial end and a second axial end
opposite to the first axial end and a passage fornmed therein, the second
end of said bushing facing the first axial
sai d passage including an axial
one end of said axi al

axi al

axi s,

end of said drive shaft,
straight portion having a |ongitudinal
straight portion of said passage being open at

the second axial end of said bushing; wherein the |ongitudinal axis of said

axi al straight portion of said passage is subst antially aligned with the
| ongi tudi nal axis of said second axi al i)ore : The hernetic notor
driven scroll apparatus of claim 1 Wwhtt 6i n the diameter of said second

axi al

axi al

bore is smaller than the di aneter of said first axial bore. 3.
her net i ClohIMS$ driven scroll

1. In a hermetic motor driven scroll apparatus comprising a housing having
a fluid inlet port and a fluid outlet port;

a compression mechanism disposed within said housing, said compression
mechanism including a fixed scroll fixedly disppsed within said housing and having a first
end plate from which a first spiral element extends and an orbiting scroll having a
second end plate from which a second spiral element extends, said first and second
spiral elements interfitting at an angular and radial offset to make a plurality of line
contacts to define at least one pair of sealed off fluid pockets;

a drive mechanism disposed within said housing, said drive mechaﬁism
comprising a drive shaft having a first axial end and a' second axial end opposite to said
first axial end, the second axial end of said drive shaft positioned adjacent to said fluid
inlet port, said drive shaft i‘otatably supported by said housing, said drive mechanism
further comprising a crank pin eccentrically extending from said first axial end of said
drive shaft and a bushing having an axial hole into which said crank pin is rotatably re-
ceived, said bushing operatively connecting said crank pin to said orbiting scroll, said
orbiting scroll being moved by said bushing in orbital motion, said drive mechanism still
further comprising a motor rotating said drive shaft;

rotation preventing means for preventing the rotation of said orbiting scroll
during orbital motion thereof;

said drive shaft including a first axial bore formed therethrough, a first end of

said first axial bore terminating at the first axial end of said drive shaft, a second end

The

apparatus of claiml or 2 wherein the dianeter
of said second axial bore is substantially equal to the dianeter of said

e This is the replacem'er\t sheet
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straight portion of said passage. 4. The hernetic notor driven scroll

apparatus of one of clains | to 3 wherein - 21 - said axial straight
portion of said passage is in fluid conmunication with said first axial end
of said bushing. 5. The hernetic notor driven scroll apparatus of one of

claims | to 4 wherein said axial straight portion of said passage extends
fromsaid second axial end to said first axial end of said bushing.

- 20 -

. of said first axial bore opening at a position adjacent to said second axial end of said
drive shaft, said first axial bore including 2 longitudinal axis, said drive shaft further
including at least one radial bore radially extending from the first end of said first axial
bore and opening at an outer peripheral surface of said drive shaft;

said drive shaft still further including a second axial bore which includes a
longitudinal axis and extends from the first end of said first axial bore and is open at 'an
axial end surface of said first axial end of said drive shaft wherein the 16ngimdinal axis
of said first axial bore is substantially collisiear with the longitudinal axis of said second
axial bore;

said bushing further including a first axial enc-i and é. second axial end opposite
to the first axial end and a pthége formed therein, the second axial end of said bushing
facing the first axial end of ;said drive shaft, said passage including an axial straighf
portion having a longitudinal axis, one end of said axial straight portion of said passage
being open at the second axial end of said bushing; wherein

the longitudinal axis of said axial straight portion of said passage is substantially
aligned with the longitudinal axis of said second axial bore.

2 The hermetic motor driven scroll apparatus o;f claim 1 wherein the
diameter of said second axial bore is smaller than the diameter of _said first axial bore.

3. The hermetic motor driven scroll apparatus of claim 1 or 2 wherein the
diameter of said second axial bore is substantially equal to the diameter of said axial

straight portion of said passage.

4. The hermetic motor driven scroll apparatus of one of claims 1 to 3 wherein
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6. The hernetic notor driven scroll apparatus of one of clains 1 to 5
wherein the longitudinal axis of said second axial bore is aligned with the
| ongi tudi nal axis of said first axial bore. 7. The hermetic notor driven
scrol|l apparatus of one of clains 1'to 6 wherein the first end of said

axial straight portion of said passage 2érminates at a position adjacent to,
sai d firsdajcpiiallsiRight pbrifonidl shidpaksage BReIANIREAMAnFAlish RRA SAGEirsbdalely

i ncludes at | east one radial straight portion which radially extends ?rom
the fi rstoggghmshﬁ%i_d axi al straight portion of said passage through said
axial hole forned in said bushing and term nates at an outer peripheral

f f id b LRa. 8. The h | dri . I
of claim 7 wnorei n ThELPaie ool dfvaRiRilanpaltlit sl ol Sinar! €4 Wi Gge i <

substantial ly _eqsual, to the

[ ter
said axial straight portion oq sgig%assagc extends from said second axial end to said first
axial end of s2id bushing.
. 6. The hermetic motor driven scroll appar:itus of one of claims 1 to S wherein

_the longitudinal axis of said second axial bore is aligned with the longitudinal axis of said
.. first axial bo.rc. |
7. The hermetic n_x;)tor ddven s;:roll apparatus of one of claims 1t0 6 whcx_'cin .
the first end of said axial straight portion of said passage terminates at a position adjacent
to said first axial end of said bushing and wherein said passage further includes at Jeast one
. radial straight portion which radially extends from the first end of said axial straight
portion of sai-d passage through said axial hole formed in said Sushing and tcrmina’.tcs‘
at an outer peripheral surface of said bushing,

8. The .hcnneticl: motor driven scroll apparatus of claim 7 wherein the
diameter of said straight portion of said passage is St;bstanﬁaﬂy equal to the diameter
of said at least one radial straight portion of said passage. |

9. The hermetic motor driven scroll apparatus of one of claims 1 to 8 wherein
balance weight-x:s f:t_xedly diséoscd on an expension of said second axial end of said bushin

‘for averaging-the torque of said drive shaft during rotation thereof.

10.  The hermetic motor driven scroll apparatus of claim 9 wherein said axial

straight portidn of said passage extends through said balance weight.
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of said at |east one radial straight portion of said passage. 9. The
" hernmetic notor driven scroll apparatus of one of clains 1 to 8 wherein
bal ance weight is fixedly disposed on an extension of said second axial end
of said bushin for averaging the torque of said drive shaft during rotation
t hereof . 10. The hernetic notor driven scroll apparatus of claim9
wherein said axial straight portion of said passage extends through said

bal ance wei ght
- 22 -
HERMETIC MOTOR DRIVEN SCROLL APPARATUS
HAVING IMPROVED LUBRICATING MECHANISM
ABSTRACT OF THE DISCLOSURE

A lubricating mechanism for a motor driven scroll apparatus has the compression
and drive mechanisﬁls within a hermetically sealed housing. The drive mechanism
compriées a drive shaft having a pin member extending from an inner end thereof and
a motor for rotating the drive shaft. The pin member is operatively connected to an
orbiting scroll of the compression mechanism through a bushing. The drive shaft
includes a first axial bore extending from an open end adjacent a fluid inlet port and
terminating adjacent fhe inner end of the drive shaft. Radial bores are provided at the
terminal end of the first axial bore. A second axial bore extends from the terminal end
of the drive shaft. The longitudinal axis of the first axial bore is substantially aligned
with the second axial bore. The bushing includes a passage extending substantially
straight therethrough and substantially aligned with the open end of the second axial
bore. In another embodiment, the bushing further includes a radial straight portion
radially extending from a terminal end of the axial straight portion and is open at an

outer peripheral surface of the bushing.

Figure 2
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