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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 referred to as the forward end or front
of the compressor and the right side of Figure 1 will be refen'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 mechanism 20 is
a scroll-type fluid C(')mpr_essiOI;.'mechanisr.n.‘ A dr_iye_ mechanism 30 is also housed within
housing 11. Housin"g 11 cempfises':.g;/iindrfEal portion 111 and first and second cup-
shaped portlons 112 and 113. An open end of first cup-shaped portion 112 is releasably
and hermetlcally connected toa front open end of cyhndncal portion 111 by a plurahty

of bolts 12. An open end of second cup-shaped portion 113 is releasably and

This Sheet Has Been Replaced




“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 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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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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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 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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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 s_.ection 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 oﬁter periphery of a front open end
surface of ?ylindrical 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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section 15 to seal the mating surfaces of first annular cut-out section 15 and second
annular projection 16a.

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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. the front terminal end of first axial bore 31b to first suction chamber.section 61. Second

; 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 shaft 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 ﬂx:adly 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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slightly smaller than an axial distance between first annular ridge 111a and second
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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rﬁdial needle bearing 312 and annular projection 22¢ and the frictional surfaces between
radial needle.bearing 312 and bushing 311 are [ubricated 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 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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According to the foregoing 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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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 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 axial 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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The drive shaft still further includes 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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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a longitudinal sectional view of a hermetic type motor.dr;iven 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 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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31e is open at the front termiﬁal 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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shaft 31 flows through second axial bore 31e 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 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

This Sheet Has Been Re epla

L i



-16-

with decreasing volume thereof, e.g., with compression thereof, in accordance 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 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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or rear of the compressor. Further, in Figure 4,'elemen§s 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. Thefcfore, 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
ieast 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 éhallow depression 311a of bushing 311. The diameter of

axial str.aight portion 34a 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. ’fhe 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

Sheet Has Been Replaced

T II




@

-18-

311 a-nd into the gap created between radial needle bearing 312 and bushing 311. As
a result, the frictional surfaces between bushing 311 and radial needle 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 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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CLAIMS

L In a hermetic motor driven scroll appaiatus 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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" 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 longitudinal axis, said drive shaft furthér
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 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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said axial straight portion of said passage is in fluid communication with said first axial eng

of said bushing.

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 ﬁ;'st
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 wherein |
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 is fjxxcdly disposed on an extension 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 portion of said passage extends through said balance weight.
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