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(54) Method of adjusting the clearance in a rotary machine

(57) A method of adjusting a rotary machine in-
cludes the steps of press-fitting an adjustable member
to one of a housing and a rotary body where the adjust-
able member is arranged to a reference position at
which movable amount of a rotary body is zero, and ad-
justing the movable amount of the rotary body in a di-

rection of a rotary axis to the predetermined amount by
varying a position of the adjustable member that is
press-fitted to the one of the housing and the rotary body
from the reference position by the predetermined
amount in a direction in which the movement restricting
part and the contacting part contacting with each other
are separated from each other.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a rotary ma-
chine, such as a refrigerating compressor for use in a
vehicle air conditioning apparatus, and more particular-
ly, to a method of adjusting movable amount in a direc-
tion of a rotary axis of a rotary body for use in the rotary
machine to a predetermined amount.
[0002] Japanese Unexamined Patent Publication No.
2001-263228 as a referenced publication discloses a
piston-type refrigerating compressor for use in a vehicle
air conditioning apparatus. (See pages 7 to 10 of the
referenced publication and FIGS. 1 to 3 of the refer-
enced publication.) In FIGS. 7A and 7B, a left side of
each drawing is a front side and a right side thereof is a
rear side. Referring to FIG. 7A, a rotary shaft 81 is ro-
tatably supported in a housing 80 of the refrigerating
compressor and is slidable along the direction of a rotary
axis L thereof. In the housing 80, a compression mech-
anism is accommodated and includes a lug plate 82, a
swash plate 83 and a piston 84. An engine, which serves
as a drive source for use in a vehicle, drives the rotary
shaft 81 and thereby the lug plate 82 and the swash
plate 83 are rotated together with the rotary shaft 81.
Therefore, a piston 84 is reciprocated in a cylinder bore
85 and thereby refrigerant gas is compressed. In the
housing 80, a sealing member 98, which is placed on a
side of the rotary shaft 81 that protrudes outside the
housing 80, thereby prevents refrigerant from leaking
along the rotary shaft 81 outside the housing 80.
[0003] The refrigerating compressor includes means
for restricting movable amount of the rotary shaft 81 in
the direction of the rotary axis L to a predetermined
amount that is extremely short, such as a length of 0.1
mm. The means is hereinafter referred to movement re-
stricting means. Also, the movable amount is hereinafter
referred to a thrust clearance. Specifically, frontward
sliding movement of the rotary shaft 81 in the direction
of the rotary axis L is restricted in a state that the lug
plate 82 that is integrated with the rotary shaft 81 con-
tacts with an inner wall surface 87 of the housing 80
through a thrust bearing 86. On the other hand, rearward
sliding movement of the rotary shaft 81 in the direction
of the rotary axis L is restricted when an outer circum-
ferential portion 88a of a rear end surface 88 of the rotary
shaft 81 contacts with a front end surface 90 of an ad-
justable member 89 that is fixedly press-fitted into the
housing 80.
[0004] Thus, when the thrust clearance of the rotary
shaft 81 is adjusted to the predetermined amount ex-
tremely short, sealing defect of the sealing member 98
caused by sliding movement of the rotary shaft 81 is pre-
vented.
[0005] As shown in FIG. 7B, in the prior art, when the
adjustable member 89 is press-fitted into the housing
80, and when the thrust clearance of the rotary shaft 81

is adjusted to a predetermined amount X1, a jig 92 that
is exclusive for press fit is used.
[0006] Specifically, the jig 92 includes a body 93 that
has cylindrical shape and a clearance adjusting part 94
for adjusting a clearance. The clearance adjusting part
94 extends from the front end surface of the body 93.
The diameter of the clearance adjusting part 94 is small-
er than that of the body 93. In the front end surface of
the body 93, a part of the front end surface of the body
93 that forms a step by the body 93 and the clearance
adjusting part 94 is a pressing portion 95. In the jig 92,
the length of the clearance adjusting part 94, that is, the
distance in the direction of the rotary axis L between the
pressing portion 95 and the front end surface of the
clearance adjusting part 94, is set to be equal to the sum
of thickness Y of the adjustable member 89 and the pre-
determined amount X1 of the thrust clearance of the ro-
tary shaft 81.
[0007] A through hole 96 extends through the adjust-
able member 89 in the direction of the rotary axis L.
When the jig 92 is used, the clearance adjusting part 94
is inserted from the rear side of the through hole 96. In
this state, the pressing portion 95 is pressed against the
rear end surface 97 of the adjustable member 89. There-
by, the adjustable member 89 is pressed toward the ro-
tary shaft 81 and the front end surface of the clearance
adjusting part 94 is pressed to a middle portion 88b of
the rear end surface 88 of the rotary shaft 81.
[0008] Therefore, the rotary shaft 81 is frontward
pressed in the direction of the rotary axis L, and the front-
ward sliding movement in the direction of the rotary axis
L of the rotary shaft 81 is restricted in the state that the
lug plate 82 contacts with the inner wall surface 87 of
the housing 80 through the thrust bearing 86. In this
state, the clearance adjusting part 94 of the jig 92 pro-
trudes from the front end surface 90 of the adjustable
member 89 by the predetermined amount X1 toward the
rotary shaft 81. Therefore, the distance between the rear
end surface 88 of the rotary shaft 81 and the front end
surface 90 of the adjustable member 89, that is, the
thrust clearance of the rotary shaft 81, is set to the pre-
determined amount X1.
[0009] In the method of adjusting the thrust clearance
of the rotary shaft 81 according to the aforementioned
prior art, however, the clearance adjusting part 94 of the
jig 92 is contacted with the middle portion 88b of the rear
end surface 88 of the rotary shaft 81. That is, the clear-
ance adjusting part 94 of the jig 92 is contacted with the
middle portion 88b of the rear end surface 88 different
from the outer circumferential portion 88a of the rear end
surface 88, which contacts with the adjustable member
89. Therefore, manufacturing quality of the rear end sur-
face 88 of the rotary shaft 81, that is, manufacturing
quality of the outer circumferential portion 88a and the
middle portion 88b, affects the thrust clearance of the
rotary shaft 81. Thereby, the thrust clearance of the ro-
tary shaft 81 is not set in high accuracy.
[0010] Namely, in a state of FIG. 7B, even if the dis-
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tance between the middle portion 88b of the rear end
surface 88 and the front end surface 90 of the adjustable
member 89 is set to the predetermined amount X1, the
distance between the outer circumferential portion 88a
that is an actual contacting portion and the front end sur-
face 90 is deviated from the predetermined amount X1
owing to the manufacturing quality of the rear end sur-
face 88.
[0011] Also, in the method of adjusting the thrust
clearance of the rotary shaft 81 according to the afore-
mentioned prior art, the pressing portion 95 of the jig 92
is contacted with the rear end surface 97 of the adjust-
able member 89. In addition, the clearance adjusting
part 94 of the jig 92 is inserted into the adjustable mem-
ber 89 and is contacted with the rear end surface 88 of
the rotary shaft 81. Therefore, manufacturing quality of
the adjustable member 89 also affects the thrust clear-
ance of the rotary shaft 81. Especially, the manufactur-
ing quality of the thickness of the adjustable member 89
affects the thrust clearance of the rotary shaft 81.

SUMMARY OF THE INVENTION

[0012] The present invention is directed to a method
of adjusting a rotary machine which accurately sets
movable amount of a rotary body.
[0013] The present invention has the following first
feature. A rotary machine includes a housing, a rotary
body, movement restricting means and an adjustable
member. The rotary body is rotatably supported in the
housing and has a rotary axis for rotation. The move-
ment restricting means restricts movable amount of the
rotary body in a direction of the rotary axis to a prede-
termined amount when the movement restricting means
contacts with the rotary body. The movement restricting
means also restricts one-side sliding movement of the
rotary body in the direction of the rotary axis when a
movement restricting part and a contacting part contact
with each other. One of the movement restricting part
and the contacting part is provided by the adjustable
member that is fixedly press-fitted to one of the housing
and the rotary body in the direction of the rotary axis. A
method of adjusting the rotary machine includes the
steps of press-fitting the adjustable member to one of
the housing and the rotary body where the adjustable
member is arranged, to a reference position at which
movable amount of the rotary body is zero, and adjust-
ing the movable amount of the rotary body in the direc-
tion of the rotary axis to the predetermined amount by
varying a position of the adjustable member that is
press-fitted to the one of the housing and the rotary body
from the reference position by the predetermined
amount in a direction in which the movement restricting
part and the contacting part contacting with each other
are separated from each other.
[0014] The present invention has the following sec-
ond feature. A piston type compressor includes a hous-
ing, a piston, a rotary shaft, a passage, a rotary valve,

a compression mechanism and movement restricting
means. The housing defines a cylinder bore, a suction
pressure region and a valve accommodation chamber
that has an inner circumferential surface. The piston is
accommodated in the cylinder bore. The rotary shaft is
rotatably supported in the housing. The rotary shaft is
connected to the piston in such a manner that the rota-
tion of the rotary shaft is converted into reciprocation of
the piston. The rotary shaft has a rotary axis for rotation
and an end. The passage is formed between the cylin-
der bore and the suction pressure region. The rotary
valve is rotatably accommodated in the valve accommo-
dation chamber. The rotary valve is fixedly press-fitted
to the end of the rotary shaft to form a rotary body. The
rotary valve opens and closes the passage in accord-
ance with synchronous rotation of the rotary shaft. The
rotary valve has an outer circumferential surface. The
outer circumferential surface of the rotary valve and the
inner circumferential surface of the valve accommoda-
tion chamber constitute a slide-bearing surface. The
end of the rotary shaft is rotatably supported in the hous-
ing through the rotary valve. The compression mecha-
nism is accommodated in the housing for compressing
refrigerant gas based on the reciprocation of the piston.
The movement restricting means restricts movable
amount of the rotary body to a predetermined amount
in a direction of the rotary axis when the movement re-
stricting means contacts with the rotary body. One-side
sliding movement of the rotary body in the direction of
the rotary axis is restricted when a movement restricting
part and a contacting part contact with each other. One
of the movement restricting part and the contacting part
is provided by an adjustable member that is fixedly
press-fitted to one of the housing and the rotary body in
the direction of the rotary axis.
[0015] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, il-
lustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The features of the present invention that are
believed to be novel are set forth with particularity in the
appended claims. The invention, together with objects
and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

FIG. 1 is a longitudinal sectional view illustrating a
variable displacement piton type compressor that is
applied to a first preferred embodiment of the
present invention;

FIGS. 2A, 2B and 2C are views illustrating a proce-
dure for adjusting the variable displacement piton
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type compressor according to the first preferred em-
bodiment of the present invention;

FIG. 3 is a partially enlarged sectional view illustrat-
ing a variable displacement piton type compressor
that is applied to a second preferred embodiment
of the present invention;

FIGS. 4A and 4B are views illustrating a procedure
for adjusting the variable displacement piton type
compressor according to the second preferred em-
bodiment of the present invention;

FIG. 5 is a partially enlarged sectional view illustrat-
ing a variable displacement piton type compressor
that is applied to a third preferred embodiment of
the present invention;

FIGS. 6A and 6B are views illustrating a procedure
for adjusting the variable displacement piton type
compressor according to the third preferred embod-
iment of the present invention;

FIG. 7A is a longitudinal sectional view illustrating
a prior art piton-type compressor; and

FIG. 7B is a partially enlarged longitudinal sectional
view illustrating the prior art piton-type compressor
of FIG. 7A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] A method of adjusting a rotary machine ac-
cording to a first preferred embodiment of the present
invention will now be described with reference to FIGS.
1 and 2A through 2C. In the first embodiment, a variable
displacement piston type compressor for use in a vehi-
cle air conditioning apparatus is adopted as the rotary
machine. In each of FIGS. 1 through 2C, a left side of
the drawing is a front side and a right side thereof is a
rear side.
[0018] As shown in FIG. 1, a variable displacement
piston type compressor (hereinafter the compressor) in-
cludes a front housing 12, a cylinder block 11 and a rear
housing 14. The rear end of the front housing 12 is fix-
edly joined to the front end of the cylinder block 11. The
rear end of the cylinder block 11 is fixedly joined to the
front end of the rear housing 14 through a valve plate
assembly 13. The front housing 12, the cylinder block
11 and the rear housing 14 are made of metallic material
of aluminum series and are fixedly bolted by a plurality
of through bolts 20 to form a compressor housing 10. In
FIG. 1, only one through bolt 20 is illustrated.
[0019] Each of the front housing 12, the cylinder block
11 and the rear housing 14 is a housing component for
constituting the compressor housing 10. Specifically,
the cylinder block 11 and the rear housing 14 are re-

spectively considered as a first housing component and
a second housing component.
[0020] The front housing 1.2 and the cylinder block 11
define a crank chamber 15. In the crank chamber 15, a
rotary shaft 16 serves as a rotary body and is made of
metallic material of iron series. The rotary shaft 16 is
connected to an engine Eg, which is a driving source for
running a vehicle, through a power transmission mech-
anism PT for operation. The rotary shaft 16 receives
power of the engine Eg and is thereby rotated. The driv-
ing source is an external drive source. The front end of
the rotary shaft 16 is rotatably supported by a radial
bearing 18 in the front housing 12. The radial bearing
18 is a roller bearing. A shaft seal 19 is interposed be-
tween the front housing 12 and the rotary shaft 16.
[0021] A lug plate 21 is fixed to the rotary shaft 16 so
as to integrally rotate with the rotary shaft 16 in the crank
chamber 15. A thrust bearing 17 is interposed between
the lug plate 21 and an inner wall surface 12a of the front
housing 12.
[0022] In the crank chamber 15, a swash plate 23 that
serves as a cam plate is accommodated. The swash
plate 23 is supported by the rotary shaft 16 so as to slide
along a rotary axis L of the rotary shaft 16. The swash
plate 23 inclines at an inclination angle, which is varia-
ble, with a plane perpendicular to the rotary axis L of the
rotary shaft 16. Also, a hinge mechanism 24 is inter-
posed between the lug plate 21 and the swash plate 23.
Thus, since the swash plate 23 is connected to the lug
plate 21 through the hinge mechanism 24 and is sup-
ported by the rotary shaft 16, the swash plate 23 is syn-
chronously rotated with the lug plate 21 and the rotary
shaft 16. In addition, the swash plate 23 is inclinable rel-
ative to the plane perpendicular to the rotary axis L of
the rotary shaft 16, while being capable of sliding along
the rotary axis L of the rotary shaft 16.
[0023] A plurality of cylinder bores 11a is formed
through the cylinder block 11 so as to surround a rear
side of the rotary shaft 16. In FIG. 1, only one cylinder
bore 11a is illustrated. A single-head piston 25 (herein-
after the piston 25) is accommodated in each cylinder
bore 11a for reciprocation. A front opening of each cyl-
inder bore 11a is blocked by the corresponding piston
25 while a rear opening thereof is blocked by the valve
plate assembly 13. Thus, a compression chamber 26 is
defined in each cylinder bore 11 a and volume of the
compression chamber 26 is varied in accordance with
the reciprocation of the piston 25. Each piston 25 is en-
gaged with a periphery of the swash plate 23 through a
pair of shoes 27. Therefore, the rotation of the swash
plate 23, which is accompanied by the rotation of the
rotary shaft 16, is converted to the reciprocation of each
piston 25 through the corresponding shoes 27.
[0024] In the rear housing 14, a suction chamber 28
and a discharge chamber 29 are defined. The suction
chamber 28 and the discharge chamber 29 respectively
serve as a suction pressure region and a discharge
pressure region. The suction chamber 28 is formed in
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the middle of the rear housing 14 and the discharge
chamber 29 is formed so as to surround the periphery
of the suction chamber 28. Each compression chamber
26 and the discharge chamber 29 are in communication
via a discharge port 32 that extends through the valve
plate assembly 13. A discharge valve 33 that is included
in the valve plate assembly 13 opens and closes each
discharge port 32. The discharge valve 33 is a reed
valve. In the cylinder block 11, a suction valve system
mechanism 35 is placed and includes a rotary valve 41.
[0025] While each piston 25 moves from a top dead
center to a bottom dead center, refrigerant gas in the
suction chamber 28 is drawn into the corresponding
compression chamber 26 through the suction valve sys-
tem mechanism 35. The movement of the piston 25 is
a suction stroke. On the other hand, while each piston
25 moves from the bottom dead center to the top dead
center, the refrigerant gas that is drawn into the corre-
sponding compression chamber 26 is compressed to a
predetermined pressure level and is discharged to the
discharge chamber 29 through the corresponding dis-
charge port 32 pushing the corresponding discharge
valve 33 away. The movement of the piston 25 is a dis-
charge stroke.
[0026] In the middle of the cylinder block 11, a valve
accommodation chamber 42 that has cylindrical shape
is formed and is surrounded by the cylinder bores 11a.
The valve accommodation chamber 42 communicates
with the suction chamber 28 on the rear side thereof. In
the cylinder block 11, a plurality of suction communica-
tion passages 43 is formed. The valve accommodation
chamber 42 and each compression chamber 26 are in
communication via the corresponding suction commu-
nication passage 43. In FIG. 1, only one suction com-
munication passage 43 is illustrated.
[0027] In the valve accommodation chamber 42, a ro-
tary valve 41 is rotatably accommodated. The rotary
valve 41 is made of metallic material of aluminum series
and substantially has a cylindrical shape. The rear end
surface of the rotary valve 41 protrudes from the valve
accommodation chamber 42, that is, the cylinder block
11, into the suction chamber 28. That is, the rear end
surface of the rotary valve 41 is placed in the suction
chamber 28.
[0028] The rear end of the rotary shaft 16 is placed in
the valve accommodation chamber 42. In the rear end
of the rotary shaft 16, a recess 16a is formed and the
rotary valve 41 is fixedly press-fitted to the recess 16a.
Thus, the rotary valve 41 and the rotary shaft 16 are in-
tegrated with each other to form a single rotary axis, that
is, the rotary axis L. The rotary valve 41 is synchronously
rotated with the rotation of the rotary shaft 16. That is,
the rotary valve 41 is synchronously rotated with the re-
ciprocation of the piston 25.
[0029] An outer circumferential surface 41 a of the ro-
tary valve 41 and an inner circumferential surface 42a
of the rotary valve accommodation chamber 42 consti-
tute a slide-bearing surface in order to rotatably support

the rotary valve 41 in the valve accommodation cham-
ber 42. Namely, the rear end of the rotary shaft 16 is
rotatably supported in the cylinder block 11 through the
rotary valve 41.
[0030] In the rotary valve 41, an internal space 44 ex-
tends along the direction of the rotary axis L and com-
municates with the suction chamber 28. In the rotary
valve 41, an introduction passage 45 is formed for inter-
connecting the internal space 44 with the outer circum-
ferential surface side of the rotary valve 41. An outlet
45a of the introduction passage 45 is opened to the out-
er circumferential surface 41a of the rotary valve 41. As
the rotary valve 41 or the rotary shaft 16 rotates, the
outlet 45a of the introduction passage 45 intermittently
communicates with an inlet 43a of the suction commu-
nication passage 43 of the cylinder block 11. That is,
when the rotary valve 41 is synchronously rotated with
the rotary shaft 16, the rotary valve 41 is capable of
opening and closing refrigerant passages between the
cylinder bores 11 a and the suction chamber 28.
[0031] In the suction stroke of the cylinder bore 11a,
the outlet 45a of the introduction passage 45 communi-
cates with the inlet 43a of the suction communication
passage 43. Therefore, refrigerant in the suction cham-
ber 28 is introduced into the corresponding compression
chamber 26 of the cylinder bore 11a through the internal
space 44, the introduction passage 45 and the suction
communication passage 43 in the suction stroke.
[0032] On the other hand, in the discharge stroke of
the cylinder bore 11a, communication between the out-
let 45a of the introduction passage 45 and the inlet 43a
of the suction communication passage 43 is blocked.
Therefore, refrigerant in the compression chamber 26
is discharged to the discharge chamber 29 thorough the
corresponding discharge port 32 pushing the corre-
sponding discharge valve 33 away in the discharge
stroke.
[0033] A through hole 47 extends through the rotary
shaft 16 and communicates with the internal space 44
through a port 48 that is formed in the rotary valve 41.
The suction chamber 28 communicates with the crank
chamber 15 through the internal space 44, the port 48
and the through hole 47.
[0034] The discharge chamber 29 and the crank
chamber 15 are in communication via a pressure sup-
plying passage 49. In the pressure supplying passage
49, a displacement control valve 52 is placed. The dis-
placement control valve 52 controls an amount of refrig-
erant that flows from the discharge chamber 29 to the
crank chamber 15. Refrigerant in the crank chamber 15
flows into the suction chamber 28 through the through
hole 47, the port 48 and the internal space 44. As the
pressure in the crank chamber 15 increases, the incli-
nation angle of the swash plate 23 becomes small. In
contrast, as the pressure in the crank chamber 15 de-
creases, the inclination angle of the swash plate 23 be-
comes large. The displacement control valve 52 adjusts
the pressure in the crank chamber 15 in order to control
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the inclination angle of the swash plate 23.
[0035] In the aforementioned structure, the rotary
shaft 16, the lug plate 21, the rotary valve 41, the swash
plate 23, the shoes 27 and the pistons 25 constitute a
compression mechanism for compressing the refriger-
ant.
[0036] Now, means for restricting movable amount of
the rotary shaft 16 in the direction of the rotary axis L to
a predetermined amount will be described. The movable
amount of the rotary shaft 16 is restricted when the
means contacts with the rotary shaft 16. The means is
hereinafter referred to movement restricting means.
[0037] While the compressor runs, compressive load
of the refrigerant gas that is applied to each piston 25 is
received by the inner wall surface 12a of the front hous-
ing 12 through the shoes 27, the swash plate 23, the
hinge mechanism 24, the lug plate 21 and the thrust
bearing 17. That is, frontward sliding movement of an
integral body that includes the rotary shaft 16, the lug
plate 21, the swash plate 23 and the pistons 25 due to
the compressive load in the direction of the rotary axis
L is restricted by contacting the inner wall surface 12a
of the front housing 12 through the lug plate 21 and the
thrust bearing 17. Therefore, the inner wall surface 12a
of the front housing 12 is considered as a component of
the movement restricting means.
[0038] In the suction chamber 28 of the rear housing
14, an insertion hole 50 is formed so as to have a cylin-
drical inner surface whose central axis is on the rotary
axis L. In the insertion hole 50, a cylindrical adjustable
member 51 is fixedly press-fitted. The adjustable mem-
ber 51 is made of metallic material of aluminum series
and is separately formed from the rear housing 14. In
the present embodiment, allowance of press-fitting be-
tween the rotary valve 41 and the rotary shaft 16 is set
to be larger than that between the adjustable member
51 and the insertion hole 50. Therefore, strength of
press-fitting between the rotary valve 41 and the rotary
shaft 16 is set to be larger than that between the adjust-
able member 51 and the insertion hole 50.
[0039] In the middle of the adjustable member 51, an
insertion hole 51a is formed through the adjustable
member 51 and thereby permits the refrigerant gas in
an external refrigerant circuit to be introduced into the
suction chamber 28. In the adjustable member 51, a
front end surface of the adjustable member 51 that faces
a rear end surface of the rotary valve 41 in the suction
chamber 28 serves as a movement restricting part 51b.
Also, the rear end surface of the rotary valve 41 serves
as a contacting part 41b. When the movement restrict-
ing part 51b contacts with the contacting part 41 b, rear-
ward sliding movement of the rotary shaft 16 in the di-
rection of the rotary axis L is restricted. Therefore, each
of the movement restricting part 51b and the contacting
part 41b is considered as a component of the movement
restricting means.
[0040] In a state that the frontward sliding movement
of the rotary shaft 16 is restricted by contacting the lug

plate 21 with the inner wall surface 12a through the
thrust bearing 17, a predetermined amount of clearance
that is formed between the contacting part 41b and the
movement restricting part 51b is defined as X. The pre-
determined amount X is equivalent to the movable
amount of the rotary shaft 16. The predetermined
amount X is set so as to permit the rotation of the rotary
shaft 16 in the compressor housing 10. At the same
time, the predetermined amount X is set so as to satis-
factorily suppress slippage of a position, at which the
rotary shaft 16 contacts with the shaft seal 19. The slip-
page of the position is caused by the sliding movement
of the rotary shaft 16. The predetermined amount X is
about 0.1 mm and is exaggeratedly drawn in all of the
drawings.
[0041] Now, in the aforementioned compressor, a
process of adjusting the predetermined amount X will
be described. FIGS. 2A through 2C are partially en-
larged views of the compressor. Thereby, a process of
installing the rear housing 14 on the cylinder block side
is illustrated. Note that in the aforementioned compres-
sion mechanism the rear housing 14 has already in-
stalled on the cylinder block side.
[0042] When the rear housing 14 is installed on the
cylinder block side, or the first housing component side,
the adjustable part 51 is first press-fitted into the inser-
tion hole 50 to a shallow position compared to a finished
state that the rear housing 14 is joined to the cylinder
block 11.
[0043] As shown in FIG. 2A, in a state that the front
end surface of the rear housing 14 is arranged so as to
face the rear end surface of the cylinder block 11, the
rear housing 14 and the cylinder block 11 are arranged
in such a manner that the movement restricting part 51b
of the adjustable member 51 contacts with the contact-
ing part 41 b of the rotary valve 41. Note that in FIG. 2A
the rear housing 14 does not contact with the cylinder
block 11.
[0044] In the state of FIG. 2A, the rear housing 14 is
fixedly joined to the cylinder block side by bolting the
through bolt 20, which is shown in FIG. 1, in such a man-
ner that the movement restricting part 51b of the adjust-
able member 51 is pressed against the contacting part
41b of the rotary valve 41 in the direction of the rotary
axis L. That is, bolting the through bolt 20 enables the
rear housing 14 to be pressed toward the cylinder block
11 in such a manner that the rear housing 14 contacts
with the cylinder bore 11. When the rear housing 14 is
pressed toward the cylinder block 11, the frontward slid-
ing movement of the rotary shaft 16 is restricted by the
inner wall surface 12a of the front housing 12 through
the lug plate 21. Because the contacting part 41b of the
rotary valve 41 presses against the movement restrict-
ing part 51b of the adjustable member 51, a position of
the adjustable member 51 that is press-fitted into the
insertion hole 50 in the state of FIG. 2A is rearward var-
ied by the pressing amount of the contacting part 41b.
The aforementioned means is a first process.
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[0045] Thus, as shown in FIG. 2B, in a state that the
movement restricting part 51b of the adjustable member
51 contacts with the contacting part 41b of the rotary
valve 41, the rear housing 14 is fixedly joined to the cyl-
inder block 11. That is, in the state, the position of the
adjustable member 51 that is press-fitted into the inser-
tion hole 50 is temporality set to a reference position in
such a manner that the sliding movement of the rotary
shaft 16 is restricted, namely, the movable amount of
the rotary shaft 16 becomes zero in the direction of the
rotary axis L.
[0046] In the present embodiment, the strength of
press-fitting between the rotary valve 41 and the rotary
shaft 16 is set to be larger than that between the adjust-
able member 51 and the insertion hole 50. Therefore,
in the above first process, even when pressing force
generates between the adjustable member 51 and the
rotary valve 41, a position of the rotary valve 41 that is
press-fitted into the rotary shaft 16, or a depth thereof,
is not varied, but a position of the adjustable member
51 that is press-fitted into the insertion hole 50, or a
depth thereof, is varied.
[0047] As shown in FIG. 2C, when a front end surface
16b of the rotary shaft 16 that protrudes outside the com-
pressor housing 10 is rearward pressed, the rotary shaft
16 is moved to the compressor housing 10 by the pre-
determined amount X so as to slide along the direction
of the rotary axis L. The aforementioned means is a sec-
ond process. In FIG. 2C, a position of the rotary shaft
16 of FIG. 2B is shown by two-dot chain line. Therefore,
when the contacting part 41b of the rotary valve 41
presses against the movement restricting part 51b of the
adjustable member 51, the adjustable member 51 is
press-fitted into the insertion hole 50 rearward by the
predetermined amount X. Thus, the predetermined
amount X is formed between the movement restricting
means and the rotary shaft 16. The above operation that
the rotary shaft 16 is rearward pressed is achieved by
an automatic machine including a screw feed mecha-
nism.
[0048] In the present embodiment, the following ad-
vantageous effects are obtained.

(1) In the first process, the adjustable member 51
is pressed against the rear housing 14 to the refer-
ence position at which the movable amount of the
rotary shaft 16 is zero in the direction of the rotary
axis L. That is, in a state that actual contacting por-
tions of the movement restricting means contact
with each other, the reference position of the adjust-
able member 51, or a zero-point position thereof, is
defined. Therefore, in the second process, if the po-
sition of the adjustable member 51 that is press-fit-
ted into the insertion hole 50 is varied from the ref-
erence position by the predetermined amount X in
a direction in which the movement restricting part
51b and the contacting part 41b contacting with
each other are separated from each other, the mov-

able amount of the rotary shaft 16 is accurately ad-
justed to the predetermined amount X. Namely, the
movable amount of the rotary shaft 16 is not affect-
ed by the manufacturing quality of the movement
restricting part 51b and the contacting part 41b, and
is accurately adjusted to the predetermined amount
X.

(2) In the second process, the rotary shaft 16 is
pressed against the movement restricting part 51b
by the predetermined amount X. Namely, the ad-
justable member 51 is pressed by the contacting
part 41b, and thereby the position of the adjustable
member 51 that is press-fitted into the insertion hole
50 is varied from the reference position by the pre-
determined amount X in the direction in which the
movement restricting part 51b and the contacting
part 41b contacting with each other are separated
from each other. That is, in the second process, the
adjustable member 51 is not directly pressed by a
tool for press fit, but is indirectly pressed through
the rotary shaft 16 and the rotary valve 41. There-
fore, even if the compressor is structured in such a
manner that the adjustable member 51 is placed at
a position at which it is hard to insert the tool, the
second process is easily achieved.

(3) Since the compressor receives power from the
engine Eg, a part of the rotary shaft 16 is exposed
outside from the compressor housing 10. In the sec-
ond process, when the rotary shaft 16 is pressed,
the exposed part of the rotary shaft 16, that is, the
front end surface 16b is pressed. Therefore, even
in a state that the compressor housing 10 is com-
pletely assembled, or even in a state that the ad-
justable member 51 is not exposed outside from the
compressor housing 10, the second process is
achieved. Thereby, in a state that a procedure for
assembling a prior art compressor is hardly
changed, that is, in a state that an equipment for
manufacturing the prior art compressor is hardly
changed, the position of the adjustable member 51
that is press-fitted into the insertion hole 50 is varied
from the reference position by the predetermined
amount X in the direction in which the movement
restricting part 51b and the contacting part 41b con-
tacting with each other are separated from each
other.

(4) The cylinder block 11 and the rear housing 14
are fixedly joined to each other, and thereby the ad-
justable member 51 is pressed. That is, the first
process is simultaneously achieved with the joining
process. Namely, the method of adjusting the com-
pressor according to the present embodiment does
not require an exclusive first process. Thereby, the
movable amount of the rotary shaft 16 is adjusted
at low cost.
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(5) If the movable amount is excessively adjusted
in the direction of the rotary axis L, it is afraid that
the outlet 45a of the introduction passage 45 and
the inlet 43a of the suction communication passage
43 in the suction valve system mechanism 35 are
largely deviated from each other in the direction of
the rotary axis L. Due to the case, an amount of the
refrigerant gas that is introduced from the suction
chamber 28 to each cylinder bore 11a is reduced.
Thus, the function for introducing the refrigerant gas
is hindered. Therefore, it is especially effective that
the present embodiment is applied to the suction
valve system mechanism 35 including the rotary
valve 41 and that thereby accuracy for adjusting the
movable amount of the rotary shaft 16 is improved.

(6) The outer circumferential surface 41a of the ro-
tary valve 41 and the inner circumferential surface
42a of the valve accommodation chamber 42 con-
stitute the slide-bearing surface in order to rotatably
support the rotary valve 41 in the valve accommo-
dation chamber 42. The rotary shaft 16 and the ro-
tary valve 41 constitute an integrated structure in
such a manner that the rear end of the rotary shaft
16 is rotatably supported in the compressor housing
10 through the rotary valve 41. When the integrated
structure receives radial external force from the in-
ner circumferential surface 42a of the valve accom-
modation chamber 42, the rotary valve 41 serves
as a supporting portion for supporting the radial ex-
ternal force.

[0049] Namely, in such a structure, the strength of
press-fitting between the rotary valve 41 and the rotary
shaft 16 is required to become sufficient strength
against the above-mentioned external force. Therefore,
relatively large force is needed in order to adjust the po-
sition of the rotary valve 41 that is press-fitted into the
rotary shaft 16, or the depth thereof. Thereby, it is hard
that the movable amount of the rotary shaft 16 is adjust-
ed by adjusting the position of the rotary valve 41 that
is press-fitted into the rotary shaft 16.
[0050] On the other hand, the adjustable member 51
is structured so as to receive only external force in the
direction of the rotary axis L. In other word, the strength
of press-fitting between the adjustable member 51 and
the insertion hole 50 is suppressed to a relatively small
value. In addition, compressive load that is accompa-
nied by compressing the refrigerant gas is not applied
to the adjustable member 51. Thereby, the above-men-
tioned press-fitting strength is set to be as small as pos-
sible. Therefore, the movable amount of the rotary shaft
16 is easily adjusted.
[0051] A method of adjusting a rotary machine ac-
cording to a second preferred embodiment of the
present invention will now be described with reference
to FIGS. 3, 4A and 4B. In the second embodiment, a
variable displacement piston type compressor for use

in a vehicle air conditioning apparatus is adopted as the
rotary machine. In each of FIGS. 3 through 4B, a left
side of the drawing is a front side and a right side thereof
is a rear side. Also, in the second embodiment, only dif-
ference between the second embodiment and the first
embodiment is described. The same reference numer-
als of the first embodiment are applied to the substan-
tially same components in the second embodiment, and
the overlapped description is omitted.
[0052] As shown in FIG. 3, in the present embodi-
ment, the adjustable member 51 is fixedly press-fitted
into the cylinder block 11.
[0053] Specifically, the insertion hole 50 is formed in
an extending portion 11b that extends rearward from the
rear end surface of the cylinder block 11 so as to inter-
connect the valve accommodation chamber 42 with the
suction chamber 28. The rearward sliding movement of
the rotary shaft 16 is restricted when the movement re-
stricting part 51b of the adjustable member 51 that is
fixedly press-fitted into the insertion hole 50 contacts
with the contacting part 41b.
[0054] When the adjustable member 51 is positioned
in the insertion hole 50, as shown in FIG. 4A, the adjust-
able member 51 is press-fitted into the insertion hole 50
from the rear side before the rear housing 14 is fixedly
joined to the cylinder block 11. Subsequently, the adjust-
able member 51 is frontward press-fitted into the inser-
tion hole 50, and thereby the contacting part 41b of the
rotary valve 41 is frontward pressed through the move-
ment restricting part 51b. The aforementioned means is
a first process. Thus, the position of the adjustable mem-
ber 51 that is press-fitted into the insertion hole 50 is
temporality set to a reference position in such a manner
that the sliding movement of the rotary shaft 16 is re-
stricted, namely, the movable amount of the rotary shaft
16 becomes zero in the direction of the rotary axis L.
[0055] From the state of FIG. 4A, as shown in FIG.
4B, in a similar manner to the first preferred embodi-
ment, when the front end surface 16b of the rotary shaft
16 is rearward pressed, the adjustable member 51 is
moved into the insertion hole 50 so as to slide along the
direction of the rotary axis L. Thereby, the clearance is
set to the predetermined amount X. The aforementioned
means is a second process.
[0056] In the present embodiment, the similar effects
(1), (2), (3), (5) and (6) of the first embodiment are sub-
stantially obtained.
[0057] A method of adjusting a rotary machine ac-
cording to a third preferred embodiment of the present
invention will now be described with reference to FIGS.
5, 6A and 6B. In the third embodiment, a variable dis-
placement piston type compressor for use in a vehicle
air conditioning apparatus is adopted as the rotary ma-
chine. In each of FIGS. 5 through 6B, a left side of the
drawing is a front side and a right side thereof is a rear
side. Also, in the third embodiment, only difference be-
tween the third embodiment and the first embodiment is
described. The same reference numerals of the first em-
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bodiment are applied to the substantially same compo-
nents in the third embodiment, and the overlapped de-
scription is omitted.
[0058] As shown in FIG. 5, in the present embodi-
ment, the adjustable member 51 is not fixedly press-fit-
ted to the compressor housing side, but is fixedly press-
fitted to the rotary valve 41 on the rotary shaft side.
[0059] Specifically, in a port 60 that forms the inside
space 44 of the rotary valve 41, a cylindrical adjustable
member 61 that is made of metallic material of aluminum
series and that is formed separately from the rotary
valve 41 is fixedly press-fitted. A through hole 61a is
formed in the middle portion of the adjustable member
61 so as to extend in the direction of the rotary axis L
and permits the refrigerant gas to be introduced from
the external refrigerant circuit to the suction chamber
28. The adjustable member 61 is placed in such a man-
ner that a rear end surface 61b of the adjustable mem-
ber 61 protrudes rearward from the rear end surface of
the rotary valve 41.
[0060] In the present embodiment, a front surface 14a
of the rear housing 14 forms a part of the suction cham-
ber 28 and faces frontward in the suction chamber 28.
The front surface 14a restricts rearward sliding move-
ment of the rotary shaft 16 when the front surface 14a
contacts with the rotary shaft 16. The front surface 14a
serves as a movement restricting part. Also, the rear end
surface 61 b of the adjustable member 61 serves as a
contacting part for contacting with the movement re-
stricting part.
[0061] When the adjustable member 61 is positioned
to the port 60 of the rotary valve 41, the adjustable mem-
ber 61 is first press-fitted into the port 60 to a shallow
position compared to a finished state that the rear hous-
ing 14 is joined to the cylinder block 11.
[0062] Subsequently, as shown in FIG. 6A, the rear
housing 14 and the cylinder block 11 are placed in such
a manner that the front surface 14a of the rear housing
14 faces the rear surface of the cylinder block 11. In the
state of FIG. 6A, the rear housing 14 is fixedly joined to
the cylinder block side by bolting the through bolt 20,
which is shown in FIG. 1, in such a manner that the front
surface 14a presses the rear end surface 61b frontward.
The aforementioned means is a first process. Note that
the front surface 14a serves as a movement restricting
part and that the rear end surface 61b serves as a con-
tacting part. Thus, the position of the adjustable member
61 that is press-fitted into the port 60 is temporality set
to a reference position in such a manner that the rear-
ward sliding movement of the rotary shaft 16 is restrict-
ed, namely, the movable amount of the rotary shaft 16
becomes zero.
[0063] From the state of FIG. 6A, as shown in FIG.
6B, in a similar manner to the first preferred embodi-
ment, when the front end surface 16b of the rotary shaft
16 is rearward pressed, the adjustable member 61 is
moved into the port 60 so as to slide along the direction
of the rotary axis L. Thereby, the clearance is set to the

predetermined amount X. The aforementioned means
is a second process.
[0064] In the present embodiment, the similar effects
(1) through (6) of the first embodiment are substantially
obtained.
[0065] In the present invention, the following alterna-
tive embodiments are also practiced.
[0066] In the first and second preferred embodiments,
the adjustable member 51 is press-fitted into the inser-
tion hole 50. In alternative embodiments to the above
embodiments, however, in the compressor housing 10,
a protrusion is protruded from a rear surface of the cyl-
inder block 11 or a front surface of the rear housing 14
that forms the suction chamber 28 in the direction of the
rotary axis L. The adjustable member 51 is press-fitted
around the protrusion so as to slide along the direction
of the rotary shaft L.
[0067] In the third preferred embodiment, the adjust-
able member 61 is press-fitted into the port 60 of the
rotary valve 41. In an alternative embodiment to the
above embodiment, however, the rear end of the rotary
valve 41 extends rearward. In addition, the outside di-
ameter and the inside diameter of the adjustable mem-
ber 61 are increased, the adjustable member 61 is
press-fitted around the outer circumferential surface of
an extending portion of the rotary valve 41 so as to slide
along the direction of the rotary axis L.
[0068] In the first preferred embodiments, the clear-
ance is adjusted to the predetermined amount X by uti-
lizing the adjustable member 51, which is fixedly press-
fitted to the rear housing 14. Also, in the second pre-
ferred embodiment, the clearance is adjusted to the pre-
determined amount X by utilizing the adjustable mem-
ber 51, which is fixedly press-fitted to the cylinder block
11. Further, in the third preferred embodiment, the clear-
ance is adjusted to the predetermined amount X by uti-
lizing the adjustable member 61, which is fixedly press-
fitted to the rotary valve 41. In alternative embodiments
to the embodiments, however, the adjustable members
51 and 61 are no longer needed, and the position of the
rotary valve 41 that is press-fitted to the rotary shaft 16
is adjusted. Thereby, the clearance is adjusted to the
predetermined amount X. In this case, clearance be-
tween the contacting part 41b of the rotary valve 41 and
the front surface 14a of the rear housing 14, which con-
tacts with the contacting part 41b, is the predetermined
amount X. Note that the front surface 14a of the rear
housing 14 serves as a movement restricting part.
[0069] In the above-mentioned preferred embodi-
ments, the rotary valve 41 and the rotary shaft 16 are
press-fitted to each other. In alternative embodiments to
the above embodiments, however, the rotary valve 41
and the rotary shaft 16 are integrally formed with each
other.
[0070] In the above-mentioned preferred embodi-
ments, the suction valve system mechanism 35, which
includes the rotary valve 41, is adopted. In alternative
embodiments to the above embodiments, however, the
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suction valve system mechanism is a reed valve-type.
[0071] In the above-mentioned preferred embodi-
ments, the variable displacement piston type compres-
sor which includes the swash plate 35 is adopted. In al-
ternative embodiments to the above embodiments,
however, a variable displacement piston type compres-
sor which includes a wobble plate is adopted.
[0072] In the above-mentioned preferred embodi-
ments, the variable displacement piston type compres-
sor is adopted. In alternative embodiments to the above
embodiments, however, the compressor is a fixed dis-
placement piston type compressor that includes a sin-
gle-head piston.
[0073] In the above-mentioned preferred embodi-
ments, the variable displacement piston type compres-
sor is a single-head piston type compressor. In alterna-
tive embodiments to the above embodiments, however,
the compressor is a double-head piston type compres-
sor.
[0074] In the above-mentioned preferred embodi-
ments, the swash plate 23 is adopted as a cam plate. In
alternative embodiments to the above embodiments,
however, a wave cam is adopted as a cam, and the wave
cam is used for a piston type compressor.
[0075] In the above-mentioned preferred embodi-
ments, the compressor is a piston type. In alternative
embodiments to the above embodiments, however, a
compressor other than a piston type compressor is
adopted. For example, a scroll type compressor or a
vane type compressor is adopted.
[0076] Therefore, the present examples and embod-
iments are to be considered as illustrative and not re-
strictive and the invention is not to be limited to the de-
tails given herein but may be modified within the scope
of the appended claims.

A method of adjusting a rotary machine includes
the steps of press-fitting an adjustable member to one
of a housing and a rotary body where the adjustable
member is arranged to a reference position at which
movable amount of a rotary body is zero, and adjusting
the movable amount of the rotary body in a direction of
a rotary axis to the predetermined amount by varying a
position of the adjustable member that is press-fitted to
the one of the housing and the rotary body from the ref-
erence position by the predetermined amount in a direc-
tion in which the movement restricting part and the con-
tacting part contacting with each other are separated
from each other.

Claims

1. A method of adjusting a rotary machine including a
housing, a rotary body, movement restricting means
and an adjustable member, the rotary body being
rotatably supported in the housing and having a ro-
tary axis for rotation, the movement restricting
means restricting movable amount of the rotary

body in a direction of the rotary axis to a predeter-
mined amount when the movement restricting
means contacts with the rotary body, the movement
restricting means also restricting one-side sliding
movement of the rotary body in the direction of the
rotary axis when a movement restricting part and a
contacting part contact with each other, one of the
movement restricting part and the contacting part
being provided by the adjustable member that is fix-
edly press-fitted to one of the housing and the rotary
body in the direction of the rotary axis, character-
ized by the steps of:

press-fitting the adjustable member to one of
the housing and the rotary body where the ad-
justable member is arranged, to a reference po-
sition at which movable amount of the rotary
body is zero; and
adjusting the movable amount of the rotary
body in the direction of the rotary axis to the
predetermined amount by varying a position of
the adjustable member that is press-fitted to the
one of the housing and the rotary body from the
reference position by the predetermined
amount in a direction in which the movement
restricting part and the contacting part contact-
ing with each other are separated from each
other.

2. The method according to claim 1, wherein the ad-
justable member is the movement restricting part
that is fixedly press-fitted to the housing, the con-
tacting part being formed on the rotary body.

3. The method according to claim 1, wherein the ad-
justable member is the contacting part that is fixedly
press-fitted to the rotary body, the movement re-
stricting part being formed on the housing.

4. The method according to any one of claims 1
through 3, wherein the adjusting step includes:

adjusting the movable amount of the rotary
body to the predetermined amount by pressing
the rotary body against the movement restrict-
ing part by the predetermined amount.

5. The method according to claim 4, wherein a part of
the rotary body is exposed outside from the housing
in such a manner that the rotary machine receives
power from an external drive source, the adjusting
step including:

adjusting the movable amount of the rotary
body to the predetermined amount by pressing
an exposed portion of the rotary body.

6. The method according to any one of claims 1, 4 and
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5, wherein the housing includes at least a first hous-
ing component and a second housing component
which are fixedly joined to each other, the rotary
body being rotatably supported in the first housing
component, the second housing component being
adjoined to the first housing component, the press-
fitting step comprising:

press-fitting the adjustable member to one of
the second housing component and the rotary
body at the reference position by pressing the
adjustable member against the other of the sec-
ond housing component and the rotary body
when the first housing component and the sec-
ond housing component are fixedly joined to
each other.

7. The method according to any one of claims 1, 4 and
5, wherein the housing includes at least a first hous-
ing component and a second housing component
which are fixedly joined to each other, the rotary
body being rotatably supported in the first housing
component, the second housing component being
adjoined to the first housing component, the press-
fitting step comprising:

press-fitting the adjustable member to the first
housing component at the reference position by
pressing the adjustable member against the ro-
tary body before the first housing component
and the second housing component are fixedly
joined to each other.

8. The method according to any one of claims 1
through 7, wherein the housing defining a cylinder
bore and a suction pressure region, the piston being
accommodated in the cylinder bore and being re-
ciprocated therein in accordance with the rotation
of the rotary shaft that serves as the rotary body,
thereby a compression mechanism being accom-
modated in the housing for compressing refrigerant
gas, the rotary shaft having an end to which a rotary
valve is press-fitted, the rotary valve opening and
closing a passage formed between the cylinder
bore and the suction pressure region in accordance
with synchronous rotation of the rotary shaft, the
contacting part being formed on the rotary valve.

9. A piston type compressor including a housing, a pis-
ton, a rotary shaft, a passage, a rotary valve, a com-
pression mechanism and movement restricting
means, the housing defining a cylinder bore, a suc-
tion pressure region and a valve accommodation
chamber that has an inner circumferential surface,
the piston being accommodated in the cylinder
bore, the rotary shaft being rotatably supported in
the housing, the rotary shaft being connected to the
piston in such a manner that the rotation of the ro-

tary shaft is converted into reciprocation of the pis-
ton, the rotary shaft having a rotary axis for rotation
and an end, the passage being formed between the
cylinder bore and the suction pressure region, the
rotary valve being rotatably accommodated in the
valve accommodation chamber, the rotary valve be-
ing fixedly press-fitted to the end of the rotary shaft
to form a rotary body, the rotary valve opening and
closing the passage in accordance with synchro-
nous rotation of the rotary shaft, the rotary valve
having an outer circumferential surface, the outer
circumferential surface of the rotary valve and the
inner circumferential surface of the valve accommo-
dation chamber constituting a slide-bearing sur-
face, the end of the rotary shaft being rotatably sup-
ported in the housing through the rotary valve, the
compression mechanism being accommodated in
the housing for compressing refrigerant gas based
on the reciprocation of the piston, characterized in
that:

the movement restricting means restricts mov-
able amount of the rotary body to a predeter-
mined amount in a direction of the rotary axis
when the movement restricting means contacts
with the rotary body, and that one-side sliding
movement of the rotary body in the direction of
the rotary axis is restricted when a movement
restricting part and a contacting part contact
with each other, and that one of the movement
restricting part and the contacting part is pro-
vided by an adjustable member that is fixedly
press-fitted to one of the housing and the rotary
body in the direction of the rotary axis.

10. The piston type compressor according to claim 9,
wherein the adjustable member is the movement re-
stricting part that is fixedly press-fitted to the hous-
ing, the contacting part being formed on the rotary
body.

11. The piston type compressor according to claim 9,
wherein the adjustable member is the contacting
part that is fixedly press-fitted to the rotary body, the
movement restricting part being formed on the
housing.
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