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(54) ROTARY FLUID MACHINE

(57) A rotary fluid machine is provided in which,
among first bearings (23f, 23r) and a second bearing
(24) supporting in a casing (11) opposite ends of a rotor
(22) that includes an axial piston cylinder group (56) for
converting the pressure energy of a working medium in-
to mechanical energy, only the first bearings (23f, 23r)
are formed from combined angular bearings that can
support an axial load, and the second bearing (24) is
formed from a radial bearing that can support a radial

load and is axially movable relative to the rotor (22).
Since the rotor (22) is axially positioned relative to the
casing (11) by only the first bearings (the combined an-
gular bearings) (23f, 23r), a difference in the amount of
axial thermal expansion between the casing (11) and the
rotor (22) can be absorbed by the second bearing (radial
bearing) (24) without any problem. This can solve effec-
tively problems caused by a difference in the amount of
thermal expansion between the casing and the rotor of
the rotary fluid machine.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a rotary fluid
machine in which opposite ends of a rotor are rotatably
supported in a casing via a first bearing and a second
bearing, and energy conversion means for interconvert-
ing pressure energy of a working medium and mechan-
ical energy of the rotating rotor is provided in the rotor.

BACKGROUND ART

[0002] Such a rotary fluid machine is known from Jap-
anese Patent Application Laid-open No. 2002-256805.
This rotary fluid machine converts the pressure energy
of high temperature, high pressure steam into mechan-
ical energy for rotating an output shaft via two axial pis-
ton cylinder groups arranged in radially inner and outer
stages, and axially opposite ends of a rotor thereof are
each rotatably supported in a casing via one angular
bearing.
[0003] The pair of angular bearings supporting in the
casing axially opposite ends of the rotor of the above-
mentioned conventional rotary fluid machine not only
support a radial load of the rotor but also support an axial
load so as to position the rotor in the axial direction. This
results in the problems that, due to a difference in the
coefficient of thermal expansion between the rotor and
the casing, the bearing gap between the pair of angular
bearings changes thus degrading the durability, the sup-
port of the rotor becomes unstable thus inhibiting
smooth rotation, and the dead volume of the axial piston
cylinder groups (a space between the top of a piston at
top dead center and the top of a cylinder) varies thus
changing the volume ratio (expansion ratio). In order to
solve these problems, consideration has been given to
using, among the pair of bearings supporting axially op-
posite ends of the rotor in the casing, only one of the
bearings for supporting the axial load of the rotor, thus
absorbing the difference in coefficient of thermal expan-
sion between the rotor and the casing.
[0004] However, even by supporting the axial load of
the rotor with only one of the bearings as described
above, since the bearing is generally formed from an
iron-based material having a small coefficient of thermal
expansion from the viewpoint of strength and rigidity,
and the casing is formed from an aluminum-based ma-
terial having a large coefficient of thermal expansion
from the viewpoint of light weight, etc., as shown in FIG.
20 an axial gap β is generated between the casing and
the bearing when the rotary fluid machine is hot, this gap
β results in an axial displacement of the rotor relative to
the casing, and there is thus a possibility that the seal-
ability of a rotary valve for supplying and discharging the
working medium to and from the rotor might be degrad-
ed.
[0005] In order to prevent the axial gap from being

generated between the casing and the bearing when the
rotary fluid machine is hot, the bearing may be assem-
bled to the casing in a state in which an axially compres-
sive load is applied to the bearing, but this gives rise to
the problem that the frictional resistance of the bearing
to which the compressive load is applied might increase.

DISCLOSURE OF INVENTION

[0006] The present invention has been achieved un-
der the above-mentioned circumstances, and it is an ob-
ject thereof to solve the above-mentioned problems
caused by a difference in the amount of thermal expan-
sion between a casing and a rotor of a rotary fluid ma-
chine.
[0007] In order to attain this object, in accordance with
a first aspect of the present invention, there is provided
a rotary fluid machine in which opposite ends of a rotor
are rotatably supported in a casing via a first bearing
and a second bearing, and energy conversion means
for interconverting pressure energy of a working medi-
um and mechanical energy of the rotating rotor is pro-
vided in the rotor, characterized in that among the first
bearing and the second bearing, the axial load can be
supported by only the first bearing.
[0008] In accordance with this arrangement, since the
axial load can be supported by only the first bearing
among the first bearing and the second bearing, which
rotatably support opposite ends of the rotor in the cas-
ing, it is possible to prevent an axial load from being ap-
plied between the second bearing and the rotor due to
a difference in the amount of axial thermal expansion
between the casing and the rotor, while enabling the ro-
tor to be axially positioned relative to the casing by only
the first bearing. Because of this, not only is it possible
to prevent the durability from being degraded by a
preload on the first and second bearings being de-
creased by a difference in the amount of axial thermal
expansion between the casing and the rotor or by a fluc-
tuation in the load at high temperature, and particularly
at low temperature, accompanying a change in the gap
between the bearings, but it is also possible to ensure
smooth rotation by stabilizing the support of the rotor by
the first and second bearings and, moreover, by reduc-
ing the variation in dead volume of the energy conver-
sion means it is possible to ensure that there is a desired
volume ratio (expansion ratio or compression ratio).
[0009] In accordance with a second aspect of the
present invention, in addition to the first aspect, the ro-
tary fluid machine is an expander, and the energy con-
version means is an axial piston cylinder group.
[0010] In accordance with this arrangement, since the
energy conversion means of the expander for convert-
ing the pressure energy into mechanical energy is
formed from the axial piston cylinder group, which is
large in the axial direction, even when the difference in
the amount of axial thermal expansion between the cas-
ing and the rotor greatly increases due to the large dif-
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ference in temperature between when the temperature
is cold and when the temperature is hot, it is possible to
prevent an excessively varying load from being applied
to the first and second bearings. It is also possible to
stabilize the dead volume between a piston and a cylin-
der and thus prevent the volume ratio (expansion ratio)
of the expander from changing.
[0011] In accordance with a third aspect of the present
invention, in addition to the first aspect, the rotary fluid
machine is provided with a rotary valve for supplying and
discharging the working medium to and from the rotor,
the coefficient of thermal expansion of the rotor is set so
as to be substantially the same as the coefficient of ther-
mal expansion of the first bearing, the coefficient of ther-
mal expansion of the casing is set so as to be larger than
the coefficient of thermal expansion of the rotor and the
coefficient of thermal expansion of the first bearing, the
first bearing is supported in the casing via a bearing
holder, and the coefficient of thermal expansion of the
bearing holder is set so as to be substantially the same
as the coefficient of thermal expansion of the rotor and
the coefficient of thermal expansion of the first bearing.
[0012] In accordance with this arrangement, since the
coefficient of thermal expansion of the rotor and the co-
efficient of thermal expansion of the first bearing are
made substantially the same, the coefficient of thermal
expansion of the casing is made larger than the coeffi-
cient of thermal expansion of the rotor and the coeffi-
cient of thermal expansion of the first bearing, the first
bearing is supported in the casing via the bearing holder,
and the coefficient of thermal expansion of the bearing
holder is made substantially the same as the coefficient
of thermal expansion of the rotor and the coefficient of
thermal expansion of the first bearing, even when there
is a difference in coefficient of thermal expansion be-
tween the casing and the first bearing, not only is it pos-
sible to prevent a gap from being generated between
the first bearing and the bearing holder and prevent the
sealability of the rotary valve from being degraded by
the rotor moving axially due to the gap, but it is also pos-
sible to reduce the weight while ensuring a desired
strength and rigidity.
[0013] In accordance with a fourth aspect of the
present invention, in addition to the third aspect, the ro-
tary fluid machine is an expander, and the energy con-
version means is an axial piston cylinder group operated
by a swash plate.
[0014] In accordance with this arrangement, since the
energy conversion means of the expander for convert-
ing the pressure energy into mechanical energy is
formed from the axial piston cylinder group, which is
large in the axial direction, even when the difference in
the amount of axial thermal expansion between the cas-
ing and the rotor greatly increases due to the large dif-
ference in temperature between when the temperature
is cold and when the temperature is hot, it is possible to
prevent an excessively varying load from being applied
to the first and second bearings. It is also possible to

stabilize the dead volume between a piston and a cylin-
der and thus prevent the volume ratio (expansion ratio)
of the expander from changing.
[0015] In accordance with a fifth aspect of the present
invention, in addition to the fourth aspect, the swash
plate is supported in the casing via a swash plate holder,
and the coefficient of thermal expansion of the swash
plate holder is set so as to be substantially the same as
the coefficient of thermal expansion of the bearing hold-
er.
[0016] In accordance with this arrangement, since the
coefficient of thermal expansion of the swash plate hold-
er for supporting the swash plate in the casing is made
substantially the same as the coefficient of thermal ex-
pansion of the bearing holder, it is possible to prevent
displacement of the position where a piston of the axial
piston cylinder group comes into contact with the swash
plate, thus preventing seizure occurring or any increase
in the frictional resistance and, moreover, it is possible
to stabilize the positional relationship between the pis-
ton, which abuts against the swash plate, and the cylin-
der, which is provided in the rotor, and thus prevent yet
more effectively the volume ratio (expansion ratio) of the
expander from changing.
[0017] In accordance with a sixth aspect of the
present invention, in addition to the fifth aspect, the
swash plate holder and the bearing holder are formed
from the same member.
[0018] In accordance with this arrangement, since the
swash plate holder and the bearing holder are formed
from the same member, not only is it possible to prevent
yet more effectively the volume ratio (expansion ratio)
of the expander from changing, but it is also possible to
reduce the number of components compared with a
case in which they are formed from separate members.
[0019] Combined angular bearings 23f and 23r of an
embodiment correspond to the first bearing of the
present invention, and a radial bearing 24 of the embod-
iment corresponds to the second bearing of the present
invention.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

FIG. 1 to FIG. 13 show a first embodiment of the
present invention; FIG. 1 is a vertical sectional view
of an expander, FIG. 2 is a sectional view along line
2-2 in FIG. 1, FIG. 3 is a view from arrowed line 3-3
in FIG. 1, FIG. 4 is an enlarged view of part 4 in FIG.
1, FIG. 5 is an enlarged view of part 5 in FIG. 1, FIG.
6 is an exploded perspective view of a rotor, FIG. 7
is a sectional view along line 7-7 in FIG. 4, FIG. 8
is a sectional view along line 8-8 in FIG. 4, FIG. 9
is an enlarged view of part 9 in FIG. 4, FIG. 10 is a
sectional view along line 10-10 in FIG. 5, FIG. 11 is
a sectional view along line 11-11 in FIG. 5, FIG. 12
is a sectional view along line 12-12 in FIG. 5, and
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FIG. 13 is a sectional view along line 13-13 in FIG. 5.
FIG. 14 and FIG. 15 show a second embodiment of
the present invention; FIG. 13 is a view correspond-
ing to FIG. 1, and FIG. 15 is a graph showing the
relationship between increase in temperature and
size of a gap of combined angular bearings.
FIG. 16 to FIG. 19 show a third embodiment of the
present invention; FIG. 16 is an enlarged view of
the surroundings of combined angular bearings of
an expander, FIG. 17 is a diagram for explaining the
reason for the volume ratio of the expander chang-
ing due to thermal expansion, FIG. 18 is a graph for
comparing the temperature of a zone C1 and that
of a zone C2 of the expander, and FIG. 19 is a graph
showing changes in the dead volume of the axial
piston cylinder group with respect to the tempera-
ture of the zone C2.
FIG. 20 is a diagram for explaining a gap generated
between a casing and a bearing.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] A first embodiment of the present invention is
explained below by reference to the attached drawings.
[0022] As shown in FIG. 1 to FIG. 9, an expander E
of this embodiment is used in, for example, a Rankine
cycle system, and converts the thermal energy and the
pressure energy of high-temperature, high-pressure
steam as a working medium into mechanical energy and
outputs it. A casing 11 of the expander E is formed from
a casing main body 12, a front cover 15 joined via a seal
13 to a front opening of the casing main body 12 by a
plurality of bolts 14, a rear cover 18 joined via a seal 16
to a rear opening of the casing main body 12 by a plu-
rality of bolts 17, and an oil pan 21 joined via a seal 19
to a lower opening of the casing main body 12 by a plu-
rality of bolts 20.
[0023] A rotor 22 arranged rotatably around an axis L
extending in the fore-and-aft direction in the center of
the casing 11 has a front part thereof supported by com-
bined angular bearings 23f and 23r provided in the front
cover 15 and a rear part thereof supported by a radial
bearing 24 provided in the casing main body 12. A
swash plate holder 28 is formed integrally with a rear
face of the front cover 15, and a swash plate 31 is rotat-
ably supported by the swash plate holder 28 via an an-
gular bearing 30. The axis of the swash plate 31 is in-
clined relative to the axis L of the rotor 22, and the angle
of inclination is fixed.
[0024] The rotor 22 includes an output shaft 32 sup-
ported in the front cover 15 by the combined angular
bearings 23f and 23r, three sleeve support flanges 33,
34, and 35 formed integrally with a rear part of the output
shaft 32 via cutouts 57 and 58 (see FIG. 4 and FIG. 9)
having predetermined widths, a rotor head 38 that is
joined by a plurality of bolts 37 to the rear sleeve support
flange 35 via a metal gasket 36 and is supported in the
casing main body 12 by the radial bearing 24, and a

heat-insulating cover 40 that is fitted over the three
sleeve support flanges 33, 34, and 35 from the front and
joined to the front sleeve support flange 33 by a plurality
of bolts 39. Sets of five sleeve support holes 33a, 34a,
and 35a are formed in the three sleeve support flanges
33, 34, and 35 respectively at intervals of 72° around
the axis L, and five cylinder sleeves 41 are fitted into the
sleeve support holes 33a, 34a, and 35a from the rear.
A flange 41 a is formed on the rear end of each of the
cylinder sleeves 41, and axial positioning is carried out
by abutting this flange 41 a against the metal gasket 36
while fitting the flange 41 a into a step 35b formed in the
sleeve support holes 35a of the rear sleeve support
flange 35 (see FIG. 9). A piston 42 is slidably fitted within
each of the cylinder sleeves 41, the front end of the pis-
ton 42 abutting against a dimple 31a formed on the
swash plate 31, and a steam expansion chamber 43 is
defined between the rear end of the piston 42 and the
rotor head 38.
[0025] A plate-shaped bearing holder 92 is superim-
posed on a front face of the front cover 15 via a seal 91
and fixed thereto by means of bolts 93, and a pump body
95 is superimposed on a front face of the bearing holder
92 via a seal 94 and fixed thereto by means of bolts 96.
The combined angular bearings 23f and 23r are held
between a step of the front cover 15 and the bearing
holder 92, thereby fixing them in the axis L direction.
[0026] A shim 97 having a predetermined thickness
is held between the inner race of the combined angular
bearings 23f and 23r and a flange 32d formed on the
output shaft 32 supporting the combined angular bear-
ings 23f and 23r, and the inner race of the combined
angular bearings 23f and 23r is tightened by a nut 98
screwed around the outer periphery of the output shaft
32. As a result, the output shaft 32 is positioned in the
axis L direction relative to the combined angular bear-
ings 23f and 23r, that is, relative to the casing 11.
[0027] The combined angular bearings 23f and 23r
are mounted in mutually reversed directions, and not on-
ly support the output shaft 32 in the radial direction but
also support it so that it does not move in the axis L di-
rection. That is, one of the combined angular bearings
23f is disposed so as to restrain the output shaft 32 from
moving forward, and the other of the combined angular
bearings 23r is disposed so as to restrain the output
shaft 32 from moving rearward.
[0028] Since the combined angular bearings 23f and
23r are used as bearings for supporting a front part of
the rotor 22, one of the loads generated in opposite di-
rections along the axis L in the expansion chambers 43
under predetermined operating conditions of the ex-
pander E is transferred to the inner race of the combined
angular bearings 23f and 23r via the rotor 22, and the
other thereof is transferred to the outer race of the com-
bined angular bearings 23f and 23r via the swash plate
31 and the swash plate holder 28 of the front cover 15.
These two loads compress the swash plate holder 28 of
the front cover 15, the swash plate holder 28 being held
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between the angular bearing 30 supporting the swash
plate 31 and the combined angular bearings 23f and 23r
supporting the rotor 22, and the rigidity of the mechan-
ical part becomes high. Moreover, as in this embodi-
ment, forming the swash plate holder 28 integrally with
the front cover 15 enables the rigidity to be further en-
hanced and the structure to be made simple.
[0029] Furthermore, by incorporating the angular
bearing 30 supporting the swash plate 31 and the com-
bined angular bearings 23f and 23r supporting the rotor
22 into the front cover 15, the assembly operation can
be carried out in the form of units such as 'rotor 22 and
pistons 42', 'assembly of front cover 15', and 'pump body
95', and the efficiency of operations such as recombin-
ing the pistons 42 and exchanging the oil pump 49 is
improved.
[0030] A radial bearing 24 supporting the rotor head
38, which forms a rear end part of the rotor 22, is a nor-
mal ball bearing supporting only a radial load, and a gap
α (see FIG. 5) is formed between the rotor head 38 and
the inner race of the radial bearing 24 so that the rotor
head 38 can slide against the radial bearing 24 in the
axis L direction.
[0031] An oil passage 32a is formed so as to extend
along the axis L within the output shaft 32, which is in-
tegral with the rotor 22, and the front end of the oil pas-
sage 32a branches in a radial direction and communi-
cates with an annular channel 32b on the outer periph-
ery of the output shaft 32. An oil passage blocking mem-
ber 45 is screwed into the inner periphery of the oil pas-
sage 32a via a seal 44 at a position that is radially inside
the middle sleeve support flange 34 of the rotor 22, and
a plurality of oil holes 32c extending radially outward
from the oil passage 32a in the vicinity of the oil passage
blocking member 45 open on the outer periphery of the
output shaft 32.
[0032] A trochoidal oil pump 49 is disposed between
a recess 95a provided in a front face of the pump body
95 and a pump cover 48 fixed via a seal 46 to the front
face of the pump body 95 by a plurality of bolts 47, and
includes an outer rotor 50 that is rotatably fitted in the
recess 95a, and an inner rotor 51 that is fixed to the outer
periphery of the output shaft 32 and meshes with the
outer rotor 50. An internal space of the oil pan 21 com-
municates with an intake port 53 of the oil pump 49 via
an oil pipe 52 and an oil passage 95b of the pump body
95, and a discharge port 54 of the oil pump 49 commu-
nicates with the annular channel 32b of the output shaft
32 via an oil passage 95c of the pump body 95.
[0033] The piston 42, which is slidably fitted into the
cylinder sleeve 41, is formed from an end part 61, a mid-
dle part 62, and a top part 63. The end part 61 is a mem-
ber having a spherical part 61 a that abuts against the
dimple 31 a of the swash plate 31, and is joined by weld-
ing to the forward end of the middle part 62. The middle
part 62 is a cylindrical member having a large volume
hollow space 62a; an outer peripheral part of the middle
part 62 close to the top part 63 has a small diameter part

62b whose diameter is slightly reduced, a plurality of oil
holes 62c are formed so as to run radially through the
small diameter part 62b, and a plurality of spiral oil chan-
nels 62d are formed in an outer peripheral part that is
present forward of the small diameter part 62b. The top
part 63 faces the expansion chamber 43 and is formed
integrally with the middle part 62, and a heat-insulating
space 65 (see FIG. 9) is formed between a dividing wall
63a formed on an inner face of the top part 63 and a
cover member 64 fitted into and welded to a rear end
face of the top part 63. Two compression rings 66 and
one oil ring 67 are mounted on the outer periphery of
the top part 63, and an oil ring channel 63b into which
the oil ring 67 is fitted communicates with the hollow
space 62a of the middle part 62 via a plurality of oil holes
63c.
[0034] The end part 61 and the middle part 62 of the
piston 42 are made of high-carbon steel, and the top
part 63 is made of stainless steel; among these, the end
part 61 is subjected to induction hardening, whereas the
middle part 62 is subjected to hardening. As a result,
high surface pressure resistance can be imparted to the
end part 61, which abuts against the swash plate 31 at
a high surface pressure, abrasion resistance can be im-
parted to the middle part 62, which is in sliding contact
with the cylinder sleeve 41 under severe lubrication con-
ditions, and heat resistance and corrosion resistance
can be imparted to the top part 63, which faces the ex-
pansion chamber 43 and is exposed to high temperature
and high pressure.
[0035] An annular channel 41 b is formed on the outer
periphery of a middle part of the cylinder sleeve 41 (see
FIG. 6 and FIG. 9), and a plurality of oil holes 41 c are
formed in the annular channel 41 b. Regardless of
where rotationally the cylinder sleeve 41 is mounted, the
oil holes 32c formed in the output shaft 32 and oil holes
34b formed in the middle sleeve support flange 34 of the
rotor 22 (see FIG. 4 and FIG. 6) communicate with the
annular channel 41 b. A space 68 formed between the
heat-insulating cover 40 and the front and rear sleeve
support flanges 33 and 35 of the rotor 22 communicates
with the internal space of the casing 11 via oil holes 40a
(see FIG. 4 and FIG. 7) formed in the heat-insulating
cover 40.
[0036] An annular cover member 69 is welded to the
front, or expansion chamber 43 side, of the rotor head
38, which is joined to the rear face of the front sleeve
support flange 33 of the rotor 22 by the bolts 37, and an
annular heat-insulating space 70 (see FIG. 9) is defined
at the back, or rear face, of the cover member 69. The
rotor head 38 is positioned rotationally relative to the
rear sleeve support flange 35 by a knock pin 55.
[0037] The five cylinder sleeves 41 and the five pis-
tons 42 form an axial piston cylinder group 56 of the
present invention.
[0038] The structure of a rotary valve 71 for the supply
and discharge of steam to and from the five expansion
chambers 43 of the rotor 22 is now explained by refer-
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ence to FIG. 5, and FIG. 10 to FIG. 13.
[0039] As shown in FIG. 5, the rotary valve 71, which
is disposed along the axis L of the rotor 22, includes a
valve main body 72, a stationary valve plate 73, and a
movable valve plate 74. The movable valve plate 74 is
fixed to a rear face of the rotor 22 by a bolt 76 screwed
into the oil passage blocking member 45 (see FIG. 4)
while being positioned in the rotational direction by a
knock pin 75. The bolt 76 also has the function of fixing
the rotor head 38 to the output shaft 32.
[0040] As is clear from FIG. 5, the stationary valve
plate 73, which abuts against the movable valve plate
74 via flat sliding surfaces 77, is fixed to the center of a
front face of the valve main body 72 by one bolt 78, and
also to an outer peripheral part of the valve main body
72 by an annular fixing ring 79 and a plurality of bolts
80. During this process, a step 79a formed on the inner
periphery of the fixing ring 79 is press-fitted in a spigot-
joint manner around the outer periphery of the stationary
valve plate 73, and a step 79b formed on the outer pe-
riphery of the fixing ring 79 is press-fitted in a spigot-joint
manner around the outer periphery of the valve main
body 72, thereby ensuring that the stationary valve plate
73 is coaxial with the valve main body 72. A knock pin
81 is disposed between the valve main body 72 and the
stationary valve plate 73, and determines the position
of the stationary valve plate 73 in the rotational direction.
[0041] When the rotor 22 rotates, the movable valve
plate 74 and the stationary valve plate 73 therefore ro-
tate relative to each other on the sliding surfaces 77 in
a state in which they are in intimate contact with each
other. The stationary valve plate 73 and the movable
valve plate 74 are made of a material having excellent
durability, such as carbon or a ceramic, and the durabil-
ity can be further improved by providing or coating the
sliding surfaces 77 with a member having heat resist-
ance, lubricating properties, corrosion resistance, and
abrasion resistance.
[0042] The valve main body 72, which is made of
stainless steel, is a stepped cylindrical member having
a large diameter part 72a and a small diameter part 72b;
outer peripheral faces of the large diameter part 72a and
the small diameter part 72b are fitted slidably in the axial
L direction into circular cross-section support faces 18a
and 18b of the rear cover 18 via seals 82 and 83 respec-
tively, and positioned in the rotational direction by fitting
a pin 84 implanted in an outer peripheral face of the
valve main body 72 into a cutout 18c formed in the axial
L direction in the rear cover 18. A plurality of preload
springs 85 are supported in the rear cover 18 so as to
surround the axis L, and the valve main body 72, which
has a step 72c between the large diameter part 72a and
the small diameter part 72b pushed by these preload
springs 85, is biased forward so as to put the sliding sur-
faces 77 of the stationary valve plate 73 and the mova-
ble valve plate 74 in intimate contact.
[0043] A steam supply pipe 86 connected to a rear
face of the valve main body 72 communicates with the

sliding surfaces 77 via a first steam passage P1 formed
in the interior of the valve main body 72 and a second
steam passage P2 formed in the stationary valve plate
73. A steam discharge chamber 88 sealed by a seal 87
is formed between the casing main body 12, the rear
cover 18, and the rotor 22, and this steam discharge
chamber 88 communicates with the sliding surfaces 77
via sixth and seventh steam passages P6 and P7
formed in the interior of the valve main body 72 and a
fifth steam passage P5 formed in the stationary valve
plate 73. Provided on surfaces where the valve main
body 72 and the stationary valve plate 73 are joined are
a seal 89 surrounding a part where the first and second
steam passages P1 and P2 are connected to each other
and a seal 90 surrounding a part where the fifth and sixth
steam passages P5 and P6 are connected to each oth-
er.
[0044] Five third steam passages P3 disposed at
equal intervals so as to surround the axis L run through
the movable valve plate 74, and opposite ends of five
fourth steam passages P4 formed in the rotor 22 so as
to surround the axis L communicate with the third steam
passages P3 and the expansion chambers 43. The part
of the second steam passage P2 opening on the sliding
surface 77 is circular, whereas the part of the fifth steam
passage P5 opening on the sliding surface 77 has an
arc shape with the axis L as its center.
[0045] The operation of the expander E of the embod-
iment having the above-mentioned arrangement is now
explained.
[0046] High temperature, high pressure steam gener-
ated by heating water in an evaporator reaches the slid-
ing surfaces 77 of the stationary valve plate 73 with the
movable valve plate 74 from the steam supply pipe 86
via the first steam passage P1 formed in the valve main
body 72 of the rotary valve 71 and the second steam
passage P2 formed in the stationary valve plate 73,
which is integral with the valve main body 72. The sec-
ond steam passage P2 opening on the sliding surface
77 communicates momentarily during a predetermined
intake period with the corresponding third steam pas-
sage P3 formed in the movable valve plate 74, which
rotates integrally with the rotor 22, and the high temper-
ature, high pressure steam is supplied, via the fourth
steam passage P4 formed in the rotor 22, from the third
steam passage P3 to the expansion chamber 43 within
the cylinder sleeve 41. Even after the communication
between the second steam passage P2 and the third
steam passage P3 has been blocked due to rotation of
the rotor 22, the high temperature, high pressure steam
expands within the expansion chamber 43 and causes
the piston 42 fitted in the cylinder sleeve 41 to be pushed
forward from top dead center toward bottom dead cent-
er, and the end part 61 at the front end of the piston 42
pushes against the dimple 31 a of the swash plate 31.
As a result, a reaction force that the piston 42 receives
from the swash plate 31 gives a rotational torque to the
rotor 22. For each one fifth of a revolution of the rotor
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22, the high temperature, high pressure steam is sup-
plied into a fresh adjoining expansion chamber 43, thus
continuously rotating the rotor 22.
[0047] While the piston 42, having reached bottom
dead center accompanying rotation of the rotor 22, re-
treats toward top dead center by being pushed by the
swash plate 31, the low temperature, low pressure
steam pushed out of the expansion chamber 43 is dis-
charged into the steam discharge chamber 88 via the
fourth steam passage P4 of the rotor 22, the third steam
passage P3 of the movable valve plate 74, the sliding
surfaces 77, the arc-shaped fifth steam passage P5 of
the stationary valve plate 73, and the sixth and seventh
steam passages P6 and P7 of the valve main body 72,
and is supplied therefrom into a condenser. The oil
pump 49 provided on the output shaft 32 operates ac-
companying rotation of the rotor 22, and oil is taken in
from the oil pan 21 via the oil pipe 52, the oil passage
95b of the pump body 95, and the intake port 53, dis-
charged from the discharge port 54, and supplied to a
space between the cylinder sleeve 41 and the small di-
ameter part 62b formed in the middle part 62 of the pis-
ton 42 via the oil passage 95c of the pump body 95, the
oil passage 32a of the output shaft 32, the annular chan-
nel 32b of the output shaft 32, the oil holes 32c of the
output shaft 32, the annular channel 41 b of the cylinder
sleeve 41, and the oil holes 41 c of the cylinder sleeve
41. A portion of the oil retained by the small diameter
part 62b flows into the spiral oil channels 62d formed in
the middle part 62 of the piston 42 and lubricates the
surface that slides against the cylinder sleeve 41, and
another portion of the oil lubricates surfaces of the com-
pression rings 66 and the oil ring 67 provided at the top
part 63 of the piston 42 that slide against the cylinder
sleeve 41.
[0048] Since water formed in the expansion chamber
43 by condensation of a portion of the supplied high tem-
perature, high pressure steam inevitably enters be-
tween the sliding surfaces of the cylinder sleeve 41 and
the piston 42 and contaminates the oil, the lubrication
conditions of the sliding surfaces are severe, but by sup-
plying a necessary amount of oil directly to the sliding
surfaces of the cylinder sleeve 41 and the piston 42 from
the oil pump 49 via the interior of the output shaft 32, it
is possible to maintain a sufficient oil film, thereby en-
suring the lubrication performance and enabling the di-
mensions of the oil pump 49 to be reduced.
[0049] Oil scraped off the surface of the cylinder
sleeve 41 that the piston 42 slides against by the oil ring
67 flows from the oil holes 63c formed in the base of the
oil ring channel 63b into the hollow space 62a within the
piston 42. The hollow space 62a communicates with the
interior of the cylinder sleeve 41 via the plurality of oil
holes 62c running through the middle part 62 of the pis-
ton 42, and the interior of the cylinder sleeve 41 com-
municates with the annular channel 41 b on the outer
periphery of the cylinder sleeve 41 via the plurality of oil
holes 41c. Although the surroundings of the annular

channel 41 b are covered by the middle sleeve support
flange 34 of the rotor 22, since the oil hole 34b is formed
in the sleeve support flange 34, the oil within the hollow
space 62a of the piston 42 is urged radially outward due
to centrifugal force, discharged to the space 68 within
the heat-insulating cover 40 via the oil hole 34b of the
sleeve support flange 34, and returned therefrom to the
oil pan 21 via the oil holes 40a of the heat-insulating
cover 40. During this process, since the oil hole 34b is
positioned toward the axis L relative to the radially outer
edge of the sleeve support flange 34, the oil that is
present radially outside the oil hole 34b is retained in
the hollow space 62a of the piston 42 by centrifugal
force.
[0050] In this way, the oil retained in the hollow space
62a within the piston 42 and the oil retained in the small
diameter part 62b on the outer periphery of the piston
42 is supplied from the small diameter part 62b to the
top part 63 side during an expansion stroke in which the
volume of the expansion chamber 43 increases, and is
supplied from the small diameter part 62b to the end part
61 side during a compression stroke in which the volume
of the expansion chamber 43 decreases, and it is there-
fore possible to ensure reliable lubrication over the en-
tire axial region of the piston 42. Furthermore, as a result
of the oil flowing within the hollow space 62a of the pis-
ton 42, the heat of the top part 63, which is exposed to
high temperature, high pressure steam, is transmitted
to the end part 61, which has a low temperature, and it
is thus possible to avoid the temperature of the piston
42 increasing locally.
[0051] When high temperature, high pressure steam
is supplied from the fourth steam passage P4 to the ex-
pansion chamber 43, since the heat-insulating space 65
is formed between the middle part 62 and the top part
63 of the piston 42, which faces the expansion chamber
43, and the heat-insulating space 70 is formed in the
rotor head 38, which faces the expansion chamber 43,
it is possible to minimize the escape of heat from the
expansion chamber 43 to the piston 42 and the rotor
head 38, thereby contributing to an improvement in the
performance of the expander E. Furthermore, since the
large volume hollow space 62a is formed within the pis-
ton 42, not only is it possible to reduce the weight of the
piston 42, but it is also possible to reduce the heat ca-
pacity of the piston 42, thereby enabling the escape of
heat from the expansion chamber 43 to be suppressed
yet more effectively.
[0052] Since the expansion chamber 43 is sealed by
interposing the metal gasket 36 between the rear sleeve
support flange 35 and the rotor head 38, in comparison
with a case in which the expansion chamber 43 is sealed
via a thick annular seal, unnecessary volume around the
seal can be reduced, thus ensuring that the expander E
has a large volume ratio (expansion ratio) and thereby
improving the thermal efficiency, which enables the out-
put to be increased. Moreover, since the cylinder sleeve
41 is formed separately from the rotor 22, the material
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of the cylinder sleeve 41 can be selected without being
restricted by the material of the rotor 22, while taking
into consideration the thermal conductivity, heat resist-
ance, strength, abrasion resistance, etc., and, moreo-
ver, it is possible to replace only a worn or damaged cyl-
inder sleeve 41, which is economical.
[0053] Furthermore, since the outer peripheral face of
the cylinder sleeve 41 is exposed through the two cut-
outs 57 and 58 formed circumferentially in the outer pe-
ripheral face of the rotor 22, not only is it possible to
reduce the weight of the rotor 22, but it is also possible
to reduce the heat capacity of the rotor 22, thereby im-
proving the thermal efficiency and, moreover, the cut-
outs 57 and 58 function as a heat-insulating space, thus
suppressing the escape of heat from the cylinder sleeve
41. Furthermore, since the outer peripheral part of the
rotor 22 is covered by the heat-insulating cover 40, it is
possible to suppress the escape of heat from the cylin-
der sleeve 41 yet more effectively.
[0054] Since the rotary valve 71 supplies and dis-
charges steam to and from the axial piston cylinder
group 56 via the flat sliding surfaces 77 between the sta-
tionary valve plate 73 and the movable valve plate 74,
it is possible to prevent the leakage of steam effectively.
This is because the flat sliding surfaces 77 can easily
be machined with high precision, and control of the
clearance is easy compared with cylindrical sliding sur-
faces. Moreover, since a surface pressure is generated
on the sliding surfaces 77 of the stationary valve plate
73 and the movable valve plate 74 by applying a preset
load to the valve main body 72 by means of the plurality
of preload springs 85, it is possible to suppress the leak-
age of steam past the sliding surfaces 77 yet more ef-
fectively.
[0055] Furthermore, since the valve main body 72 of
the rotary valve 71 is made of stainless steel, which has
a large coefficient of thermal expansion, and the station-
ary valve plate 73 fixed to the valve main body 72 is
made of carbon or a ceramic, which has a small coeffi-
cient of thermal expansion, there is the possibility that
the centering between the two might be displaced due
to a difference in the coefficients of thermal expansion,
but since the fixing ring 79 is fixed to the valve main body
72 by means of the plurality of bolts 80 in a state in which
the step 79a on the inner periphery of the fixing ring 79
is press-fitted in a spigot-joint manner over the outer pe-
riphery of the stationary valve plate 73 and the step 79b
on the outer periphery of the fixing ring 79 is press-fitted
in a spigot-joint manner over the outer periphery of the
valve main body 72, it is possible to carry out precise
centering of the stationary valve plate 73 relative to the
valve main body 72 by the aligning action of the press-
fitting of the fixing ring 79 and prevent the timing of sup-
ply and discharge of steam from deviating, thereby pre-
venting deterioration in the performance of the expander
E. Moreover, it is possible to make the abutting surfaces
of the stationary valve plate 73 and the valve main body
72 come into intimate and uniform contact by virtue of

the securing force of the bolts 80, thereby suppressing
the leakage of steam past the abutting surfaces.
[0056] Moreover, since the rotary valve 71 can be at-
tached to and removed from the casing main body 12
merely by removing the rear cover 18 from the casing
main body 12, the ease of maintenance operations such
as repair, cleaning, and replacement can be greatly im-
proved. Furthermore, although the rotary valve 71
through which the high temperature, high pressure
steam passes reaches a high temperature, since the
swash plate 31 and the output shaft 32, where lubrica-
tion by oil is required, are disposed on the opposite side
of the rotor 22 to the rotary valve 71, degradation of the
lubrication performance of the swash plate 31 and the
output shaft 32 due to heating of the oil by the heat of
the rotating valve 71, which reaches a high temperature,
can be prevented. Moreover, the oil also exhibits the
function of cooling the rotary valve 71, thus preventing
overheating.
[0057] When the expander E is assembled, it is nec-
essary to adjust the size of the dead volume between
the base (that is, the cover member 69 supported on the
rotor head 38) of the cylinder sleeve 41 and the top of
the piston 42, that is, the volume of the operating cham-
ber 43 when the piston 42 is at top dead center. Thinning
the shim 97 disposed between the flange 32d of the out-
put shaft 32 and the inner race of the combined angular
bearings 23f and 23r makes the output shaft 32 shift for-
ward (to the right in FIG. 1), and the rotor head 38 also
shifts forward, but since the piston 42 is restricted by the
swash plate 31 and cannot shift forward, the dead vol-
ume decreases. On the other hand, increasing the thick-
ness of the shim 97 makes the rotor head 38 shift rear-
ward (to the left in FIG. 1) together with the output shaft
32, and the dead volume therefore increases. As a re-
sult, the dead volume can be freely adjusted by ex-
changing only the shim 97, the number of steps required
for adjusting the dead volume can be decreased, and a
large amount of time can be saved.
[0058] Furthermore, the dead volume can be adjusted
simply by inserting a single shim 97 having a predeter-
mined thickness between the flange 32d of the output
shaft 32 and the combined angular bearings 23f and 23r
and tightening via the one nut 98 the rotor 22 into which
the pistons 42 are incorporated and the front cover 15
into which the angular bearing 30 supporting the swash
plate 31 and the combined angular bearings 23f and 23r
supporting the rotor 22 are incorporated, and it is there-
fore possible to carry out the adjustment easily com-
pared with a conventional case in which the thickness
of two of front and rear shims is adjusted individually.
Moreover, when the dead volume is adjusted, since the
rotor 22 into which the pistons 42 are incorporated may
remain assembled to the casing main body 12, post-ad-
justment checking of the dead volume can be carried
out while directly viewing a state in which the pistons 42
and the swash plate 31 are in contact with each other.
[0059] As hereinbefore described, when the position
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of the output shaft 32 relative to the combined angular
bearings 23f and 23r is adjusted in the fore-and-aft di-
rection by changing the thickness of the shim 97, al-
though the position of the rotor head 38 at the rear end
part of the rotor 22 also shifts in the fore-and-aft direc-
tion, since the rotor head 38 is freely slidable in the axis
L direction relative to the inner race of the radial bearing
24 provided between the casing main body 12 and the
rotor head 38, there is no problem in adjusting the po-
sition of the output shaft 32.
[0060] When the piston 42 is urged by the pressure
of the high temperature, high pressure steam supplied
to the expansion chamber 43 in a direction in which the
piston 42 is pushed out of the cylinder sleeve 41, the
pressing force of the piston 42 pushes the outer race of
the combined angular bearings 23f and 23r forward (to
the right in FIG. 1) via the swash plate 31, the angular
bearing 30, the swash plate holder 28, and the front cov-
er 15, and the pressing force of the cylinder sleeve 41,
which is in the reverse direction to the pressing force of
the piston 42, pushes the inner race of the combined
angular bearings 23f and 23r rearward (to the left in FIG.
1) via the rotor head 38 and the output shaft 32. That is,
the loads generated by the high temperature, high pres-
sure steam supplied to the expansion chamber 43 are
cancelled out within the combined angular bearings 23f
and 23r and are not transferred to the casing main body
12.
[0061] Whereas the rotor 22, which is formed from the
output shaft 32, the three sleeve support flanges 33, 34,
and 35, the rotor head 38, and the heat-insulating cover
40, is made of an iron-based material, which has rela-
tively small coefficient of thermal expansion, the casing
11, which supports the rotor 22 via the combined angular
bearings 23f and 23r and the radial bearing 24, is made
of an aluminum-based material, which has relatively
large coefficient of thermal expansion, and as a result a
difference is generated in the amount of thermal expan-
sion, in the axis L direction in particular, between when
the temperature of the expander E is low and when it is
high.
[0062] The casing 11, which has a larger coefficient
of thermal expansion than that of the rotor 22, expands
more than the rotor 22 when the temperature is high and
the dimension of the casing 11 in the axis L direction
relatively increases, whereas when the temperature is
low the casing 11 shrinks more and the dimension there-
of in the axis L direction relatively decreases. Since at
this time the casing 11 and the rotor 22 are positioned
in the axis L direction via the combined angular bearings
23f and 23r, the difference in the amount of thermal ex-
pansion between two is absorbed by the rotor head 38
sliding against the inner race of the radial bearing 24,
thus preventing an excessive load in the axis L direction
from being applied to the combined angular bearings 23f
and 23r, the radial bearing 24, and the rotor 22. This
enables not only the durability of the combined angular
bearings 23f and 23r and the radial bearing 24 to be im-

proved, but also the rotor 22 to be supported stably and
rotated smoothly and, moreover, it is possible to prevent
the dead volume between the top of the cylinder sleeve
41 and the top of the piston 42 from varying accompa-
nying a change in the temperature.
[0063] This is because, if the opposite ends of the ro-
tor 22 were restrained in the casing 11 so that the rotor
22 could not move in the axial direction, when the tem-
perature is low the casing 11 would shrink in the axis L
direction relative to the rotor 22, the piston 42 whose
head abuts against the swash plate 31 supported by the
swash plate holder 28, which is a part of the casing 11,
would be pushed rearward, and the rotor head 38 sup-
ported in the casing 11 via the radial bearing 24 would
be pushed forward, and as a result the piston 42 would
be pushed into the cylinder sleeve 41, thus decreasing
the dead volume. On the other hand, when the temper-
ature is high, the casing 11 would elongate in the axis L
direction relative to the rotor 22, the piston 42 would be
pulled out of the interior of the cylinder sleeve 41, thus
increasing the dead volume, and the initial volume of
high temperature, high pressure steam under normal
operating conditions after completion of warm up would
increase, that is, the thermal efficiency would be degrad-
ed due to a decrease in the volume ratio (expansion ra-
tio) of the expander E.
[0064] In this embodiment, however, since the rotor
22 is floatingly supported in the axis L direction relative
to the casing 11, an increase in the gap between the
combined angular bearings 23f and 23r and the radial
bearing 24 and a decrease in the preload are prevented,
and the dead volume is prevented from fluctuating ac-
companying a change in temperature. This prevents
any fluctuation in the volume ratio (expansion ratio) of
the expander E and ensures stable performance.
[0065] In particular, in the expander E employing high
temperature, high pressure steam as the working medi-
um, since there is a large difference in temperature be-
tween when the temperature is high and when the tem-
perature is low, the above-mentioned effect can be ex-
hibited effectively. Furthermore, the difference in tem-
perature between when the temperature is high and
when the temperature is low is large in the vicinity of the
rotary valve 71, to which the high temperature, high
pressure steam is supplied, but since the rotor head 38
can slide in the axis L direction against the radial bearing
24 disposed on the side close to the rotary valve 71, the
difference in coefficient of thermal expansion between
the casing 11 and the rotor 22 can be absorbed without
any problem.
[0066] Among the stationary valve plate 73 and the
movable valve plate 74 of the rotary valve 71, since the
stationary valve plate 73 supported in the casing 11 is
urged by an elastic force of the preload springs 85 to-
ward the movable valve plate 74 supported on the rotor
22, even when the positional relationship in the axis L
direction between the casing 11 and the rotor 22 chang-
es accompanying a change in the temperature, there is
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no possibility of the sealability of the sliding surfaces 77
of the stationary valve plate 73 and the movable valve
plate 74 being impaired. Instead, an excess load is pre-
vented from being applied to the combined angular
bearings 23f and 23r and the radial bearing 24, the ro-
tational surface of the rotor 22 is stabilized, the seala-
bility of the sliding surfaces 77 is improved, and the
amount of steam leakage can be reduced.
[0067] A second embodiment of the present invention
is now explained by reference to FIG. 14 and FIG. 15.
In the second embodiment, members corresponding to
the above-mentioned members of the first embodiment
are denoted by the same reference numerals and sym-
bols as those in the first embodiment, and duplication of
the explanation is omitted.
[0068] In the first embodiment, the combined angular
bearings 23f and 23r are supported directly in the casing
11, but in the second embodiment combined angular
bearings 23f and 23r are supported in a casing 11 via a
bearing holder 99. That is, a substantially cylindrical
bearing holder 99 fitted into the inner periphery of a front
cover 15 is fixed, together with a plate-shaped set plate
92 superimposed on a front face of the bearing holder
99, by bolts 93, and a pump body 95 is further superim-
posed on a front face of the front cover 15 via a seal 94
and fixed by bolts 96. The combined angular bearings
23f and 23r are therefore fixed in the axis L direction
while being held between a step of the bearing holder
99 and the set plate 92.
[0069] The bearing holder 99, the set plate 92, and
the combined angular bearings 23f and 23r are formed,
as for a rotor 22, from an iron-based material having a
relatively small coefficient of thermal expansion.
[0070] In accordance with this second embodiment,
the combined angular bearings 23f and 23r, which are
formed from an iron-based material having a relatively
small coefficient of thermal expansion, are not support-
ed directly in the casing 11, which is formed from an alu-
minum-based material having a relatively large coeffi-
cient of thermal expansion, but instead the combined
angular bearings 23f and 23r are supported in the casing
11 via the bearing holder 99, which is made of an iron-
based material and fixed to the casing 11, and even if
there is a difference between the coefficient of thermal
expansion of the casing 11 and the coefficient of thermal
expansion of the combined angular bearings 23f and
23r, as shown in FIG. 15, the occurrence of a gap β (see
FIG. 20) due to a difference in thermal elongation be-
tween the bearing holder 99 and the combined angular
bearings 23f and 23r can be suppressed, and it is pos-
sible to prevent the rotor 22 from moving in the axis L
direction as a result of this gap β and prevent the seal-
ability of the sliding surfaces 77 of the rotary valve from
deteriorating.
[0071] A third embodiment of the present invention is
now explained by reference to FIG. 16 to FIG. 19. In the
third embodiment, members corresponding to the
above-mentioned members of the first and second em-

bodiments are denoted by the same reference numerals
and symbols as those in the first and second embodi-
ments, and duplication of the explanation is omitted.
[0072] In the second embodiment, the swash plate
holder 28 is formed integrally with the front cover 15, but
in the third embodiment shown in FIG. 16, a swash plate
holder 28 is separate from a front cover 15 and is formed
integrally with a bearing holder 99. The integrated bear-
ing holder 99 and swash plate holder 28, together with
a set plate 92 fixed thereto by bolts 93, are fixed to the
front cover 15 by bolts 100. The swash plate holder 28
and the bearing holder 99 are formed from an iron-
based material having a small coefficient of thermal ex-
pansion, as for the bearing holder 99 of the second em-
bodiment.
[0073] In accordance with this third embodiment,
since the coefficient of thermal expansion of the swash
plate holder 28 is smaller than the coefficient of thermal
expansion of the front cover 15, which is formed from
an aluminum-based material, displacement of the
swash plate holder 28 relative to a casing 11 due to ther-
mal elongation can be minimized, and displacement of
the position where an end part 61 of a piston 42 comes
into contact with a dimple 31 a of a swash plate 31 can
be prevented, thus preventing seizure occurring or any
increase in the frictional resistance. Moreover, the posi-
tional relationship in the axis L direction between the pis-
ton 42 abutting against the swash plate 31 and a cylinder
sleeve 41 provided on a rotor 22 can be stabilized, and
the volume ratio (expansion ratio) of an expander E can
be prevented yet more effectively from changing.
[0074] The reason therefor is explained below by ref-
erence to FIG. 17.
[0075] The left end of the combined angular bearings
23f and 23r is defined as a starting point for thermal elon-
gation, and a section from this point to the top of the
cylinder sleeve 41 of the rotor 22 is defined as a zone
A1. The zone A1 is thus formed from a zone B1 corre-
sponding to the rotor 22 and a zone C1 corresponding
to an output shaft 32. A section from the starting point
for thermal elongation to the top of the piston 42 at top
dead center is defined as a zone A2, and the zone A2
is thus formed from a zone B2, which corresponds to
the piston 42, and a zone C2, which corresponds to the
swash plate holder 28.
[0076] The length of zone A1 in the axis L direction is
set to be slightly longer than the length of zone A2 in the
axis L direction, and this difference in length, that is, the
distance between the top of the cylinder sleeve 41 and
the top of the piston 42 at top dead center, corresponds
to the dead volume. Since both the rotor 22 and the pis-
ton 42 are formed from an iron-based material, the dif-
ference in length in the axis L direction between zone
B1 and zone B2 hardly changes between when the ex-
pander E is cold and when it is hot.
[0077] Whereas the swash plate holder 28 in zone C2
does not have any special cooling function, the output
shaft 32 in zone C1 is cooled by a lubricating oil flowing
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through the interior thereof, and zone C1 therefore has
a lower temperature than that of zone C2 (see FIG. 18).
Moreover, whereas the output shaft 32, which is made
of an iron-based material, has a small coefficient of ther-
mal expansion, if the swash plate holder 28 were formed
from an aluminum-based material having a large coef-
ficient of thermal expansion, because of a synergistic
effect thereof the thermal elongation of zone C2 when
the expander E is hot would be considerably larger than
the thermal elongation of zone C1. As a result, the ther-
mal elongation of zone A2 would be larger than that of
zone A1, the dead volume between the top of the cylin-
der sleeve 41 and the top of the piston 42 would de-
crease, and the volume ratio of the expander E would
deviate from a set value, thus causing a degradation in
the thermal efficiency.
[0078] However, in the third embodiment, since the
swash plate holder 28 is formed from an iron-based ma-
terial having a small coefficient of thermal expansion,
the difference in thermal elongation between zone C1
and zone C2 can be decreased and, as shown in FIG.
19, a reduction in the dead volume (dead stroke) be-
tween the top of the cylinder sleeve 41 and the top of
the piston 42 at top dead center can be reduced and
deviation in the volume ratio of the expander E from a
set value can be minimized, thus preventing the thermal
efficiency from being degraded.
[0079] Moreover, since the bearing holder 99 and the
swash plate holder 28 are formed from the same mem-
ber, there is a contribution to a reduction in the number
of components.
[0080] Although embodiments of the present inven-
tion are explained above, the present invention can be
modified in a variety of ways without departing from the
spirit and scope thereof.
[0081] For example, in the embodiments the expand-
er E of a Rankine cycle system is illustrated as an ex-
ample, but the rotary fluid machine of the present inven-
tion may be used in any other application and is not lim-
ited to the expander E.
[0082] In the second embodiment the casing 11 is
made of an aluminum-based material, and the rotor 22,
the output shaft 32, the bearing holder 99, and the
swash plate holder 28 (third embodiment) are made of
an iron-based material, but as long as the relationships
in the size of the coefficients of thermal expansion de-
fined in Claim 3 are satisfied, any materials other than
the above-mentioned materials may be selected.
[0083] Furthermore, in the third embodiment the bear-
ing holder 99 and the swash plate holder 28 are formed
from the same member, but they may be formed from
separate members.

Claims

1. A rotary fluid machine in which opposite ends of a
rotor (22) are rotatably supported in a casing (11)

via a first bearing (23f, 23r) and a second bearing
(24), and energy conversion means for intercon-
verting pressure energy of a working medium and
mechanical energy of the rotating rotor (22) is pro-
vided in the rotor (22),

characterized in that among the first bearing
(23f, 23r) and the second bearing (24), the axial
load can be supported by only the first bearing (23f,
23r).

2. The rotary fluid machine according to Claim 1,
wherein the rotary fluid machine is an expander (E),
and the energy conversion means is an axial piston
cylinder group (56).

3. The rotary fluid machine according to Claim 1,
wherein the rotary fluid machine is provided with a
rotary valve (71) for supplying and discharging the
working medium to and from the rotor (22), the co-
efficient of thermal expansion of the rotor (22) is set
so as to be substantially the same as the coefficient
of thermal expansion of the first bearing (23f, 23r),
the coefficient of thermal expansion of the casing
(11) is set so as to be larger than the coefficient of
thermal expansion of the rotor (22) and the coeffi-
cient of thermal expansion of the first bearing (23f,
23r), the first bearing (23f, 23r) is supported in the
casing (11) via a bearing holder (99), and the coef-
ficient of thermal expansion of the bearing holder
(99) is set so as to be substantially the same as the
coefficient of thermal expansion of the rotor (22)
and the coefficient of thermal expansion of the first
bearing (23f, 23r).

4. The rotary fluid machine according to Claim 3,
wherein the rotary fluid machine is an expander (E),
and the energy conversion means is an axial piston
cylinder group (56) operated by a swash plate (31).

5. The rotary fluid machine according to Claim 4,
wherein the swash plate (31) is supported in the
casing (11) via a swash plate holder (28), and the
coefficient of thermal expansion of the swash plate
holder (28) is set so as to be substantially the same
as the coefficient of thermal expansion of the bear-
ing holder (99).

6. The rotary fluid machine according to Claim 5,
wherein the swash plate holder (28) and the bearing
holder (99) are formed from the same member.
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