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(54) ROTARY TYPE FLUID MACHINE

(57)  Arotary fluid machine is provided that includes
a rotary valve (61) for controlling the intake and dis-
charge of a working medium to and from an operating
part (49, 57) formed from an axial piston cylinder group,
a steam supply pipe (77) that is disposed on an axis (L)
of a rotor (27) and supplies steam to the rotary valve
(61), the steam supply pipe (77) being provided sepa-
rately from a rotary valve main body (62), and gland
packing sealing means (97) disposed between the

steam supply pipe (77) and the rotary valve main body
(62). Since the sealing means (97), which is flexible, has
the function of preventing movement in the direction of
the axis (L) of the steam supply pipe (77) from being
transmitted to the rotary valve (61), it is possible to en-
sure the intimacy of contact of sliding surfaces (68) of
the rotary valve (61) while minimizing the leakage of
steam past the outer periphery of the steam supply pipe
(77) by means of the sealing means (97), thereby ena-
bling the steam to be supplied and discharged reliably.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a rotary fluid
machine that includes a casing, a rotor rotatably sup-
ported in the casing, an operating part provided in the
rotor, and a rotary valve that is provided between the
casing and the rotor and controls the intake and dis-
charge of a working medium to and from the operating
part via sliding surfaces that are perpendicular to the
axis of the rotor.

BACKGROUND ART

[0002] The rotary valve of this type of rotary fluid ma-
chine generally includes a valve main body fixed to the
casing so as to be positioned on the axis of the rotor,
and controls the supply and discharge of the working
medium via sliding surfaces of the fixed valve main body
and the rotating rotor. Supply of the working medium to
the rotary valve is carried out via a working medium sup-
ply pipe fixed to the valve main body so as to be dis-
posed on the axis of the rotor, and the valve main body
is resiliently biased toward the rotor so that the working
medium does not leak past the sliding surfaces of the
valve main body and the rotor.

[0003] However, in this conventional rotary fluid ma-
chine, since the working medium supply pipe is fixed to
the valve main body, axial movement of the valve main
body is restricted by the working medium supply pipe,
or vibration of the working medium supply pipe is trans-
mitted to the valve main body. The intimacy of contact
between the sliding surfaces of the valve main body and
the rotor is therefore degraded, and there is thus the
problem that supply and discharge of the working me-
dium becomes inaccurate.

DISCLOSURE OF THE INVENTION

[0004] The present invention has been achieved un-
der the above-mentioned circumstances, and itis an ob-
ject thereof to ensure the intimacy of contact between
the sliding surfaces of the valve main body and the rotor
of the rotary valve of the rotary fluid machine.

[0005] In order to accomplish this object, in accord-
ance with a first aspect of the present invention, there
is proposed a rotary fluid machine that includes a cas-
ing, a rotor rotatably supported in the casing, an oper-
ating part provided in the rotor, and a rotary valve that
is provided between the casing and the rotor and con-
trols the intake and discharge of a working medium to
and from the operating part via sliding surfaces that are
perpendicular to the axis of the rotor, the rotary fluid ma-
chine further including a working medium supply pipe
provided separately from the rotary valve, the working
medium supply pipe being positioned on the axis of the
rotor and supplying the working medium to the rotary
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valve, and sealing means disposed between the work-
ing medium supply pipe and the rotary valve, the sealing
means having the function of preventing movement of
the working medium supply pipe in the axial direction of
the rotor from being transmitted to the rotary valve.
[0006] Inaccordance with this arrangement, since the
working medium supply pipe that is disposed on the axis
of the rotor and supplies the working medium to the ro-
tary valve is provided separately from the rotary valve,
and the sealing means disposed between the working
medium supply pipe and the rotary valve has the func-
tion of preventing movement of the working medium
supply pipe in the axial direction of the rotor from being
transmitted to the rotary valve, it is possible to ensure
the intimacy of contact between the sliding surfaces of
the rotary valve while minimizing, with the sealing
means, leakage of the working medium past the outer
periphery of the working medium supply pipe, thereby
enabling the working medium to be supplied and dis-
charged reliably.

[0007] Furthermore, in accordance with a second as-
pect of the present invention, in addition to the first as-
pect, there is proposed a rotary fluid machine wherein
the sealing means is a gland packing.

[0008] Inaccordance with this arrangement, since the
sealing means disposed between the working medium
supply pipe and the rotary valve is formed from a gland
packing, not only is the durability of the sealing means
against high temperature working medium increased,
but also it is possible to prevent axial movement of the
working medium supply pipe from being transmitted to
the rotary valve by allowing relative movement between
the working medium supply pipe and the rotary valve.
[0009] Moreover, in accordance with a third aspect of
the present invention, in addition to the second aspect,
there is proposed a rotary fluid machine wherein the ro-
tary fluid machine further includes working medium re-
covery means for recovering working medium that has
leaked past the sealing means.

[0010] Inaccordance with this arrangement, since the
working medium that has leaked past the sealing means
is recovered by the working medium recovery means,
the necessity for replenishing the working medium can
be minimized.

[0011] Furthermore, in accordance with a fourth as-
pect of the present invention, in addition to the third as-
pect, there is proposed a rotary fluid machine wherein
the working medium recovery means returns the recov-
ered working medium to a downstream side of the op-
erating part.

[0012] Inaccordance with this arrangement, since the
working medium that has leaked past the sealing means
is returned to the downstream side of the operating part
via the working medium recovery means, it is possible
to prevent the recovered working medium from affecting
the performance of the operating part.

[0013] Afirst axial piston cylinder group 49 and a sec-
ond axial piston cylinder group 57 of an embodiment
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correspond to the operating part of the present inven-
tion, a steam supply pipe 77 of the embodiment corre-
sponds to the working medium supply pipe of the
present invention, and a spring case 94 and a steam
recovery passage 18e correspond to the working medi-
um recovery means of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1to FIG. 13 illustrate one 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 an enlarged view of part 3 in FIG. 1,
FIG. 4 is an enlarged sectional view of part 4 in FIG. 1
(sectional view along line 4-4 in FIG. 8), FIG. 5is a view
from arrowed line 5-5 in FIG. 4, FIG. 6 is a view from
arrowed line 6-6 in FIG. 4, 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 a sectional view along line
9-9in FIG. 4, FIG. 10 is a graph showing torque varia-
tions of an output shaft, FIG. 11 is an explanatory dia-
gram showing the operation of an intake system of a
high-pressure stage, FIG. 12 is an explanatory diagram
showing the operation of a discharge system of the high-
pressure stage and an intake system of a low-pressure
stage, and FIG. 13 is an explanatory diagram showing
the operation of a discharge system of the low-pressure
stage.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] An embodiment of the present invention is ex-
plained below with reference to the attached drawings.
[0016] AsshowninFIG. 1toFIG. 3, a rotary fluid ma-
chine of the present invention is, for example, an ex-
pander M used in a Rankine cycle system, and the ther-
mal energy and the pressure energy of high-tempera-
ture, high-pressure steam as a working medium are
converted into mechanical energy and output. A casing
11 of the expander M is formed from a casing main body
12, a front cover 15 fitted via a seal 13 in a front opening
of the casing main body 12 and joined thereto via a plu-
rality of bolts 14, and a rear cover 18 fitted via a seal 16
in a rear opening of the casing main body 12 and joined
thereto via a plurality of bolts 17. An oil pan 19 abuts
against a lower opening of the casing main body 12 via
a seal 20 and is joined thereto via a plurality of bolts 21.
Furthermore, a breather chamber dividing wall 23 is su-
perimposed on an upper face of the casing main body
12, a breather chamber cover 25 is further superim-
posed on an upper face of the breather chamber dividing
wall 23, and they are together secured to the casing
main body 12 by means of a plurality of bolts 26.

[0017] A rotor 27 and an output shaft 28 that can ro-
tate around an axis L extending in the fore-and-aft di-
rection in the center of the casing 11 are united by weld-
ing. A rear part of the rotor 27 is rotatably supported in
the casing main body 12 via an angular ball bearing 29
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and a seal 30, and a front part of the output shaft 28 is
rotatably supported in the front cover 15 via an angular
ball bearing 31 and a seal 32. A swash plate holder 36
is fitted via two seals 33 and 34 and a knock pin 35in a
rear face of the front cover 15 and fixed thereto via a
plurality of bolts 37, and a swash plate 39 is rotatably
supported in the swash plate holder 36 via an angular
ball bearing 38. The axis of the swash plate 39 is inclined
relative to the axis L of the rotor 27 and the output shaft
28, and the angle of inclination is fixed.

[0018] Seven sleeves 41 formed from members that
are separate from the rotor 27 are arranged within the
rotor 27 so as to surround the axis L at equal intervals
in the circumferential direction. High-pressure pistons
43 are slidably fitted in high-pressure cylinders 42
formed at inner peripheries of the sleeves 41, which are
supported by sleeve support bores 27a of the rotor 27.
Hemispherical parts of the high-pressure pistons 43 pro-
jecting forward from forward end openings of the high-
pressure cylinders 42 abut against seven dimples 39a
recessed in a rear face of the swash plate 39. Heat re-
sistant metal seals 44 are fitted between the rear ends
of the sleeves 41 and the sleeve support bores 27a of
the rotor 27, and a single set plate 45 retaining the front
ends of the sleeves 41 in this state is fixed to a front face
of the rotor 27 by means of a plurality of bolts 46. The
sleeve support bores 27a have a slightly larger diameter
in the vicinity of their bases, thus forming a gap o (see
FIG. 3) between themselves and the outer peripheries
of the sleeves 41.

[0019] The high-pressure pistons 43 include pressure
rings 47 and oil rings 48 for sealing the sliding surfaces
with the high-pressure cylinders 42, and the sliding
range of the pressure rings 47 and the sliding range of
the oil rings 48 are set so as not to overlap each other.
When the high-pressure pistons 43 are inserted into the
high-pressure cylinders 42, in order to make the pres-
sure rings 47 and the oil rings 48 engage smoothly with
the high-pressure cylinders 42, tapered openings 45a
widening toward the front are formed in the set plate 45.
[0020] As hereinbefore described, since the sliding
range of the pressure rings 47 and the sliding range of
the oil rings 48 are set so as not to overlap each other,
oil attached to the inner walls of the high-pressure cyl-
inders 42 against which the oil rings 48 slide will not be
taken into high-pressure operating chambers 82 due to
sliding of the pressure rings 47, thereby reliably prevent-
ing the oil from contaminating the steam. In particular,
the high-pressure pistons 43 have a slightly smaller di-
ameter part between the pressure rings 47 and the oil
rings 48 (see FIG. 3), thereby preventing effectively the
oil attached to the sliding surfaces of the oil rings 48 from
moving to the sliding surfaces of the pressure rings 47.
[0021] Since the high-pressure cylinders 42 are
formed by fitting the seven sleeves 41 in the sleeve sup-
port bores 27a of the rotor 27, a material having excel-
lent thermal conductivity, heat resistance, abrasion re-
sistance, strength, etc. can be selected for the sleeves
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41. This not only improves the performance and the re-
liability, but also machining becomes easy compared
with a case in which the high-pressure cylinders 42 are
directly machined in the rotor 27, and the machining pre-
cision also increases. When any one of the sleeves 41
is worn or damaged, it is possible to exchange only the
sleeve 41 with an abnormality, without exchanging the
entire rotor 27, and this is economical.

[0022] Furthermore, since the gap o is formed be-
tween the outer periphery of the sleeves 41 and the rotor
27 by slightly enlarging the diameter of the sleeve sup-
port bores 27a in the vicinity of the base, even when the
rotor 27 is thermally deformed by the high-temperature,
high-pressure steam supplied to the high-pressure op-
erating chambers 82, this is prevented from affecting the
sleeves 41, thereby preventing the high-pressure cylin-
ders 42 from distorting.

[0023] The seven high-pressure cylinders 42 and the
seven high-pressure pistons 43 fitted therein form a first
axial piston cylinder group 49.

[0024] Seven low-pressure cylinders 50 are arranged
at circumferentially equal intervals on the outer periph-
eral part of the rotor 27 so as to surround the axis L and
the radially outer side of the high-pressure cylinders 42.
These low-pressure cylinders 50 have a larger diameter
than that of the high-pressure cylinders 42, and the pitch
at which the low-pressure cylinders 50 are arranged in
the circumferential direction is displaced by half a pitch
relative to the pitch at which the high-pressure cylinders
42 are arranged in the circumferential direction. This
makes it possible for the high-pressure cylinders 42 to
be arranged in spaces formed between adjacent low-
pressure cylinders 50, thus utilizing the spaces effec-
tively and contributing to a reduction in the diameter of
the rotor 27.

[0025] The seven low-pressure cylinders 50 have
low-pressure pistons 51 slidably fitted thereinto, and
these low-pressure pistons 51 are connected to the
swash plate 39 via links 52. That is, spherical parts 52a
at the front end of the links 52 are swingably supported
in spherical bearings 54 fixed to the swash plate 39 via
nuts 53, and spherical parts 52b at the rear end of the
links 52 are swingably supported in spherical bearings
56 fixed to the low-pressure pistons 51 by clips 55. A
pressure ring 78 and an oil ring 79 are fitted around the
outer periphery of each of the low-pressure pistons 51
in the vicinity of the top face thereof so as to adjoin each
other. Since the sliding ranges of the pressure ring 78
and the oil ring 79 overlap each other, an oil film is
formed on the sliding surface of the pressure ring 78,
thus enhancing the sealing characteristics and the lubri-
cation.

[0026] The seven low-pressure cylinders 50 and the
seven low-pressure pistons 44 fitted therein form a sec-
ond axial piston cylinder group 57.

[0027] As hereinbefore described, since the front
ends of the high-pressure pistons 43 of the first axial
piston cylinder group 49 are made in the form of hemi-
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spheres and are made to abut against the dimples 39a
formed in the swash plate 39, it is unnecessary to con-
nect the high-pressure pistons 43 to the swash plate 39
mechanically, thus reducing the number of parts and im-
proving the ease of assembly. On the other hand, the
low-pressure pistons 51 of the second axial piston cyl-
inder group 57 are connected to the swash plate 39 via
the links 52 and the front and rear spherical bearings 54
and 56, and even when the temperature and the pres-
sure of medium-temperature, medium-pressure steam
supplied to the second axial piston cylinder group 57 be-
come insufficient and the pressure of low-pressure op-
erating chambers 84 becomes negative, there is no pos-
sibility of the low-pressure pistons 51 becoming de-
tached from the swash plate 39 and causing knocking
or damage.

[0028] Furthermore, when the swash plate 39 is se-
cured to the front cover 15 via the bolts 37, changing the
phase at which the swash plate 39 is secured around
the axis L enables the timing of supply and discharge of
the steam to and from the first axial piston cylinder group
49 and the second axial piston cylinder group 57 to be
shifted, thereby altering the output characteristics of the
expander M.

[0029] Moreover, since the rotor 27 and the output
shaft 28, which are united, are supported respectively
by the angular ball bearing 29 provided on the casing
main body 12 and the angular ball bearing 31 provided
on the front cover 15, by adjusting the thickness of a
shim 58 disposed between the casing main body 12 and
the angular ball bearing 29 and the thickness of a shim
59 disposed between the front cover 15 and the angular
ball bearing 31, the longitudinal position of the rotor 27
along the axis L can be adjusted. By adjusting the posi-
tion of the rotor 27 in the axis L direction, the relative
positional relationship in the axis L direction between
the high-pressure and low-pressure pistons 43 and 51
guided by the swash plate 39, and the high-pressure
and low-pressure cylinders 42 and 50 provided in the
rotor 27 can be changed, thereby adjusting the expan-
sion ratio of the steam in the high-pressure and low-
pressure operating chambers 82 and 84.

[0030] If the swash plate holder 36 supporting the
swash plate 39 were formed integrally with the front cov-
er 15, it would be difficult to secure a space for attaching
and detaching the angular ball bearing 31 or the shim
59 to and from the front cover 15, but since the swash
plate holder 36 is made detachable from the front cover
15, the above-mentioned problem can be eliminated.
Moreover, if the swash plate holder 36 were integral with
the front cover 15, during assembly and disassembly of
the expander M it would be necessary to carry out cum-
bersome operations of connecting and disconnecting
the seven links 52, which are in a confined space within
the casing 11, to and from the swash plate 39 pre-as-
sembled to the front cover 15, but since the swash plate
holder 36 is made detachable from the front cover 15, it
becomes possible to form a sub-assembly by assem-
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bling the swash plate 39 and the swash plate holder 36
to the rotor 27 in advance, thereby greatly improving the
ease of assembly.

[0031] Systems for supply and discharge of steam to
and from the first axial piston cylinder group 49 and the
second axial piston cylinder group 57 are now explained
with reference to FIG. 4 to FIG. 9.

[0032] AsshowninFIG. 4, arotary valve 61 is housed
in a circular cross-section recess 27b opening on a rear
end face of the rotor 27 and a circular cross-section re-
cess 18a opening on a front face of the rear cover 18.
The rotary valve 61, which is disposed along the axis L,
includes a rotary valve main body 62, a stationary valve
plate 63, and a movable valve plate 64. The movable
valve plate 64 is fixed to the rotor 27 via a knock pin 66
and a bolt 67 while being fitted to the base of the recess
27b of the rotor 27 via a gasket 65. The stationary valve
plate 63, which abuts against the movable valve plate
64 via flat sliding surfaces 68, is joined via a knock pin
69 to the rotary valve main body 62 so that there is no
relative rotation therebetween. When the rotor 27 ro-
tates, the movable valve plate 64 and the stationary
valve plate 63 therefore rotate relative to each other on
the sliding surfaces 68 in a state in which they are in
intimate contact with each other. The stationary valve
plate 63 and the movable valve plate 64 are made of a
material having excellent durability, such as a super
hard alloy or a ceramic, and the sliding surfaces 68 can
be provided with or coated with a member having heat
resistance, lubrication, corrosion resistance, and abra-
sion resistance.

[0033] The rotary valve main body 62 is a stepped cy-
lindrical member having a large diameter part 62a, a me-
dium diameter part 62b, and a small diameter part 62c;
an annular sliding member 70 fitted around the outer pe-
riphery of the large diameter part 62a is slidably fitted in
the recess 27b of the rotor 27 via a cylindrical sliding
surface 71, the medium diameter part 62b and the small
diameter part 62c are fitted in an inner periphery 18a of
the rear cover 18 via seals 72 and 73, and a cylindrical
part 62e extending from the small diameter part 62c fur-
ther extends to the interior of a spring case 94 fixed to
a rear face of the rear cover 18 via bolts 93. The sliding
member 70 is made of a material having excellent du-
rability, such as a super hard alloy or a ceramic. A knock
pin 74 implanted in the outer periphery of the rotary
valve main body 62 engages with a long hole 18b
formed in the recess 18a of the rear cover 18 in the axis
L direction, and the rotary valve main body 62 is there-
fore supported so that it can move in the axis L direction
but cannot rotate relative to the rear cover 18.

[0034] A plurality of preload springs 75 are supported
within the spring case 94 so as to surround the axis L,
and a spring seat 95 receiving front ends of these
preload springs 75 abuts against a step 62d between
the cylindrical part 62e and the small diameter part 62c.
The rotary valve main body 62 having the step 62d
pushed by the preload springs 75 is therefore biased
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forward so that the sliding surfaces 68 of the stationary
valve plate 63 and the movable valve plate 64 are made
to come into intimate contact with each other. A steam
supply pipe 77 having a heat-insulating space 77ain the
interior thereof is fixed to the spring case 94 by a nut 96
so as to be positioned on the axis L. The steam supply
pipe 77 is loosely inserted into the inner periphery 62f
of the cylindrical part 62e and the small diameter part
62c of the rotary valve main body 62, and a tapered front
end of the steam supply pipe 77 faces an entrance end
of afirst steam passage P1 across a gap, the first steam
passage P1 being formed in the interior of the small di-
ameter part 62c of the rotary valve main body 62.
[0035] A plurality of annular sealing means 97 are dis-
posed between the outer periphery of the steam supply
pipe 77 and the inner periphery 62f of the cylindrical part
62e and the small diameter part 62c of the rotary valve
main body 62, and the rear end of the annular sealing
means 97 is fixed by a retaining member 98 screwed
into the inner periphery 62f. The sealing means 97 is a
gland packing formed from a material having excellent
heat resistance such as, for example, an inorganic fiber
such as expanded graphite carbon fiber, carbon fiber,
or a metal fiber, or an organic fiber such as a fluorine
resin fiber or an aramid fiber, and can be elastically de-
formed easily by an external force, thus allowing relative
movement between the rotary valve main body 62 and
the steam supply pipe 77.

[0036] The back of the sealing means 97 communi-
cates with an internal space of the spring case 94, and
the internal space of the spring case 94 communicates
with a steam discharge chamber 90 via a steam recov-
ery passage 18e running through the cover 18.

[0037] A high-pressure stage steam intake route for
supplying high-temperature, high-pressure steam to the
first axial piston cylinder group 49 is shown in FIG. 11
by a mesh pattern. As is clear from FIG. 11 together with
FIG. 5 to FIG. 9, the first steam passage P1 having its
upstream end communicating with a pressure chamber
76, to which the high-temperature, high-pressure steam
is supplied from the steam supply pipe 77, runs through
the rotary valve main body 62, opens on the surface at
which the rotary valve main body 62 is joined to the sta-
tionary valve plate 63, and communicates with a second
steam passage P2 running through the stationary valve
plate 63. In order to prevent the steam from leaking past
the surface of the rotary valve main body 62 which joins
the stationary valve plate 63, the joining surface is
equipped with a seal 81 (see FIG. 7 and FIG. 11), which
seals the outer periphery of a connecting part between
the first and second steam passages P1 and P2.
[0038] Seven third steam passages P3 (see FIG. 5)
and seven fourth steam passages P4 are formed re-
spectively in the movable valve plate 64 and the rotor
27 at circumferentially equal intervals, and the down-
stream ends of the fourth steam passages P4 commu-
nicate with the seven high-pressure operating cham-
bers 82 defined between the high-pressure cylinders 42
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and the high-pressure pistons 43 of the first axial piston
cylinder group 49. As is clear from FIG. 6, an opening
of the second steam passage P2 formed in the station-
ary valve plate 63 does not open evenly to the front and
rear of the top dead center (TDC) of the high-pressure
pistons 43, but opens displaced slightly forward in the
direction of rotation of the rotor 27, which is shown by
the arrow R. This enables as long an expansion period
as possible, that is, a sufficient expansion ratio, to be
maintained, negative work, which would be generated
if the opening were set evenly to the front and rear of
the TDC, to be minimized and, moreover, the expanded
steam remaining in the high-pressure operating cham-
bers 82 to be reduced, thus providing sufficient output
(efficiency).

[0039] A high-pressure stage steam discharge route
and a low-pressure stage steam intake route for dis-
charging medium-temperature, medium-pressure
steam from the first axial piston cylinder group 49 and
supplying it to the second axial piston cylinder group 57
are shown in FIG. 12 by a mesh pattern. As is clear from
FIG. 12 together with FIG. 5 to FIG. 8, an arc-shaped
fifth steam passage P5 (see FIG. 6) opens on a front
face of the stationary valve plate 63, and this fifth steam
passage P5 communicates with a circular sixth steam
passage P6 (see FIG. 7) opening on a rear face of the
stationary valve plate 63. The fifth steam passage P5
opens from a position displaced slightly forward in the
direction of rotation of the rotor 27, which is shown by
the arrow R, relative to the bottom dead center (BDC)
of the high-pressure pistons 43 to a position displaced
slightly backward in the rotational direction relative to
the TDC. This enables the third steam passages P3 of
the movable valve plate 64 to communicate with the fifth
steam passage P5 of the stationary valve plate 63 over
an angular range that starts from the BDC and does not
overlap the second steam passage P2 (preferably, im-
mediately before overlapping the second steam pas-
sage P2), and in this range the steam is discharged from
the third steam passages P3 to the fifth steam passage
P5.

[0040] Formed in the rotary valve main body 62 are a
seventh steam passage P7 extending in the axis L di-
rection and an eighth steam passage P8 extending in a
substantially radial direction. The upstream end of the
seventh steam passage P7 communicates with the
downstream end of the sixth steam passage P6. The
downstream end of the eighth steam passage P8 com-
municates with a tenth steam passage P10 running ra-
dially through the sliding member 70 via a ninth steam
passage P9 within a coupling member 83 disposed so
as to straddle the rotary valve main body 62 and the slid-
ing member 70. The tenth steam passage P10 commu-
nicates with the seven low-pressure operating cham-
bers 84 defined between the low-pressure cylinders 50
and the low-pressure pistons 41 of the second axial pis-
ton cylinder group 57 via seven eleventh steam passag-
es P11 formed radially in the rotor 27.
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[0041] Inorder to prevent the steam from leaking past
the joining surfaces of the rotary valve main body 62 and
the stationary valve plate 63, the outer periphery of a
part where the sixth and seventh steam passages P6
and P7 are connected is sealed by equipping the joining
surfaces with a seal 85 (see FIG. 7 and FIG. 12). Two
seals 86 and 87 are disposed between the inner periph-
ery of the sliding member 70 and the rotary valve main
body 62, and a seal 88 is disposed between the outer
periphery of the coupling member 83 and the sliding
member 70.

[0042] The interiors of the rotor 27 and the output
shaft 28 are hollowed out to define a pressure regulating
chamber 89, and this pressure regulating chamber 89
communicates with the eighth steam passage P8 via a
twelfth steam passage P12 and a thirteenth steam pas-
sage P13 formed in the rotary valve main body 62, a
fourteenth steam passage P14 formed in the stationary
valve plate 63, and a fifteenth steam passage P15 run-
ning through the interior of the bolt 67. The pressure of
the medium-temperature, medium-pressure steam dis-
charged from the seven third steam passages P3 into
the fifth steam passage P5 pulsates seven times per
revolution of the rotor 27, but since the eighth steam
passage P8, which is partway along the supply of the
medium-temperature, medium-pressure steam to the
second axial piston cylinder group 57, is connected to
the pressure regulating chamber 89, the pressure pul-
sations are damped, steam at a constant pressure is
supplied to the second axial piston cylinder group 57,
and the efficiency with which the low-pressure operating
chambers 84 are charged with the steam can be en-
hanced.

[0043] Since the pressure regulating chamber 89 is
formed by utilizing dead spaces in the centers of the ro-
tor 27 and the output shaft 28, the dimensions of the
expander M are not increased, the hollowing out brings
about a weight reduction effect and, moreover, since the
cuter periphery of the pressure regulating chamber 89
is surrounded by the first axial piston cylinder group 49,
which is operated by the high-temperature, high-pres-
sure steam, there is no resultant heat loss in the medi-
um-temperature, medium-pressure steam supplied to
the second axial piston cylinder group 57. Furthermore,
when the temperature of the center of the rotor 27, which
is surrounded by the first axial piston cylinder group 49,
increases, the rotor 27 can be cooled by the medium-
temperature, medium-pressure steam in the pressure
regulating chamber 89, and the resulting heated medi-
um-temperature, medium-pressure steam enables the
output of the second axial piston cylinder group 57 to be
increased.

[0044] A steam discharge route for discharging the
low-temperature, low-pressure steam from the second
axial piston cylinder group 57 is shown in FIG. 13 by a
mesh pattern. As is clear from reference to FIG. 13 to-
gether with FIG. 8 and FIG. 9, an arc-shaped sixteenth
steam passage P16 that can communicate with the sev-
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en eleventh steam passages P11 formed in the rotor 27
is cut out in the sliding surface 71 of the sliding member
70. This sixteenth steam passage P16 communicates
with a seventeenth steam passage P17 that is cut out
in an arc-shape in the outer periphery of the rotary valve
main body 62. The sixteenth steam passage P16 opens
from a position displaced slightly forward in the direction
of rotation of the rotor 27, which is shown by the arrow
R, relative to the BDC of the low-pressure pistons 51 to
a position displaced rotationally slightly backward rela-
tive to the TDC. This allows the eleventh steam passag-
es P11 of the rotor 27 to communicate with the sixteenth
steam passage P16 of the sliding member 70 over an
angular range that starts from the BDC and does not
overlap the tenth steam passage P10 (preferably, im-
mediately before overlapping the tenth steam passage
P10), and in this range the steam is discharged from the
eleventh steam passages P11 to the sixteenth steam
passage P16.

[0045] The seventeenth steam passage P17 further
communicates with the steam discharge chamber 90
formed between the rotary valve main body 62 and the
rear cover 18 via an eighteenth steam passage P18 to
a twentieth steam passage P20 formed within the rotary
valve main body 62 and a cutout 18d of the rear cover
18, and this steam discharge chamber 90 communi-
cates with a steam discharge hole 18c formed in the rear
cover 18.

[0046] As hereinbefore described, since the supply
and discharge of the steam to and from the first axial
piston cylinder group 49 and the supply and discharge
of the steam to and from the second axial piston cylinder
group 57 are controlled by the common rotary valve 61,
in comparison with a case in which separate rotary
valves are used for each the dimensions of the expander
M can be reduced. Moreover, since a valve for supplying
the high-temperature, high-pressure steam to the first
axial piston cylinder group 49 is formed on the flat sliding
surface 68 on the front end of the stationary valve plate
63, which is integral with the rotary valve main body 62,
it is possible to prevent effectively the high-temperature,
high-pressure steam from leaking. This is because the
flat sliding surface 68 can be machined easily with high
precision, and control of clearance is easier than for a
cylindrical sliding surface.

[0047] In particular, since the plurality of preload
springs 75 apply a preset load to the rotary valve main
body 62 and bias it forward in the axis L direction, a sur-
face pressure is generated on the sliding surfaces 68
between the stationary valve plate 63 and the movable
valve plate 64, and it is thus possible to prevent effec-
tively the steam from leaking past the sliding surfaces
68. Furthermore, even when the steam supply pipe 77
is moved in the axis L direction due to vibration, etc., the
movement is absorbed by the sealing means 97, which
is a gland packing, and will not be transmitted to the ro-
tary valve main body 62. It is therefore possible to en-
sure the intimacy of contact between the sliding surfac-

10

15

20

25

30

35

40

45

50

55

es 68 of the stationary valve plate 63 and the movable
valve plate 64, thus enabling the supply and discharge
of steam to be carried out reliably.

[0048] Because of the properties of the sealing means
97, which is a gland packing, there is inevitably a small
amount of leakage of steam, and the steam passing
through the sealing means 97 is discharged into the
steam discharge chamber 90 via the internal space of
the spring case 94 and the steam recovery passage
18e. In this way, recovering the steam that has leaked
past the sealing means 97 enables loss of the working
medium from the closed circuit of the Rankine cycle sys-
tem to be prevented, and the necessity for replenishing
the working medium can be minimized. Moreover, since
low temperature, low pressure steam that has leaked
past the sealing means 97 is recovered on the down-
stream side of the first axial piston cylinder group 49 and
the second axial piston cylinder group 57, it is possible
to prevent the output of the expander M from being de-
creased by this steam.

[0049] Although a valve for supplying the medium-
temperature, medium-pressure steam to the second ax-
ial piston cylinder group 57 is formed on the cylindrical
sliding surface 71 on the outer periphery of the rotary
valve main body 62, since the pressure of the medium-
temperature, medium-pressure steam passing through
the valve is lower than the pressure of the high-temper-
ature, high-pressure steam, the leakage of the steam
can be suppressed to a practically acceptable level by
maintaining a predetermined clearance without gener-
ating a surface pressure on the sliding surface 71.
[0050] Furthermore, since the first steam passage P1
through which the high-temperature, high-pressure
steam passes, the seventh steam passage P7 and the
eighth steam passage P8 through which the medium-
temperature, medium-pressure steam passes, and the
seventeenth steam passage P17 to the twentieth steam
passage P20 through which the low-temperature, low-
pressure steam passes are collectively formed within
the rotary valve main body 62, not only can the steam
temperature be prevented from dropping, but also the
parts (for example, the seal 81) sealing the high-tem-
perature, high-pressure steam can be cooled by the low-
temperature, low-pressure steam, thus improving the
durability.

[0051] Moreover, since the rotary valve 61 can be at-
tached to and detached 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 temperature of the
rotary valve 61 through which the high-temperature,
high-pressure steam passes becomes high, since the
swash plate 39 and the output shaft 28, where lubrica-
tion by oil is required, are disposed on the opposite side
to the rotary valve 61 relative to the rotor 27, the oil is
prevented from being heated by the heat of the rotary
valve 61 whenitis at high temperature, which would de-



13 EP 1 469 162 A1 14

grade the performance in lubricating the swash plate 39
and the output shaft 28. Moreover, the oil can exhibit a
function of cooling the rotary valve 61, thus preventing
overheating.

[0052] The operation of the expander M of the present
embodiment having the above-mentioned arrangement
is now explained.

[0053] As shown in FIG. 11, high-temperature, high-
pressure steam generated by heating water in an evap-
orator is supplied to the pressure chamber 76 of the ex-
pander M via the steam supply pipe 77, and reaches the
sliding surface 68 with the movable valve plate 64 via
the first steam passage P1 formed in the rotary valve
main body 62 of the rotary valve 61 and the second
steam passage P2 formed in the stationary valve plate
63 integral with the rotary valve main body 62. The sec-
ond steam passage P2 opening on the sliding surface
68 communicates momentarily with the third steam pas-
sage P3 formed in the movable valve plate 64 rotating
integrally with the rotor 27, and the high-temperature,
high-pressure steam is supplied, via the fourth steam
passage P4 formed in the rotor 27, from the third steam
passage P3 to, among the seven high-pressure operat-
ing chambers 82 of the first axial piston cylinder group
49, the high-pressure operating chamber 82 that is
present at the top dead center.

[0054] 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 27, the
high-temperature, high-pressure steam expands within
the high-pressure operating chamber 82 and causes the
high-pressure piston 43 fitted in the high-pressure cyl-
inder 42 of the sleeve 41 to be pushed forward from top
dead center toward bottom dead center, and the front
end of the high-pressure piston 43 presses against the
dimple 39a of the swash plate 39. As a result, the reac-
tion force that the high-pressure piston 43 receives from
the swash plate 39 gives a rotational torque to the rotor
27. For each one seventh of a revolution of the rotor 27,
the high-temperature, high-pressure steam is supplied
into a fresh high-pressure operating chamber 82, thus
continuously rotating the rotor 27.

[0055] As shown in FIG. 12, while the high-pressure
piston 43, having reached bottom dead center accom-
panying rotation of the rotor 27, retreats toward top dead
center, the medium-temperature, medium-pressure
steam pushed out of the high-pressure operating cham-
ber 82 is supplied to the eleventh steam passage P11
communicating with the low-pressure operating cham-
ber 84 that, among the low-pressure operating cham-
bers 84 of the second axial piston cylinder group 57, has
reached top dead center accompanying rotation of the
rotor 27, via the fourth steam passage P4 of the rotor
27, the third steam passage P3 of the movable valve
plate 64, the sliding surface 68, the fifth steam passage
P5 and the sixth steam passage P6 of the stationary
valve plate 63, the seventh steam passage P7 to the
tenth steam passage P10 of the rotary valve main body
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62, and the sliding surface 71. Since the medium-tem-
perature, medium-pressure steam supplied to the low-
pressure operating chamber 84 expands within the low-
pressure operating chamber 84 even after the commu-
nication between the tenth steam passage P10 and the
eleventh steam passage P11 is blocked, the low-pres-
sure piston 51 fitted in the low-pressure cylinder 50 is
pushed forward from top dead center toward bottom
dead center, and the link 52 connected to the low-pres-
sure piston 51 presses against the swash plate 39. As
a result, the pressure force of the low-pressure piston
51 is converted into a rotational force of the swash plate
39 via the link 52, and this rotational force transmits a
rotational torque from the high-pressure piston 43 to the
rotor 27 via the dimple 39a of the swash plate 39. That
is, the rotational torque is transmitted to the rotor 27,
which rotates synchronously with the swash plate 39. In
order to prevent the low-pressure piston 51 from becom-
ing detached from the swash plate 39 when a negative
pressure is generated during the expansion stroke, the
link 52 carries out the function of maintaining a connec-
tion between the low-pressure piston 51 and the swash
plate 39, and it is arranged that the rotational torque due
to the expansion is transmitted from the high-pressure
piston 43 to the rotor 27 rotating synchronously with the
swash plate 39 via the dimples 39a of the swash plate
39 as described above. For each one seventh of a rev-
olution of the rotor 27, the medium-temperature, medi-
um-pressure steam is supplied into a fresh low-pressure
operating chamber 84, thus continuously rotating the ro-
tor 27.

[0056] During this process, as described above, the
pressure of the medium-temperature, medium-pressure
steam discharged from the high-pressure operating
chambers 82 of the first axial piston cylinder group 49
pulsates seven times for each revolution of the rotor 27,
but by damping these pulsations by the pressure regu-
lating chamber 89 steam at a constant pressure can be
supplied to the second axial piston cylinder group 57,
thereby enhancing the efficiency with which the low-
pressure operating chambers 84 are charged with the
steam.

[0057] As shown in FIG. 13, while the low-pressure
piston 51, having reached bottom dead center accom-
panying rotation of the rotor 27, retreats toward top dead
center, the low-temperature, low-pressure steam
pushed out of the low-pressure operating chamber 84
is discharged into the steam discharge chamber 90 via
the eleventh steam passage P11 of the rotor 27, the slid-
ing surface 71, the sixteenth steam passage P16 of the
sliding member 70, and the seventeenth steam passage
P17 to the twentieth steam passage P20 of the rotary
valve main body 62, and supplied therefrom into a con-
denser via the steam discharge hole 18c.

[0058] When the expander M operates as described
above, since the seven high-pressure pistons 43 of the
first axial piston cylinder group 49 and the seven low-
pressure pistons 51 of the second axial piston cylinder
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group 57 are connected to the common swash plate 39,
the outputs of the first and second axial piston cylinder
groups 49 and 57 can be combined to drive the output
shaft 28, thereby achieving a high output while reducing
the dimensions of the expander M. During this process,
since the seven high-pressure pistons 43 of the first ax-
ial piston cylinder group 49 and the seven high-pressure
pistons 51 of the second axial piston cylinder group 57
are displaced by half a pitch in the circumferential direc-
tion, as shown in FIG. 10, pulsations in the output torque
of the first axial piston cylinder group 49 and pulsations
in the output torque of the second axial piston cylinder
group 57 are counterbalanced, thus making the output
torque of the output shaft 28 flat.

[0059] Furthermore, although axial type rotary fluid
machines characteristically have a high space efficiency
compared with radial type rotary fluid machines, by ar-
ranging two stages in the radial direction the space ef-
ficiency can be further enhanced. In particular, since the
cylinders of the first axial piston cylinder group 49, which
are required to have only a small diameter because they
are operated by high-pressure steam having a small vol-
ume, are arranged on the radially inner side, and the
cylinders of the second axial piston cylinder group 57,
which are required to have a large diameter because
they are operated by low-pressure steam having a large
volume, are arranged on the radially outer side, the
space can be utilized effectively, thus making the ex-
pander M still smaller. Moreover, since the cylinders 42
and 50 and the pistons 43 and 51 that are used have
circular cross sections, which enables machining to be
carried out with high precision, the amount of steam
leakage can be reduced in comparison with a case in
which vanes are used, and a yet higher output can thus
be anticipated.

[0060] Furthermore, since the first axial piston cylin-
der group 49, which is operated by high-temperature
steam, is arranged on the radially inner side, and the
second axial piston cylinder group 57, which is operated
by low-temperature steam, is arranged on the radially
outer side, the difference in temperature between the
second axial piston cylinder group 57 and the outside of
the casing 11 can be minimized, the amount of heat re-
leased outside the casing 11 can be minimized, and the
efficiency of the expander M can be enhanced. Moreo-
ver, since the heat escaping from the high-temperature
first axial piston cylinder group 49 on the radially inner
side can be recovered by the low-temperature second
axial piston cylinder group 57 on the radially outer side,
the efficiency of the expander M can be further en-
hanced.

[0061] Moreover, when viewed from an angle perpen-
dicular to the axis L, since the rear end of the first axial
piston cylinder group 49 is positioned forward relative to
the rear end of the second axial piston cylinder group
57, the heat escaping rearward in the axis L direction
from the first axial piston cylinder group 49 can be re-
covered by the second axial piston cylinder group 57,
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and the efficiency of the expander M can be yet further
enhanced. Furthermore, since the sliding surfaces 68
on the high-pressure side is present deeper within the
recess 27b of the rotor 27 than the sliding surfaces 71
on the low-pressure side, the difference in pressure be-
tween the outside of the casing 11 and the sliding sur-
faces 71 on the low-pressure side can be minimized, the
amount of leakage of steam past the sliding surfaces 71
on the low-pressure side can be reduced and, moreover,
the pressure of steam leaking past the sliding surfaces
68 on the high-pressure side can be recovered by the
sliding surfaces 71 on the low-pressure side and utilized
effectively.

[0062] Although an embodiment of the present inven-
tion is explained above, the present invention can be
modified in a variety of ways without departing from the
spirit and scope thereof.

[0063] For example, the operating part of the present
invention is not limited to the axial piston cylinder groups
of the embodiment, and a radial piston cylinder type or
a vane type may be employed.

INDUSTRIAL APPLICABILITY

[0064] The rotary fluid machine of the present inven-
tion can be applied suitably to an expander that employs
steam as a working medium, but it can also be applied
to a compressor that compresses a compressible fluid
such as air or a pump that feeds by pressure an incom-
pressible fluid such as oil or water.

Claims
1. A rrotary fluid machine comprising:

a casing (11);

a rotor (27) rotatably supported in the casing
(11);

an operating part (49, 57) provided in the rotor
(27); and

arotary valve (61) that is provided between the
casing (11) and the rotor (27) and controls the
intake and discharge of a working medium to
and from the operating part (49, 57) via sliding
surfaces (68) that are perpendicular to the axis
(L) of the rotor (27);

wherein a working medium supply pipe (77)
is provided separately from the rotary valve (61), the
working medium supply pipe being positioned on
the axis (L) of the rotor (27) and supplying the work-
ing medium to the rotary valve (61), and sealing
means (97) is disposed between the working medi-
um supply pipe (77) and the rotary valve (61), the
sealing means (97) having the function of prevent-
ing movement of the working medium supply pipe
(77) in the axial (L) direction of the rotor (27) from
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being transmitted to the rotary valve (61).

The rotary fluid machine according to Claim 1,
wherein the sealing means (97) is a gland packing.

The rotary fluid machine according to Claim 2,
wherein the rotary fluid machine further comprises
working medium recovery means (94, 18e) for re-
covering working medium that has leaked past the
sealing means (97).

The rotary fluid machine according to Claim 3,
wherein the working medium recovery means (94,
18e) returns the recovered working medium to a
downstream side of the operating part (49, 57).

10

20

25

30

35

40

45

50

55

10

18



EP 1 469 162 A1

_.N.:l‘”m..‘h......“ )

:.:_L_."\\\\\\\\J.\

- - 0

M2
i

i~ e
/v. 2S _ v 0§~

Ge | PEX =] 1G L9

» — - e o

6}
¢l gy

L
0eE2l g6 16

1



EP 1 469 162 A1

"ﬁ-un_Tnu.m n~u..um»-a-...“
\\ | it ~ g
\ " ‘J\_x _ p _ \
- = e \

/,4 // N\

% \MVW/I// T
N /{.\ nco.ot\\\w.ﬁyl'\. \»Ooo,\ﬂ\
s =

R e
. '@ﬁlml\\“ N
RO ETGANN
ee~} | UG
02/ gz 157 TR I 0z

12



EP 1 469 162 A1

FIG.3

o7
79 ob \L ///57
5
78\\ 2b 51 510 39

84 T A ALY A W W W i . VA AN 54
\J] % :' 53
22 21, 52ay _
56~Q XA N ' ¥ 45 38 36
55 — ¢
A 44 41
p1 1@ 3 o 46 A
>
e Yo T a3 R\
) 39a 28
NN \
| g BT 2702 48 L lisg 2
Pa44 4247894148 45a_,
27b“‘\ 2 NS /\1’\\{\/\\\\“lq
| N 7 X/
AN NGO :.' /
7
52b F 39a
NN 3
. / 53
1\ LA LSTS v \ 52 528 54
50 7879 >

13



EP 1 469 162 A1

cv

Ly
/2 .
7 \_
N\ |68}
/9
1JrARULS
Ly ‘
2y £ NUC
LY AR N
D81\ 2L
op mR oldN R b
V4 //:n_ pi 2000} 8l
sy 28 09 NN 06
lo_X N
16— pg  £° 8t

229

14



EP 1 469 162 A1

FIG.5

15



EP 1 469

FIG.6




FIG.7




P11

EP 1 469 162 A1

TOC  pyy

| TONR83
b 88
P9 P17
s A3
P_19_ P13/ B
>
aN|
,'\)/ < I N P7
P20 P18
P11
BDC 24

18






EP 1 469 162 A1

(Bap) I1ONV

0S¢ 00¢ 0S¢ 00¢ 0G| 001} 0S 0
i 1 I 1 I 0 T
'h)" .0)’ Ol)oo hl)vo ../‘ ../O Q./O
SN SN SN LN N SN N
S VAR (W AR W A WA \ N A N A
&./ \V.”»/ .Nr/ \ .Q/ \ .0./ \ R \ ‘.M>/ \m_
.\ ! / / \ \ \ / /
//\\ //L\ //l\ //\\ //\\ //s\ //L\ -

3NDYHOL FHNSSIHA-MOT e e —
3NOHOL FHNSSIHd-HOIH = = =~ = =
3NDHOL TV1OlL

01Ol

20



EP 1 469 162 A1

v8

56 //“/// at

v6
|3XV.LNI 3DV.LS FHNSSIHG-HOIH]

21



EP 1 469 162 A1

v8

96

VA A AR SR A A A A L

AN ) \R \
Lok

A A A,

AL

¢l Old

v6

N6 //\7///

wv_<._.2_mmu<._.wmm_3mwmmn_->>0._
39HVYHOSIA 3OVIS FHNSSIHd-HOIH

22



EP 1 469 162 A1

YA,
N
;
68
7, / ) = )
(20 | I\ Ap—— 86
28 AN
5

8 | l2 g\

|3DHVYHOSIA 3DVLS IHNSSIHd-MOT]

Lol

23



EP 1 469 162 A1

International application No.

PCT/JP03/00332

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATIER
Int.cl’ F01B31/30, F01B3/02

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.cl’” F01B3/02, F03C1/06

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1926-~1996 Toroku Jitsuyo Shinan Kocho  1994-2003
Kokai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho  1996-2003

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 4805516 A (CKD Corp.), 1-4
21 February, 1989 (21.02.89),
Fig. 1
& JP 63-071501 A & GB 2195150 A
& DE 3730655 A
Y JP 61-155610 U (Mitsubishi Heavy Industries, 1-4
Ltd.),
26 September, 1986 (26.09.86),
Fig. 2
(Family: none)
Y JP 02-252978 A (Nippondenso Co., Ltd.), 3,4
11 October, 1990 (11.10.90),
Page 1, lower right column, line 16 to page 2,
upper left column, line 10; Fig. 6
(Family: none)

r_—] Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents: “T” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E” earlier document but published on or after the international filing ~ “X” document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive

“L’  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such
means combination being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later ~ “&”  document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search

20 March, 2003 (20.03.03)

Date of mailing of the international search report

08 April, 2003 (08.04.03)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 1998)

24




	bibliography
	description
	claims
	drawings
	search report

