
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

53
0 

92
2

A
1

TEPZZ¥5¥Z9  A_T
(11) EP 3 530 922 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
28.08.2019 Bulletin 2019/35

(21) Application number: 17862650.3

(22) Date of filing: 22.09.2017

(51) Int Cl.:
F02G 1/053 (2006.01)

(86) International application number: 
PCT/JP2017/034305

(87) International publication number: 
WO 2018/074141 (26.04.2018 Gazette 2018/17)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 18.10.2016 JP 2016204541

(71) Applicant: Yanmar Co., Ltd.
Osaka-shi, Osaka 530-8311 (JP)

(72) Inventors:  
• YOSHIZUKA Toru

Osaka-shi
Osaka 530-8311 (JP)

• HOSHINO Shohei
Osaka-shi
Osaka 530-8311 (JP)

• KITAZAKI Masato
Osaka-shi
Osaka 530-8311 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)

(54) STIRLING ENGINE

(57) A Stirling engine 1 includes: a piston 4 that re-
ciprocates in a cylinder 2; a heat exchanger 7 that pro-
motes contraction and expansion of an operating fluid in
the cylinder 2; and a power takeout device 11 that con-
verts a reciprocation driving force by the piston 4 to a
rotative force. The power takeout device 11 is disposed

in a crank box 50 incorporated in a crankcase 13 so that
a first buffer chamber 17b is defined outside the crank
box 50 and a second buffer chamber 17c is defined inside
the crank box 50 in the crankcase 13. The first and second
buffer chambers 17b and 17c communicate with each
other through a breather 32.
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Description

Technical Field

[0001] The present invention relates to a Stirling en-
gine that is an external combustion engine.

Background Art

[0002] A Stirling engine, for example, has been known
as an external combustion engine that outputs a driving
force by contraction and expansion of an operating fluid
based on a temperature difference by heat from the out-
side. The Stirling engine moves an operating fluid be-
tween a compression chamber and an expansion cham-
ber alternately and repeats expansion and contraction of
the operating fluid by a heat exchanger to thereby drive
a piston so that heat from the outside is converted to a
driving force (see Patent Literatures 1 and 2: PTLs 1 and
2). Examples of such known Stirling engines include an
alpha type in which a compression chamber and an ex-
pansion chamber are defined in different cylinders, a beta
type in which a displacer piston and a power piston are
housed in the same cylinder, and a gamma type in which
a displacer piston and a power piston are housed in dif-
ferent cylinders.
[0003] The Stirling engine includes a power takeout
device such as a crank mechanism for converting recip-
rocating movement of a power piston to rotation move-
ment, and outputs a rotative force to the outside. A Stirling
engine described in PTL 1 is configured such that a power
takeout device constituted by a crosshead mechanism
is disposed below the piston, a cylinder (operating cham-
ber) incorporating a displacer piston and a power piston
and a crank chamber (buffer chamber) on which a crank-
shaft of the crank mechanism is pivotally supported are
separated vertically in the same case. A Stirling engine
described in PTL 2 is configured such that a power
takeout device constituted by a Scotch yoke mechanism
is disposed inside a crankcase (buffer chamber) below
a cylinder (operating chamber) incorporating a displacer
piston and a power piston.

Citation List

Patent Literatures

[0004]

PTL 1: Japanese Patent Application Laid-Open No.
S63-243574 (1988)
PTL 2: Japanese Patent No. 4873647

Summary of Invention

Technical Problem

[0005] The Stirling engine of PTL 1 employs a wet

sump lubrication system that supplies lubricating oil to a
sliding portion such as a bearing. The Stirling engine of
PTL 2 employs a built-in lubrication system in which a
sliding portion is constituted by a grease-enclosed part
or an oil-impregnated part, for example. In the wet sump
lubrication system in PTL 1, a spray of lubricating oil in
the buffer chamber might enter the operating chamber
to cause, for example, clogging in a heat exchanger that
exchanges heat with an operating fluid. On the other
hand, in the built-in lubrication system in PTL 2, when
power is increased, a withstand load in the sliding portion
such as the bearing needs to be increased, and the size
of the power takeout device increases in order to reduce
a contact pressure in the sliding portion accordingly.
Thus, it is difficult to reduce the size of the entire engine.
[0006] Some aspects of the present invention have a
technical object of providing a Stirling engine improved
in view of circumstances as described above.

Solution to Problem

[0007] An aspect of the present invention provides a
Stirling engine including: a piston that reciprocates in a
cylinder; a heat exchanger that promotes contraction and
expansion of an operating fluid in the cylinder; and a pow-
er takeout device that converts a reciprocation driving
force by the piston to a rotative force, wherein the heat
exchanger alternately repeats contraction and expansion
of the operating fluid in the cylinder to cause the piston
to reciprocate, the power takeout device is disposed in
a crank box incorporated in a crankcase so that a first
buffer chamber is defined outside the crank box and a
second buffer chamber is defined inside the crank box
in the crankcase, the first buffer chamber and the second
buffer chamber communicate with each other through a
breather, and an orifice is formed in a box coupled portion
that causes the breather to communicate with the second
buffer chamber.
[0008] In the Stirling engine, the breather may be di-
vided into a first compartment communicating with the
second buffer chamber and a second compartment com-
municating with the first buffer chamber, the first and sec-
ond compartments may communicate with each other
through a communication port that forms an orifice, and
in the breather, the box coupled portion may be disposed
at a lowest portion and is located at a position above an
oil level of lubricating oil enclosed in the crank box, and
the first compartment may have a volume larger than an
amount of volume change by piston reciprocation.
[0009] In the Stirling engine, the first compartment may
be divided, by a separator including a communication
hole, into at least two processing rooms including a final
processing room communicating with the second com-
partment, and a total volume of the processing rooms
excluding the final processing room may be greater than
or equal to the amount of volume change.
[0010] In the Stirling engine, the number of processing
rooms excluding the final processing room may be two

1 2 



EP 3 530 922 A1

3

5

10

15

20

25

30

35

40

45

50

55

or more.
[0011] In the Stirling engine, the first compartment may
be divided, by a separator including a communication
hole, into an initial processing room communicating with
the box coupled portion, a final processing room com-
municating with the second compartment, and an inter-
mediate processing room between the initial processing
room and the final processing room, and a volume of
each of the initial processing room, the intermediate
processing room, and the final processing room may be
greater than or equal to a half of the amount of volume
change.
[0012] In the Stirling engine, the breather may have a
double pipe structure in which an inner case coupled to
the crank box by the box coupled portion is covered with
an outer case coupled to the crankcase by a case coupled
portion that is open at an outer periphery of the box cou-
pled portion, the box coupled portion may project from a
coupling portion between the case coupled portion and
the crankcase toward inside of the crankcase and may
be coupled to the crank box, and the inner case may
have a communication port through which the first and
second compartments communicate with each other, in
a highest portion opposite to the box coupled portion.

Advantageous Effects of Invention

[0013] According to an aspect of the present invention,
the crankcase has the double structure incorporating the
crank box, and lubricating oil is enclosed in the crank
box. Accordingly, mixture of lubricating oil into the buffer
chamber outside the crank box in the crankcase can be
avoided. Accordingly, it is possible to further reliably pre-
vent or reduce entering of lubricating oil into an operating
chamber in the cylinder so that failures and problems in
driving caused by, for example, adhesion of lubricating
oil to the operating chamber in the cylinder, the heat ex-
changer, and other parts can be reduced.
[0014] According to an aspect of the present invention,
in the breather located at a position higher than the oil
level of lubricating oil, since the first compartment has a
volume larger than the amount of volume change by pis-
ton reciprocation, lubricating oil can be separated from
an operating fluid flowing into the first compartment, and
sent to the second compartment. Thus, entering of lubri-
cating oil into the first buffer chamber communicating with
the second compartment can be suppressed so that en-
tering of lubricating oil into an operating chamber in the
cylinder and the heat exchanger can be reliably prevent-
ed or reduced. Consequently, problems in driving the
Stirling engine and mechanical damage can be avoided.
[0015] According to an aspect of the present invention,
when the piston moves toward the crankcase and an
operating fluid in the second buffer chamber in the crank
box is purged, the total volume of the processing rooms
excluding the final processing room in the first compart-
ment becomes greater than or equal to a purge amount
of the operating fluid. Thus, the operating fluid from the

second buffer chamber tends to remain in the processing
rooms before the final processing room. Accordingly, lu-
bricating oil mixed in the operating fluid is easily sepa-
rated from the operating fluid in the processing rooms
before the final processing room, and thus, the amount
of lubricating oil flowing into the final processing room is
reduced so that mixing of lubricating oil into the operating
fluid flowing from the breather into the first buffer chamber
can be prevented or reduced.
[0016] According to an aspect of the present invention,
in the first compartment, the separator constituting the
processing rooms before the final processing room
serves as a baffle so that the amount of lubricating oil
that reaches the final processing room can be reduced.
In addition, when an operating fluid flows from the second
buffer chamber into the first compartment, the operating
fluid passes through the initial processing room and the
intermediate processing room each having a volume
greater than or equal to the purge amount of the operating
fluid so that the separator blocks the lubricating oil and
the amount of lubricating oil flowing into the final process-
ing room can be sufficiently reduced.
[0017] According to an aspect of the present invention,
the first compartment in the inner case functions as the
lubricating oil separating room that separates mist lubri-
cating oil entering from the second buffer chamber to-
gether with an operating fluid, and the communication
port is disposed away from the box coupled portion. Ac-
cordingly, lubricating oil that has flowed into the first com-
partment does not easily reach the communication port,
and mixture of lubricating oil into the operating fluid flow-
ing to the second compartment can be reduced. Accord-
ingly, entering of lubricating oil into the operating cham-
ber in the cylinder and the heat exchanger can be reliably
prevented or reduced so that problems in driving and
mechanical damage in the Stirling engine can be avoid-
ed.

Brief Description of Drawings

[0018]

[FIG. 1] A cross-sectional side view schematically
illustrating a Stirling engine in an embodiment of the
present invention.
[FIG. 2] A cross-sectional front view schematically
illustrating the Stirling engine.
[FIG. 3] A cross-sectional side view of a power
takeout device in the Stirling engine.
[FIG. 4] An explanatory drawing illustrating a con-
nection structure to a displacer piston in the power
takeout device.
[FIG. 5] An explanatory drawing illustrating a con-
nection structure to a power piston in the power
takeout device.
[FIG. 6] A cross-sectional view illustrating a config-
uration of a first example of a breather in the Stirling
engine.
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[FIG. 7] A cross-sectional view illustrating a config-
uration of a second example of the breather.
[FIG. 8] (a)(b) are cross-sectional views illustrating
another configuration of the second example of the
breather.
[FIG. 9] A cross-sectional view illustrating a config-
uration of a third example of the breather.
[FIG. 10] A cross-sectional view illustrating a config-
uration of a fourth example of the breather.
[FIG. 11] A view illustrating another configuration of
an oil level gauge.
[FIG. 12] A schematic view for describing a second
example of an oil leakage detecting part.
[FIG. 13] A control flowchart while the Stirling engine
is stopped.
[FIG. 14] A schematic view for describing a third ex-
ample of the oil leakage detecting part.
[FIG. 15] A schematic cross-sectional view of a Stir-
ling engine according to another embodiment of the
present invention.

Description of Embodiments

1. Overall configuration of Stirling engine

[0019] An overall configuration of a Stirling engine em-
bodying an aspect of the present invention will be de-
scribed with reference to the drawings. FIG. 1 is a cross-
sectional side view schematically illustrating the Stirling
engine. FIG. 2 is a cross-sectional front view schemati-
cally illustrating the Stirling engine. In the following de-
scription, a beta-type Stirling engine will be described as
an example.
[0020] As illustrated in FIGs. 1 and 2, in the Stirling
engine 1, a cylinder 2 enclosing an operating fluid such
as air, a helium gas, or hydrogen incorporates a displacer
piston 3 and a power piston 4. The cylinder 2 is configured
to be open at one end and closed at the other end. The
displacer piston 3 is disposed at the closed end, whereas
the power piston 4 is disposed at the open end. In the
cylinder 2, an expansion chamber 5 is formed between
the closed end and the displacer piston 3, and the com-
pression chamber 6 is formed between the displacer pis-
ton 3 and the power piston 4. The expansion chamber 5
and the compression chamber 6 in the cylinder 2 will be
referred to collectively as an operating chamber.
[0021] The Stirling engine 1 includes a heat exchanger
7 that increases and reduces the temperature of an op-
erating fluid in the operating chamber in the cylinder 2.
The heat exchanger 7 is configured such that a heater 8
that communicates with the expansion chamber 5 and
heats an operating fluid by heat entering from the outside
and a cooler 9 that communicates with the compression
chamber 6 and cools an operating fluid by dissipating
heat to the outside are coupled to each other through a
regenerator 10 incorporating a matrix that is a porous
thermal storage material. When the displacer piston 3
moves toward the open end of the cylinder 2, the oper-

ating fluid heated by the heater 8 enters the expansion
chamber 5 so that the temperature of the operating fluid
increases accordingly. On the other hand, when the dis-
placer piston 3 moves toward the closed end of the cyl-
inder 2, the operating fluid cooled by the cooler 9 enters
the compression chamber 6 so that the temperature of
the operating fluid decreases, accordingly. Thus, the op-
erating fluid flows in opposite directions between the heat
exchanger 7 and the operating chamber in the cylinder
2 so that the internal pressure in the operating chamber
of the cylinder 2 changes to promote reciprocation move-
ment of the power piston 4.
[0022] To increase a heat transfer area with an external
heating medium, the heater 8 is constituted by small
tubes, heat collecting fins, and other parts, for example,
and increases its temperature when the operating fluid
passing through the inside of the heater 8 receives heat
from the heating medium. Similarly, the cooler 9 is also
constituted by small tubes, heat dissipation fins, and oth-
er parts, for example, in order to increase a heat transfer
area with an external cooling medium, and reduces its
temperature when an operating fluid passing through the
cooler 9 dissipates heat to the cooling medium. The re-
generator 10 is constituted by, for example, a stack of
metal fibers or metal meshes, operating fluid channels
arranged in, for example, a honeycomb pattern, or a ma-
terial incorporating flocculent metal fibers, and functions
as a regenerative heat exchanger. That is, while a high-
temperature operating fluid flows from the heater 8 to the
cooler 9, the regenerator 10 stores heat of the operating
fluid, whereas while a low-temperature operating fluid
flows from the cooler 9 to the heater 8, the regenerator
10 dissipates stored heat to the operating fluid.
[0023] The Stirling engine 1 includes, at the open end
of the cylinder 2, a power takeout device 11 that converts
a reciprocation operation of the power piston 4 to a rota-
tion operation and outputs a rotative force. The power
takeout device 11 pivotally supports, in a crankcase 13,
a crankshaft 12 coupled to each of the displacer piston
3 and the power piston 4. An end of the crankshaft 12
serves as an output shaft and is coupled to an input shaft
16 of an electric generator 15 through a flywheel 14 in
the crankcase 13. A chamber 17a closer to the open end
than the power piston 4 in the cylinder 2 and chambers
17b and 17c in the crankcase 13 define a buffer chamber
(rear chamber of the power piston 4) 17.
[0024] The displacer piston 3 and the power piston 4
are connected to the crankshaft 12 of the power takeout
device 11 to thereby reciprocate in the cylinder 2 with a
predetermined phase difference. In this embodiment, the
phase difference in reciprocation operation of the dis-
placer piston 3 and the power piston 4 is 90°.

2. Example configuration of power takeout device

[0025] A configuration of the power takeout device 11
in the Stirling engine 1 will be described hereinafter with
reference to FIGs. 1 through 5. As illustrated in FIGs. 1
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through 5, the power takeout device 11 is disposed in a
crank box 50 fixed inside the crankcase 13. The power
takeout device 11 is constituted by a Scotch yoke mech-
anism in which crankpins 54 through 56 of the crankshaft
12 are respectively fitted, through bearings 57 through
59, in a plate 51c fixed to a crankshaft guide groove
(through groove) 51a of a displacer yoke (reciprocating
part) 51 that reciprocates in conjunction with the displacer
piston 3 and plates 52c and 53c fixed to crankshaft guide
grooves (through grooves) 52a and 53a of power piston
yokes (reciprocating parts) 52 and 53 that reciprocate in
conjunction with the power piston 4.
[0026] As illustrated in FIGs. 1 through 5, the crank
box 50 is coupled and supported in the crankcase 13, is
coupled to the cylinder 2 inserted in the crankcase 13,
and pivotally supports the crankshaft 12. A part of the
cylinder 2 is inserted in the crankcase 13, and the crank-
case 13 is coupled to the inserted portion of the cylinder
2 to cover the entire crank box 50. That is, the power
takeout device 11 is disposed inside the casing having
the double structure of the crankcase 13 and the crank
box 50. The crankshaft 12 penetrates the crank box 50
to be coupled to the flywheel 14 in the crankcase 13.
[0027] As illustrated in FIG. 4, a center portion of the
displacer yoke 51 has the crankshaft guide groove 51a
elongated in a direction (lateral direction) intersecting the
axial directions of the crankshaft 12 and the displacer
piston 3. A reciprocation guide hole (through hole) 51b
is formed in each of side portions of the displacer yoke
51 sandwiching the crankshaft guide groove 51a, in a
direction (longitudinal direction) along the axial direction
of the displacer piston 3. A guide shaft 60 fixed to the
crank box 50 is inserted in the reciprocation guide hole
51b of the displacer yoke 51 with a linear motion bearing
63 such as a rotary bushing interposed therebetween.
The displacer yoke 51 is coupled to one end of a rod 66
that is coupled to the displacer piston 3 at the other end,
and reciprocates in the same directions (longitudinal di-
rection) as the reciprocation direction of the displacer pis-
ton 3 in conjunction with reciprocation of the displacer
piston 3.
[0028] As illustrated in FIG. 5, a center portion of the
power piston yoke 52 (53) has the crankshaft guide
groove 52a (53a) elongated in the lateral direction, and
the reciprocation guide hole (through hole) 52b (53b)
penetrates each of the side portions sandwiching the
crankshaft guide groove 52a (53a) in the longitudinal di-
rection. The guide shaft 61 (62) fixed to the crank box 50
is inserted in the reciprocation guide hole 52b (53b) of
the power piston yoke 52 (53) with the linear motion bear-
ing 64 (65) interposed therebetween. The power piston
yoke 52 (53) is coupled to one end of a bridge 67 that is
coupled to the power piston 4 at the other end, and re-
ciprocates in the longitudinal direction in conjunction with
reciprocation of the power piston 4.
[0029] As illustrated in FIGs. 3 through 5, through holes
4a and 67a are formed in a direction along the axial di-
rection of the power piston 4 (longitudinal direction) at

the centers of the power piston 4 and the bridge 67, and
the rod 66 coupled to the displacer piston 3 penetrates
the through holes 4a and 67a. The rod 66 is movable
relative to the power piston 4 and the bridge 67, and a
dynamic sealing mechanism (not shown) of, for example,
a mechanical seal, is constituted in a portion of the power
piston 4 in which the rod 66 is inserted.
[0030] As illustrated in FIGs. 2 through 5, the crank-
shaft 12 is provided with the crankpin 54 coupled to the
rod 66 through the displacer yoke 51, between the crank-
pins 55 and 56 coupled to the bridge 67 through the power
piston yokes 52 and 53. The crankpin 54 is attached to
the crankpins 55 and 56 of the same phase with a pre-
determined phase difference (e.g., 90°). A portion of the
crank box 50 coupled to the cylinder 2 has a bridge in-
sertion hole 68 in which the bridge 67 is inserted and
fitted. The bridge insertion hole 68 of the crank box 50 is
formed in a coupling portion between the cylinder 2 and
the crank box 50. The bridge 67 reciprocates in conjunc-
tion with the power piston 4 in such a manner that a por-
tion of the bridge 67 toward the cylinder 2 is inserted and
extracted into/from the bridge insertion hole 68. To re-
duce variations of the internal pressure caused by vol-
ume change with reciprocation of the power piston 4 in
the third buffer chamber 17a closer to the open end than
the power piston 4 in the cylinder 2, a communication
port 17d is disposed between the third buffer chamber
17a and the first buffer chamber 17b.
[0031] The displacer piston 3 reciprocates by a rotative
force of the crankshaft 12, and an operating fluid moves
toward and rearward between the expansion chamber 5
and the compression chamber 6 so that the internal pres-
sure of the operating chamber changes. This pressure
change causes the power piston 4 to reciprocate, and
this reciprocation driving force is transferred to the power
piston yokes 52 and 53 through the bridge 67. Accord-
ingly, the power piston yokes 52 and 53 reciprocate in
the longitudinal direction along the guide shafts 61 and
62, respectively. The reciprocation movement of the pow-
er piston yokes 52 and 53 causes the crankpins 55 and
56 to reciprocate in the lateral direction in the crankshaft
guide grooves 52a and 53a, respectively, while rotating
so that the crankshaft 12 rotates. Thus, the power takeout
device 11 that has received the reciprocation driving
force of the power piston 4 converts the driving force to
a rotative force with the Scotch yoke mechanism and
outputs the rotative force from the crankshaft 12 to rotate
the electric generator 15 through the flywheel 14 and the
input shaft 16.
[0032] As illustrated in FIGs. 1 through 5, the Stirling
engine 1 according to this embodiment employs a wet
sump lubrication system in which lubricating oil is sup-
plied to a sliding portion of the power takeout device 11.
The crank box 50 is configured as an oil tank for storing
lubricating oil, and an oil seal (not shown) is provided not
only in a portion in which the crankshaft 12 penetrates
but also portions of the coupling portion between the cyl-
inder 2 and the crank box 50 where the bridge 67 is in-
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serted in the bridge insertion hole 68 and the rod 66 is
inserted in the through hole 67a. That is, the crank box
50 has a hermetic structure for preventing stored lubri-
cating oil from leaking to the outside. The crankcase 13
includes the first buffer chamber 17b located outside the
crank box 50 and the second buffer chamber 17c located
inside the crank box 50.
[0033] That is, the crankcase 13 has a double structure
incorporating the crank box 50, and the crank box 50
encloses lubricating oil. Accordingly, mixing of lubricating
oil into the first buffer chamber 17b in the crankcase 13
can be avoided. Accordingly, it is possible to more reliably
prevent or reduce entering of lubricating oil into the third
buffer chamber 17a, that is, the cylinder 2, from the first
buffer chamber 17b through the communication port 17d
so that failures and problems in driving caused by, for
example, adhesion of lubricating oil to the operating
chamber in the cylinder 2, the heat exchanger 7, and
other parts can be reduced.
[0034] As illustrated in FIGs. 1 and 3, the first buffer
chamber 17b in the crankcase 13 communicates with the
second buffer chamber 17c in the crank box 50 through
a breather 32. The breather 32 is fixed to the crankcase
13 at a position above the oil level of lubricating oil stored
in the crank box 50. The breather 32 is divided into a first
compartment 35 communicating with the second buffer
chamber 17c and a second compartment 36 communi-
cating with the first buffer chamber 17b, and the first com-
partment 35 and the second compartment 36 communi-
cate with each other through the communication port 37.
[0035] With this structure, lubricating oil that has en-
tered the breather 32 is separated from an operating fluid
in the first compartment 35, and only the operating fluid
flows into the first buffer chamber 17b in the crankcase
13 through the second compartment 36. Accordingly, it
is possible to reliably prevent or reduce entering of lubri-
cating oil into the first buffer chamber 17b, and problems
in driving caused by, for example, clogging due to adhe-
sion of lubricating oil to the operating chamber in the cyl-
inder 2, the heat exchanger 7, and other parts and me-
chanical damage can be avoided. The breather 32 has
a configuration in which an orifice is formed by reducing
the opening area of a box coupled portion 44 coupled to
the crank box 50 to reduce entering of lubricating oil from
the crank box 50. In addition, the communication port 37
between the first compartment 35 and the second com-
partment 36 is also constituted by an orifice having a
small opening area.
[0036] The breather 32 has a double pipe structure in
which an inner case 71 coupled to the crank box 50 by
the box coupled portion 44 constituting the orifice is cov-
ered with an outer case 72 coupled to the crankcase 13
by a case coupled portion 38 that is open at the outer
periphery of the box coupled portion 44. In the breather
32, a double opening portion by the case coupled portion
38 and the box coupled portion 44 is disposed at the
lowest portion, and the breather 32 is coupled to the
crankcase 13 and the crank box 50. The box coupled

portion 44 projects from the coupling portion between the
case coupled portion 38 and the crankcase 13 toward
the inside of the crankcase 13, and is coupled to the crank
box 50. The inner case 71 has a communication port 37
in the highest portion opposite to the box coupled portion
44, and causes the first compartment 35 inside the inner
case 71 and the second compartment 36 between the
inner case 71 and the outer case 72 to communicate with
each other.
[0037] The inner case 71 (first compartment 35) in the
breather 32 is configured such that the volume of the
inner case 71 is larger than the amount of volume change
in the buffer chamber 17 by reciprocation movement of
the power piston 4. The inner case 71 is also configured
such that the uppermost portion of the inner case 71 hav-
ing the communication port 37 is sufficiently higher than
the box coupled portion 44. Accordingly, when an oper-
ating fluid including lubricating oil flows into the first com-
partment 35 from the second buffer chamber 17c in the
crank box 50 through the box coupled portion 44, lubri-
cating oil is separated from the operating fluid before
reaching the communication port 37. Thus, only the op-
erating fluid flows into the first buffer chamber 17b in the
crankcase 13 through the second compartment 36 and
the case coupled portion 38.
[0038] As illustrated in FIGs. 1 through 3, an oil level
gauge 46 is disposed outside the crankcase 13 in order
to determine the amount of lubricating oil in the crank
box 50. Thus, while the Stirling engine 1 is stopped, the
oil level of lubricating oil in the oil level gauge 46 is de-
termined so that the amount of lubricating oil in the crank
box 50 inside the crankcase 13 can be determined. At
this time, if the oil level of the oil level gauge 46 is lower
than a predetermined level, it can be determined not only
that the amount of lubricating oil in the crank box 50 is
insufficient relative to a necessary minimum amount, but
also that a part of lubricating oil in the crank box 50 is
dropped in the crankcase 13.
[0039] As illustrated in in FIGs. 1 through 3, to detect
lubricating oil dropped from the crank box 50 into the
crankcase 13, an oil leakage detecting part 47 is disposed
at the lowest position of a bottom portion 45 of the crank-
case 13. The bottom portion 45 of the crankcase 13
shaped such that the bottom portion 45 tilts toward the
lowest portion at which the oil leakage detecting part 47
is disposed in order to cause lubricating oil dropped from
the crank box 50 to flow toward the location of the oil
leakage detecting part 47. Accordingly, in driving of the
Stirling engine 1, lubricating oil that has flowed into the
oil leakage detecting part 47 can be detected, and a drop
of a part of lubricating oil in the crank box 50 into the
crankcase 13 can be detected.
[0040] As illustrated in FIGs. 1 through 3, an anti-de-
formation member 91 for preventing deformation of the
power piston yokes 52 and 53 and the bridge 67 is dis-
posed in a coupling portion between the power piston
yokes 52 and 53 and the bridge 67. Each of the displacer
piston 3, the power piston 4, the displacer yoke 51, the
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power piston yokes 52 and 53, the rod 66, and the bridge
67, for example, is made of a light metal material or a
light-metal alloy material having a light specific gravity,
such as aluminium, in order to reduce a load on each
part of the Stirling engine 1 by an inertial force of recip-
rocating movement thereof. On the other hand, the anti-
deformation member 91 is made of a metal material, such
as iron, having a specific gravity heavier than that of metal
materials constituting the power piston yokes 52 and 53
and the bridge 67.
[0041] The anti-deformation member 91 made of a ma-
terial having high rigidity can suppress deformation of,
for example, the bridge 67 and the power piston yokes
52 and 53 even when the pressure of the compression
chamber 6 in the cylinder 2 increases so that loads on
the bridge 67 and the power piston yokes 52 and 53 in-
crease through the power piston 4. Thus, abnormal abra-
sion and peeling (flaking) in the bearings 58 and 59 that
are in slidable contact with the crankshaft guide grooves
52a and 53a of the power piston yokes 52 and 53 can
be prevented or reduced.
[0042] In addition, since positional displacement of rel-
ative positions of the linear motion bearings 64 and 65
relative to the guide shafts 61 and 62 can be reduced, a
gap (clearance) between the guide shafts 61 and 62 and
the linear motion bearings 64 and 65 can be appropriately
maintained so that abnormal abrasion and peeling in the
guide shafts 61 and 62 and the linear motion bearings
64 and 65 can be prevented or reduced. In addition, the
anti-deformation member 91 is made of a metal material
having a linear expansion coefficient (thermal expansion
coefficient) smaller than that of a light metal material or
a light-metal alloy material, and thus, deformation by heat
in the bridge 67 and the power piston yokes 52 and 53
can also be reduced.

3-1. First example of breather

[0043] A first example of the breather 32 disposed in
the power takeout device 11 will now be described with
reference to FIG. 6. As illustrated in FIG. 6, the breather
32 of this example is divided into the first compartment
35 communicating with the second buffer chamber 17c
and the second compartment 36 communicating with the
first buffer chamber 17b, and the first and second com-
partments 35 and 36 communicate with each other
through the communication port 37 forming the orifice.
In the breather 32, the box coupled portion 44 is disposed
at a lowest portion and is located at a position higher than
the oil level of lubricating oil enclosed in the crank box
50, and the first compartment 35 has a volume larger
than the amount of volume change by piston reciproca-
tion.
[0044] In the breather 32 located at a position higher
than the oil level of lubricating oil, since the first compart-
ment 35 has a volume larger than the amount of volume
change by piston reciprocation, lubricating oil can be sep-
arated from an operating fluid flowing into the first com-

partment 35 and sent to the second compartment 36.
Thus, entering of lubricating oil into the first buffer cham-
ber 17b communicating with the second compartment 36
can be suppressed so that entering of lubricating oil into
the operating chamber in the cylinder 2 and the heat ex-
changer 7 can be reliably prevented or reduced. Conse-
quently, problems in driving and mechanical damage in
the Stirling engine 1 can be avoided.
[0045] The breather 32 has a double pipe structure in
which the inner case 71 coupled to the crank box 50 by
the box coupled portion 44 is covered with the outer case
72 coupled to the crankcase 13 by the case coupled por-
tion 38 that is open at the outer periphery of the box cou-
pled portion 44. The box coupled portion 44 projects from
the coupling portion between the case coupled portion
38 and the crankcase 13 toward the inside of the crank-
case 13, and is coupled to the crank box 50. The inner
case 71 has the communication port 37 to the first and
second compartments 35 and 36 at the top opposite to
the box coupled portion 44.
[0046] With this configuration, the first compartment
35 in the inner case 71 functions as a lubricating oil sep-
arating room that separates mist lubricating oil entering
together with an operating fluid flowing from the second
buffer chamber 17c. In addition, the communication port
37 is disposed at a position away from the box coupled
portion 44. Thus, lubricating oil that has flowed into the
first compartment 35 does not easily reach the commu-
nication port 37, and mixture of lubricating oil into the
operating fluid flowing to the second compartment 36 can
be reduced.
[0047] The first compartment 35 defined in the inner
case 71 is divided into processing rooms 41 and 42 by
a separator 73 having a communication hole 74. The
volume of the initial processing room 42 communicating
with the second buffer chamber 17c is greater than or
equal to the amount of volume change by reciprocation
of the power piston 4. When the power piston 4 moves
toward the crankcase 13 so that an operating fluid in the
second buffer chamber 17c of the crank box 50 is purged,
since the volume of initial processing room 42 of the first
compartment 35 of the breather 32 is greater than or
equal to a purge amount of the operating fluid, the oper-
ating fluid from the second buffer chamber 17c tends to
remain in the initial processing room 42.
[0048] Thus, lubricating oil mixed in an operating fluid
is easily separated from the operating fluid in the initial
processing room 42, and thus, the amount of lubricating
oil flowing into the final processing room 41 is reduced
so that mixing of lubricating oil into the operating fluid
flowing from the breather 32 into the first buffer chamber
17b can be prevented or reduced. At this time, in a con-
figuration in which the volume of the final processing
room 41 communicating with the second compartment
36 is greater than or equal to a half of the amount of
volume change by reciprocation of the power piston 4,
the amount of lubricating oil flowing into the second com-
partment 36 can be further reduced.
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[0049] The opening area of the box coupled portion 44
coupled to the crank box 50 is reduced to form an orifice,
and the communication port 37 between the first com-
partment 35 and the second compartment 36 and the
communication hole 74 of the separator 73 are also
formed by orifices having small opening areas. At this
time, the opening of the case coupled portion 38 and the
communication hole 74 are offset from each other, and
the communication port 37 and the communication hole
74 are offset from each other. Then, entering of lubricat-
ing oil into the second compartment 36 can be prevented
or reduced.
[0050] That is, the communication hole 74 and the
communication port 37 constitute orifices, and are ar-
ranged in a staggered pattern (offset positions) along a
flow of an operating fluid. Thus, the separator 73 and the
inner case 71 serve as shielding walls against an oper-
ating fluid flowing from the first compartment 35 to the
second compartment 36 so that separation of mixed lu-
bricating oil can be promoted. An operating fluid mixed
with no lubricating oil can be caused to flow into the first
buffer chamber 17b through the breather 32.

3-2. Second example of breather

[0051] Next, a second example of the breather 32 dis-
posed in the power takeout device 11 will now be de-
scribed with reference to FIG. 7. As illustrated in FIG. 7,
in the breather 32 of this example, the first compartment
35 is divided, by the separator 73 including the commu-
nication hole 74, into three processing rooms 41 through
43 including the final processing room 41 communicating
with the second compartment 36. The total volume of the
processing rooms 42 and 43 excluding the final process-
ing room 41 is greater than or equal to the amount of
volume change by reciprocation of the power piston 4.
With this configuration, the separator 73 defining the
processing rooms 42 and 43 before the final processing
room 41 serves as a baffle, and the amount of lubricating
oil that reaches the final processing room 41 can be re-
duced.
[0052] That is, the first compartment 35 is divided, by
the separator 73 including the communication hole 74,
into the initial processing room 42 communicating with
the box coupled portion 44, the final processing room 41
communicating with the second compartment 36, and
the intermediate processing room 43 between the initial
processing room 42 and the final processing room 41.
The volume of each of the initial processing room 42, the
intermediate processing room 43, and the final process-
ing room 41 is greater than or equal to a half of the amount
of volume change by reciprocation of the power piston 4.
[0053] In this manner, when an operating fluid flows
from the second buffer chamber 17c into the first com-
partment 35, the operating fluid passes through the initial
processing room 42 and the intermediate processing
room 43 each having a volume greater than or equal to
a purge amount of the operating fluid so that the separator

73 blocks the lubricating oil and the amount of lubricating
oil flowing into the final processing room 41 can be suf-
ficiently reduced. In addition, the initial processing room
42, the intermediate processing room 43, and the final
processing room 41 are configured to have substantially
the same volumes so that parts constituting the process-
ing rooms 41 through 43 can be shared and the process-
ing rooms 41 through 43 can be easily assembled by
stacking the rooms.
[0054] In this example, the communication hole 74 and
the communication port 37 constitute orifices, and are
arranged in a staggered pattern (offset positions) along
a flow of an operating fluid. Accordingly, the separator
73 and the inner case 71 serve as shielding walls against
an operating fluid flowing from the first compartment 35
to the second compartment 36 so that separation of
mixed lubricating oil can be promoted. That is, the open-
ing of the case coupled portion 38 and the communication
hole 74 are offset from each other, the communication
port 37 in the final processing room 41 and the commu-
nication hole 74 are offset from each other, and the com-
munication holes 74 of the two separators 73 disposed
at the sides of the intermediate processing room 43 to-
ward the initial processing room 42 and the final process-
ing room 41 (upper and lower positions) are offset from
each other.
[0055] The breather 32 of this example is not limited
to the configuration in which the processing rooms 41
through 43 in the first compartment 35 have substantially
the same volumes, and as illustrated in FIG. 8(a), the
distance of the separators 73 may be reduced along a
flow of an operating fluid from the second buffer chamber
17c to the first buffer chamber 17b so that the volumes
of the initial processing room 42, the intermediate
processing room 43, and the final processing room 41
decrease in this order. In this case, the total volume of
the initial processing room 42 and the intermediate
processing room 43 is greater than or equal to the amount
of volume change by reciprocation of the power piston 4
so that the amount of mixture of lubricating oil in an op-
erating fluid flowing into the final processing room 41 can
be sufficiently reduced.
[0056] The breather 32 of this example is not limited
to the configuration in which the first compartment 35 is
divided into three rooms, and as illustrated in FIG. 8(b),
the intermediate processing room 43 may be divided into
two or more rooms with the first compartment 35 being
divided into four or more rooms. In this case, the total
volume of the initial processing room 42 and the plurality
of intermediate processing rooms 43 is greater than or
equal to the amount of volume change by reciprocation
of the power piston 4 so that the number of the separators
73 partitioning the processing rooms 41 through 43 in-
creases, and thus, it is more difficult for lubricating oil to
reach the final processing room 41. Thus, the amount of
mixture of lubricating oil in the operating fluid flowing into
the final processing room 41 can be sufficiently reduced,
and even in a case where the volume of the final process-
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ing room 41 is reduced, a flow of lubricating oil into the
first buffer chamber 17b can be prevented or reduced so
that the size of the breather 32 can be reduced.

3-3. Third example of breather

[0057] A third example of the breather 32 disposed in
the power takeout device 11 will now be described with
reference to FIG. 9. As illustrated in FIG. 9, in the breather
32 of this example, a baffle 76 (lubricating oil trap) for
blocking an inflow of lubricating oil is disposed to the
opening of the box coupled portion 44 and the commu-
nication hole 74 of the separator 73. Accordingly, when
an operating fluid from the second buffer chamber 17c
flows into the breather 32, the baffle 76 blocks passages
of lubricating oil in a flow from the second buffer chamber
17c to the initial processing room 42, a flow from the initial
processing room 42 to the intermediate processing room
43, and a flow from the intermediate processing room 43
to the final processing room 41.
[0058] Accordingly, the baffle 76 can be more likely to
promote separation of lubricating oil, and thus, the vol-
ume of the first compartment 35 can be made smaller
than those in the first example and the second example.
Accordingly, the breather 32 can be made compact. In
this example, the intermediate processing room 43 is dis-
posed in a manner similar to the second example, but
may be omitted as in the first example.

3-4. Fourth example of breather

[0059] A fourth example of the breather 32 disposed
in the power takeout device 11 will now be described with
reference to FIG. 10. As illustrated in FIG. 10, the breath-
er 32 of this example includes a filter screen 77 at the
communication port 37 between the first compartment
35 and the second compartment 36. Accordingly, during
passage of an operating fluid through the communication
port 37, the operating fluid passes through the filter
screen 77 so that mist lubricating oil mixed in the oper-
ating fluid adheres to the filter screen 77 and is separated
from the operating fluid. Accordingly, only the operating
fluid can be caused to flow into the second compartment
36. The filter screen 77 in this example may be disposed
at the opening of the box coupled portion 44 or the com-
munication hole 74 of the separator 73.

4. Configuration of oil level gauge

[0060] The oil level gauge 46 disposed in the power
takeout device 11 will now be described with reference
to FIG. 3. As illustrated in FIG. 3, the oil level gauge 46
on channels 81 and 82 connecting both ends of the crank
box 50 is disposed outside the crankcase 13. The oil level
gauge 46 is connected to the lower channel 81 commu-
nicating with the crank box 50 at a position below the oil
level of lubricating oil in the crank box 50 and to the upper
channel 82 communicating with the crank box 50 at a

position above the oil level of the lubricating oil in the
crank box 50.
[0061] A lower port 83 communicating with the lower
channel 81 is disposed in a bottom surface of the crank
box 50, and an upper port 84 communicating with the
upper channel 82 is disposed in a side wall standing from
the bottom surface of the crank box 50 at a position above
the oil level of lubricating oil. The lower channel 81 and
the upper channel 82 are guided to the outside of the
crankcase 13 through the crankcase 13 and are connect-
ed to the oil level gauge 46 enabling the oil level (oil level
while the Stirling engine 1 is stopped) of lubricating oil in
the crank box 50 to be visually observed. In this manner,
the oil level of lubricating oil in the oil level gauge 46 is
visually observed so that the oil level of lubricating oil in
the crank box 50 can be thereby visually observed. Ac-
cordingly, excess and deficiency of lubricating oil in the
crank box 50 can be determined, and in addition, a drop
of lubricating oil from the crank box 50 into the crankcase
13 can be determined.
[0062] In the crank box 50, a baffle 85 is disposed in
a communication portion with the upper channel 82. That
is, the baffle 85 extends from a side wall of the crank box
50 to cover the upper port 84 from below the upper port
84. Accordingly, it is possible to prevent or reduce enter-
ing of lubricating oil stirred during driving of the Stirling
engine 1 into the oil level gauge 46 through the upper
channel 82. Thus, backflow of lubricating oil to the oil
level gauge 46 through the upper channel 82 can be pre-
vented or reduced and, for example, failures in measure-
ment of the oil level gauge 46 caused by pipe clogging
due to adhesion of lubricating oil in the upper channel 82
can be prevented or reduced. Accordingly, the oil level
in the crank box 50 can be normally measured.
[0063] In this embodiment, the baffle 85 is disposed in
the crank box 50 so that entering of mist lubricating oil
into the upper channel 82 can be prevented or reduced.
Alternatively, as illustrated in FIG. 11, the upper channel
82 may communicate with the breather 32. That is, the
upper channel 82 may communicate with the second
compartment 36 of the breather 32 so that an operating
fluid mixed with no lubricating oil flows in the upper chan-
nel 82, and failures in measurement of the oil level gauge
46 caused by entering of lubricating oil in the upper chan-
nel 82 can be prevented or reduced.

5-1. First example of oil leakage detecting part

[0064] A first example of the oil leakage detecting part
47 disposed in the power takeout device 11 will now be
described with reference to FIG. 3. As illustrated in FIG.
3, the oil leakage detecting part 47 of this example is
constituted by an oil storage part 86 that stores lubricating
oil in the crankcase 13 and is disposed at the lowest
position of the bottom portion 45 of the crankcase 13.
The oil storage part 86 is configured to be visually ob-
served from the outside, and a drop of lubricating oil from
the crank box 50 can be detected by observing the
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amount of lubricating oil in the oil storage part 86. Thus,
not only a shortage of lubricating oil in the crank box 50
but also abnormality of each part in the Stirling engine 1
including degradation of the oil seal can be detected.
Thus, the Stirling engine 1 can be stopped to prevent or
reduce damage of the Stirling engine 1.

5-2. Second example of oil leakage detecting part

[0065] A second example of the oil leakage detecting
part 47 disposed in the power takeout device 11 will now
be described with reference to FIGs. 12 and 13. As illus-
trated in FIG. 12, the oil leakage detecting part 47 of this
example includes an oil leakage amount sensor 87 that
detects a drop of lubricating oil in the oil storage part 86,
and based on a signal from the oil leakage amount sensor
87, a controller 29 controls opening and closing of an
equalizer valve 20 and an operating chamber open valve
22 in an operation stop pipe 18. The oil leakage amount
sensor 87 is constituted by, for example, an optical sen-
sor, and measures the oil level of lubricating oil in the oil
storage part 86, for example, to measure the amount of
lubricating oil in the oil storage part 86.
[0066] The operation stop pipe 18 is provided with the
equalizer valve 20 on a bypass channel 19 that allows
the operating chamber in the cylinder 2 to communicate
with the buffer chamber 17, and the operating chamber
open valve 22 is disposed on an operating chamber open
channel 21 that communicates with the operating cham-
ber in the cylinder 2 for exposure to the atmosphere. The
bypass channel 19 allows the compression chamber 6
in the cylinder 2 to communicate with the first buffer
chamber 17b in the crankcase 13. At this time, the bypass
channel 19 is connected to the outer case 72 of the
breather 32 to thereby communicate with the first buffer
chamber 17b through the second compartment 36. The
operating chamber open channel 21 branches from a
portion of the bypass channel 19 between the equalizer
valve 20 and the compression chamber 6.
[0067] As illustrated in FIG. 13, in the case of normally
stopping the Stirling engine 1, the controller 29 opens
the equalizer valve 20 to cause the compression cham-
ber 6 and the first buffer chamber 17b to communicate
with each other through the bypass channel 19. Accord-
ingly, the pressure of the operating chamber in the cyl-
inder 2 and the pressure of the buffer chamber 17 to be
made equal so that reciprocation of the displacer piston
3 and the power piston 4 are stopped. In the case of
stopping the Stirling engine 1 emergently, the controller
29 first opens the equalizer valve 20 to thereby cause
the compression chamber 6 and the first buffer chamber
17b to communicate with each other through the bypass
channel 19. Thereafter, when the pressures of the com-
pression chamber 6 and the first buffer chamber 17b ap-
proach each other, the controller 29 opens the operating
chamber open valve 22 and causes an operating fluid in
the compression chamber 6 to be released to the outside
through the operating chamber open channel 21 to there-

by stop reciprocation of the displacer piston 3 and the
power piston 4.
[0068] The oil leakage amount sensor 87 detects the
amount of lubricating oil stored in the oil storage part 86
and transmits a detection signal to the controller 29. Thus,
the controller 29 can automatically detect not only a short-
age of lubricating oil in the crank box 50 but also abnor-
mality of each part in the Stirling engine including deg-
radation of the oil seal. In addition, when the controller
29 detects that the amount of lubricating oil in the oil
storage part 86 exceeds a predetermined amount, based
on a detection signal of the oil leakage amount sensor
87, the controller stops the Stirling engine 1 emergently.
Thus, in a case where it is determined that the amount
of lubricating oil dropped from the crank box 50 is large
based on the signal from the oil leakage amount sensor
87, the Stirling engine 1 can be automatically stopped so
that damage of the Stirling engine can be prevented or
reduced.

5-3. Third example of oil leakage detecting part

[0069] Next, a third example of the oil leakage detect-
ing part 47 disposed in the power takeout device 11 will
be described with reference to FIG. 14. As illustrated in
FIG. 14, the oil leakage detecting part 47 of this example
includes an oil leakage rate sensor 88 that detects an oil
leakage rate of lubricating oil from the crankcase 13 to
the oil storage part 86, and based on a signal from the
oil leakage rate sensor 88, the controller 29 controls
opening and closing of the equalizer valve 20 and the
operating chamber open valve 22 on the operation stop
pipe 18. The oil leakage rate sensor 88 includes a plurality
of oil leakage sensors 89a and 89b such as optical sen-
sors disposed at different heights, and measures an oil
leakage rate of lubricating oil to the oil storage part 86
based on timings of measurement of lubricating oil in the
oil leakage sensors 89a and 89b.
[0070] When the controller 29 of this example detects
that the oil leakage rate of lubricating oil in the oil storage
part 86 becomes higher than a predetermined rate based
on a detection signal of the oil leakage rate sensor 88,
the controller 29 first opens the equalizer valve 20 to
thereby cause the compression chamber 6 and the first
buffer chamber 17b to communicate with each other
through the bypass channel 19. Thereafter, when the
pressures of the compression chamber 6 and the first
buffer chamber 17b approach each other, the controller
29 opens the operating chamber open valve 22 and caus-
es an operating fluid in the compression chamber 6 to
be released to the outside through the operating chamber
open channel 21 to thereby stop reciprocation of the dis-
placer piston 3 and the power piston 4. Thus, in a case
where it is determined that the amount of drop of lubri-
cating oil from the crank box 50 is large based on a signal
from the oil leakage rate sensor 88, the Stirling engine 1
can be automatically stopped emergently so that damage
of the Stirling engine can be prevented or reduced.
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(Other Embodiments)

[0071] The Stirling engine 1 according to the embodi-
ment described above is configured such that the power
takeout device 11 is disposed below the cylinder 2 and
the reciprocating movement part including the displacer
piston 3 and the power piston 4 reciprocates in the vertical
direction (longitudinal direction). Alternatively, the power
takeout device 11 may be disposed at a side of the cyl-
inder 2 so that the reciprocating movement part including
the displacer piston 3 and the power piston 4 reciprocates
in the horizontal direction (lateral direction). A Stirling en-
gine 1 according to another embodiment in which a power
takeout device 11 is disposed at a side of a cylinder 2
will now be described with reference to FIG. 15.
[0072] As illustrated in FIG. 15, in the Stirling engine 1
according to this embodiment, a crank box 50 incorpo-
rating the power takeout device 11 is incorporated in a
crankcase 13, and a bottom portion 45 of the crankcase
13 is parallel to piston shafts of a displacer piston 3 and
a power piston 4. In this embodiment, a breather 32 is
also disposed at a position higher than the oil level of
lubricating oil in the crank box 50, and an oil leakage
detecting part 47 is disposed on a bottom portion 45 of
the crankcase 13. An oil level gauge 46 is disposed out-
side the crankcase 13, a lower channel 81 communicates
with a lower port 83 in the bottom surface of the crank
box 50 through the bottom portion 45 of the crankcase
13, and an upper channel 82 communicates with an up-
per port 84 in a side wall of the crank box 50 through a
side wall of the crankcase 13.
[0073] The configurations of parts of some aspects of
the present invention are not limited to those of the illus-
trated embodiments, but can be variously changed with-
out departing from the gist of the invention. Although the
embodiments described above are directed to the beta-
type Stirling engines, Stirling engines of other types such
as an alpha type and a gamma type may be employed.
The power takeout device is not limited to the Scotch
yoke mechanism as described in the embodiments, and
may be another structure such as a crosshead mecha-
nism.

Reference Signs List

[0074]

1 Stirling engine
2 cylinder
3 displacer piston
4 power piston
5 expansion chamber
6 compression chamber
7 heat exchanger
11 power takeout device
12 crankshaft
13 crankcase
17 buffer chamber

17b first buffer chamber
17c second buffer chamber
32 breather
35 first compartment
36 second compartment
37 communication port
38 case coupled portion
41 final processing room
42 initial processing room
43 intermediate processing room
44 box coupled portion
45 bottom portion
46 oil level gauge
47 oil leakage detecting part
50 crank box
71 inner case
72 outer case
73 separator
74 communication hole
76 baffle
77 filter screen
81 lower channel
82 upper channel
83 lower port
84 upper port
85 baffle
86 oil storage part
87 oil leakage amount sensor
88 oil leakage rate sensor
89a oil leakage sensor
89b oil leakage sensor

Claims

1. A Stirling engine comprising:

a piston that reciprocates in a cylinder;
a heat exchanger that promotes contraction and
expansion of an operating fluid in the cylinder;
and
a power takeout device that converts a recipro-
cation driving force by the piston to a rotative
force, wherein
the heat exchanger alternately repeats contrac-
tion and expansion of the operating fluid in the
cylinder to cause the piston to reciprocate,
the power takeout device is disposed in a crank
box incorporated in a crankcase so that a first
buffer chamber is defined outside the crank box
and a second buffer chamber is defined inside
the crank box in the crankcase,
the first buffer chamber and the second buffer
chamber communicate with each other through
a breather, and
an orifice is formed in a box coupled portion that
causes the breather to communicate with the
second buffer chamber.
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2. The Stirling engine according to claim 1, wherein
the breather is divided into a first compartment com-
municating with the second buffer chamber and a
second compartment communicating with the first
buffer chamber,
the first and second compartments communicate
with each other through a communication port that
forms an orifice, and
in the breather, the box coupled portion is disposed
at a lowest portion and is located at a position above
an oil level of lubricating oil enclosed in the crank
box, and the first compartment has a volume larger
than an amount of volume change by piston recip-
rocation.

3. The Stirling engine according to claim 2, wherein
the first compartment is divided, by a separator in-
cluding a communication hole, into at least two
processing rooms including a final processing room
communicating with the second compartment, and
a total volume of the processing rooms excluding the
final processing room is greater than or equal to the
amount of volume change.

4.  The Stirling engine according to claim 3, wherein
the number of processing rooms excluding the final
processing room is two or more.

5. The Stirling engine according to claim 2, wherein
the first compartment is divided, by a separator in-
cluding a communication hole, into an initial process-
ing room communicating with the box coupled por-
tion, a final processing room communicating with the
second compartment, and an intermediate process-
ing room between the initial processing room and
the final processing room, and
a volume of each of the initial processing room, the
intermediate processing room, and the final process-
ing room is greater than or equal to a half of the
amount of volume change.

6. The Stirling engine according to claim 2, wherein
the breather has a double pipe structure in which an
inner case coupled to the crank box by the box cou-
pled portion is covered with an outer case coupled
to the crankcase by a case coupled portion that is
open at an outer periphery of the box coupled portion,
the box coupled portion projects from a coupling por-
tion between the case coupled portion and the crank-
case toward inside of the crankcase and is coupled
to the crank box, and
the inner case has a communication port through
which the first and second compartments communi-
cate with each other, in a highest portion opposite
to the box coupled portion.

21 22 



EP 3 530 922 A1

13



EP 3 530 922 A1

14



EP 3 530 922 A1

15



EP 3 530 922 A1

16



EP 3 530 922 A1

17



EP 3 530 922 A1

18



EP 3 530 922 A1

19



EP 3 530 922 A1

20



EP 3 530 922 A1

21



EP 3 530 922 A1

22



EP 3 530 922 A1

23



EP 3 530 922 A1

24



EP 3 530 922 A1

25



EP 3 530 922 A1

26



EP 3 530 922 A1

27



EP 3 530 922 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 530 922 A1

29

5

10

15

20

25

30

35

40

45

50

55



EP 3 530 922 A1

30

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP S63243574 B [0004] • JP 4873647 B [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

