wo 2016/103019 A 1[I I NFF V0 00O OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

30 June 2016 (30.06.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/103019 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
F02B 75/04 (2006.01) F16C 7/06 (2006.01)

International Application Number:
PCT/IB2015/002404

International Filing Date:
22 December 2015 (22.12.2015)

Filing Language: English
Publication Language: English
Priority Data:

2014-259416 22 December 2014 (22.12.2014) JP

Applicant: TOYOTA JIDOSHA KABUSHIKI KAIS-
HA [JP/JP]; 1, Toyota-cho, Toyota-shi, Aichi-ken, 471-
8571 (JP).

Inventors: EZAKI, Shuichi; ¢/o TOYOTA JIDOSHA
KABUSHIKI KAISHA, of 1, Toyota-cho, Toyota-shi,
Aichi-ken, 471-8571 (JP). KAMO, Yoshiro; c/o
TOYOTA JIDOSHA KABUSHIKI KAISHA, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP). KI-
DOOKA, Akio; ¢/o TOYOTA JIDOSHA KABUSHIKI
KAISHA, of 1, Toyota-cho, Toyota-shi, Aichi-ken, 471-
8571 (JP).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: VARIABLE LENGTH CONNECTING ROD AND VARIABLE COMPRESSION RATIO INTERNAL COMBUSTION
ENGINE

34a
3% FIG.
52
35\\5‘1
84 62
VI 55(56) \LVUI

63
66

.

533(54a)i 55a(56a) i3

A

7

(57) Abstract: A variable length connecting rod in-
cludes a connecting rod body, an eccentric member, a
first piston mechanism, a second piston mechanism and
a flow-direction switching mechanism. The eccentric
member, the first piston member, the second piston
member and the flow-direction switching mechanism
are provided in the connecting rod body. The first piston
mechanism and the second piston mechanism are con-
figured to pivot the eccentric member. The connecting
rod body has a control oil passage that communicates
with a first opening of the connecting rod and the flow-
direction switching mechanism. The flow-direction
switching mechanism is switched between the first state
and the second state by switching pins. The switching
pins are disposed in the connecting rod body such that
directions in which the switching pins are operated are
angled with respect to a plane perpendicular to an axis
of'the first opening.
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VARIABLE LENGTH CONNECTING ROD AND VARIABLE COMPRESSION RATIO
INTERNAL COMBUSTION ENGINE

BACKGROUND

1. Technical Field
[0001]  The invention relates to a variable length connecting rod, an effective length
of which can be varied, and a variable compression ratio internal combustion engine including

the variable length connecting rod.

2. Description of Related Art

[0002] An internal combustion engine including a variable compression ratio
mechanism that can vary a mechanical compression ratio of the internal combustion engine
has been known. Examples of the variable compression ratio mechanism include those that
vary an effective length of a connecting rod used in the internal combustion engine (for
example, Japanese Patent Application Publication No. 6-1 29272; International Publication No.
WO02014/019683, Japanese Patent Application Publication No. 2011-196549, and Japanese
Patent Application Publication No. 3-242433). The effective length of the connecting rod
means a distance between the center of a first opening that receives a crankpin and the center
of a second opening that receives a piston pin in the connecting rod. Therefore, when the
effective length of the connecting rod is increased, a volume of a combustion chamber when a
piston is at a compression top dead center is decreased, so that the mechanical compression
ratio 1s increased. On the other hand, when the effective length of the connecting rod is
decreased, the volume of the combustion chamber when the piston is at the cdmpression top
dead center is increased, so that the mechanical compression ratio is decreased.

[0003] © A connecting rod in which an eccentric member (an eccentric arm or an
eccentric sleeve) that can pivot with respect to a connecting rod body is provided at a small
end of the connecting rod body has been known as the variable length connecting rod, the
effective length of which can be varied (for example, JP 6-129272 A, International Publication
No. W02014/019683, and JP 2011-196549 A). The eccentric member has a second opening
that receives a piston pin. The second opening is provided eccentrically from a pivot axis of
the eccentric member. In the variable length connecting rod, when a pivoting position of the
eccentric member is changed, the effective length of the connecting rod can be
correspondingly varied. _

[0004] In a variable length connecting rod described in JP 6-129272 A, a pivoting
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position of an eccentric member is changed by hydraulically operating a switching pin (a
switcher) of a fluid switching mechanism. However, a direction in which the switching pin
is operated is a direction on a plane perpendicular to an axis of a crankshaft. Thus, when the
connecting rod moves vertically and horizontally in association with rotation of the crankshatft,
an inertial force in the operating direction of the switching pin is correspondingly applied to
the switching pin. Therefore, the switching pin may be unintentionally moved when an
engine rotation speed becomes high or the like.

[0005] On the other hand, International Publication No. W0O2014/019683 describes a
variable length connecting rod using a switching pin that is operated in a direction parallel to
an axis of a crankshaft. Since the operating direction of the switching pin described in
International Publication No. WO2014/019683 is perpendicular to a movement direction of
the connecting rod, the switching pin is unlikely to be influenced by inertia even when the
connecting rod moves.

[0006] However, the switching pin described in International Publication No.
WO2014/019683 has an entire length larger than a thickness of a connecting rod body (a
length of the connecting rod body in an axial direction of the crankshaft), and projects out of a
receiving hole for the switching pin formed in the connecting rod body. Also, by pushing
the switching pin by a cam disc that is provided outside of the connecting rod, an operating
position of the switching pin is switched. Therefore, in the variable length connecting rod
described in International Publication No. W0O2014/019683, it is necessary to provide the cam
disc around the connecting rod in order to switch the operating position of the switching pin.
Thus, a complicated mechanism is required in addition to the connecting rod in order to

switch the operating position of the switching pin.

SUMMARY

[0007]  The disclosure provides a variable length connecting rod that does not require
a complicated mechanism other than the connecting rod in order to switch a switching pin that
switches a pivoting position of an eccentric member while preventing an inertial force in
association with movement of the connecting rod from being applied to the switching pin.

[0008]  An example aspect of the disclosure provides a variable length connecting
rod includes a connecting rod body, an eccentric member, a first piston mechanism, a second
piston mechanism, a flow-direction switching mechanism
The connecting rod body includes a big end and a small end, the big end has a first opening
that receives a crankpin, and the small end is positioned on an opposite side to the big end in
an axial direction of the connecting rod body. The eccentric member is mounted to the

connecting rod body pivotally in a circumferential direction of the small end. The eccentric
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member is configured to vary an effective length of the variable length connecting rod when
the eccentric member pivots. The first piston mechanism includes a first cylinder and a first
piston. The first cylinder is provided in the connecting rod body. The first piston is
configured to slide in the first cylinder. The first piston mechanism is configured to pivot
the eccentric member in a first direction such that the effective length of the variable length
connecting rod is increased when hydraulic otl is supplied into the first cylinder. The second
piston mechanism includes a second cylinder and a second piston. The second cylinder is
provided in the connecting rod body. The second piston i1s configured to slide in the second
cylinder. The second piston mechanism is configured to pivot the eccentric member in a
second direction opposite to the first direction such that the effective length is decreased when
the hydraulic oil is supplied into the second cylinder. The flow-direction switching
mechanism is provided within the connecting rod body. The flow-direction switching
mechanisin i1s configured to be switched between a first state and a second state. The first
state i1s a state in which a flow of the hydraulic oil from the first cylinder to the second
cylinder is prohibited, and a flow of the hydraulic oil from the second cylinder to the first
cylinder is permitted. The second state is a state in which the flow of the hydraulic oil from
the tirst cylinder to the second cylinder is permitted, and the flow of the hydraulic oil from the
second cylinder to the first cylinder is prohibited. The connecting rod body has a control oil
passage that communicates with the first opening and the flow-direction switching
n%echanism. The flow-diréction switching mechanism includes a plurality of switching pins,
and the plurality of switching pins are configured to be operated by a hydraulic pressure
flowing through the control oil passage. The plurality of switching pins are configured to be
operated such that the flow-direction switching mechanism is switched between the first state
and the second state. The plurality of switching pins are disposed in the connecting rod
body such that directions in which the plurality of switching pins are operated are angled with
respect to a plane perpendicular to an axis of the first opening. The flow-direction switching
mechanism is switched between the first state and the second state by the hydraulic pressure
flowing through the control oil passage.

[0009] In the variable length connecting rod, the plurality of switching pins may be
arranged such that operating directions of each of the plurality of switching pins are parallel to
the axis of the first opening.

[0010] In the variable length connecting rod, the flow-direction switching
mechanism may be disposed between the first and second cylinders and the first opening in
the axial direction of the connecting rod body.

[0011) In the wvariable length connecting rod, the flow-direction switching

mechanism may include a first switching pin and a second switching pin, and an operating
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direction of the first switching pin and an operating direction of the second switching pin
when the hydraulic pressure is supplied via the control oil passage may be opposite to each
other.

[0012] In the variable length connecting rod, the flow-direction switching
mechanism may be configured to be switched to the second state such that the effective length
of the vartable length connecting rod is decreased when the hydraulic pressure is not supplied
via the control oil passage, and the flow-direction switching mechanism may be configured to
be switched to the first state such that the effective length of the vanable length connecting
rod is increased when the hydraulic pressure is supplied via the control oil passage.

[0013] In the variable length connecting rod, the flow-direction switching
mechanism may include a first switching pin, a second switching pin, and a check valve.
The check valve may permit a flow from a primary side to a secondary side, and prohibits a
flow from the secondary side to the primary side. The second cylinder may be connected to
the primary side of the check valve. The first cylinder may be connected to the secondary
side of the check valve when the flow-direction switching mechanism is in the first state by
the first switching pin and the second switching pin. The first cylinder may be connected to
the primary side of the check valve, and the second cylinder may be connected to the
secondary side of the check valve when the flow-direction switching mechanism 1is in the
second state by the first switching pin and the second switching pin.

[0014] In the variable length connecting rod, the first switching pin and the second
switching pin may be provided on opposite sides with respect to a center axis of the
connecting rod body. The check valve may be provided on the center axis of the connecting
rod body.

[0015] In the variable length connecting rod, the connecting rod body may have a
plurality of pin accommodating spaces, a valve accommodating space, and a plurality of
communication oil passages. The first switching pin and the second switching pin may be
accommodated in the respective plurality of pin accommodating spaces. The check valve
may be accommodated in the valve accommodating space. The plurality of communication
oil passages may bring the plurality of pin accommodating spaces and the valve
accommodating space into communication, and the first opening may be positioned on
respective extended lines of the plurality of communication oil passages.

[0016] In the variable length connecting rod, the connecting rod body may have a
first pin accommodating space, a second pin accommodating space, a first piston
communication oil passage, and a second piston communication oil passage. The first
switching pin may be accommodated in the first pin accommodating space, and the second

switching pin may be accommodated in the second pin accommodating space. The first
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cylinder may communicate with only the first piston communication oil passage that
communicates with the first pin accommodating space, and the second cylinder may
communicate with only the second piston communication oil passage that communicates with
the second pin accommodating space. The first opening may be positioned on respective
extended lines of the first piston communication oil passage and the second piston
communication oil passage.

[0017] In the variable length connecting rod, the check valve may be positioned
closer to the first opening than the first switching pin and the second switching pin. The
connecting rod body may have a replenishment oil passage, the replenishment oil passage
communicating with the primary side of the check valve.

[0018] Another example aspect of the disclosure provides a variable compression
ratio internal combustion engine includes the variable length connecting rod. The variable
compression ratio internal combustion engine is configured to vary a mechanical compression
ratio. The mechanical compression ratio of the variable compression ratio internal
combustion engine is varied by varying the effective length of the variable length connecting
rod.

[0019] In accordance with the above configuration, the variable length connecting
rod that does not require a complicated mechanism other than the connecting rod in order to
switch the switching pin that switches a pivoting position of the eccentric member while
preventing an inertial force in association with movement of the connecting rod from being

applied to the switching pin is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Features, advantages, and technical and industnial significance of exemplary
embodiments will be described below with reference to the accompanying drawings, in which
like numerals denote like elements, and wherein:

FIG. 1 is a schematic sectional side view of a variable compression ratio internal
combustion engine according to an embodiment;

FIG. 2 is a perspective view schematically illustrating a variable length connecting rod
according to the embodiment;

FIG. 3 is a sectional side view schematically illustrating the variable length connecting
rod according to the embodiment;

FIG. 4 is a schematic exploded perspective view of a region around a small end of a
connecting rod body according to the embodiment;

FIG. 5 is a schematic exploded perspective view of the region around the small end of

the connecting rod body according to the embodiment;
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FIGS. 6A, 6B are sectional side views schematically illustrating the variable length
connecting rod according to the embodiment;

FIG. 7 is a sectional side view of the connecting rod illustrating an enlarged region in
which a flow-direction switching mechanism is provided according to the embodiment;

FIGS. 8A, 8B are sectional views of the connecting rod taken along VIII-VIII and IX-1X
in FIG. 7,

FIG. 9 is a schematic view for explaining an operation of the flow-direction switching
mechanism when a hydraulic pressure is supplied to switching pins from hydraulic pressure
supply sources according to the embodiment; and

FIG. 10 is a schematic view for explaining an operation of the flow-direction switching
mechanism when the hydraulic pressure is not supplied to the switching pins from the

hydraulic pressure supply sources according to the embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] Hereinafter, an embodiment will be described in detail by reference to the
drawings. Note that like constituent elements are assigned the same reference numerals in
the following description.

[0022] FIG. 1 1s a schematic sectional side view of a variable compression ratio
internal combustion engine according to the present embodiment. By referring to FIG. 1,
reference numeral 1 denotes an internal combustion engine. The internal combustion engine
1 includes a crankcase 2, a cylinder block 3, a cylinder head 4. a piston 5, a variable length
connecting rod 6, a combustion chamber 7, a spark plug 8 that is disposed in a center portion
of a top surface of the combustion chamber 7, an intake valve 9, an intake camshaft 10, an
intake port 11, an exhaust valve 12, an exhaust camshaft 13, and an exhaust port 14.

[0023] The variable length connecting rod 6 is connected to the piston 5 by a piston
pin 21 at a small end of the variable length connecting rod 6, and is connected to a crankpin
22 of a crankshaft at a big end of the variable length connecting rod 6. In the variable length
connecting rod 6, a distance from an axis of the piston pin 21 to an axis of the crankpin 22,
that s, an effective length can be varied as described later.

[0024]  When the effective length of the variable length connecting rod 6 is increased,
a length from the crankpin 22 to the piston pin 21 is increased. Thus, a volume of the
combustion chamber 7 when the piston 5 is at a top dead center is decreased as indicated by a
solid line in FIG. 1. On the other hand, even when the effective length of the variable length
connecting rod 6 is varied, a stroke length of the piston 5 reciprocating in a cylinder is not
changed. Therefore, at this time, a mechanical compression ratio of the internal combustion

engine 1 1s increased.
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[0025] On the other hand, when the effective length of the variable length
connecting rod 6 is decreased, the length from the crankpin 22 to the piston pin 21 is
decreased. Thus, the volume of the combustion chamber 7 when the piston 5 is at the top
dead center is increased as indicated by a dashed line in FIG. 1. However, the stroke length
of the piston 5 is constant as described above. Therefore, at this time, the mechanical
compression ratio of the internal combustion engine 1 is decreased.

[0026] FIG. 2 is a perspective view schematically illustrating the variable length
connecting rod 6 according to the present embodiment.. FIG. 3 is a sectional side view
schematically illustrating the variable length connecting rod 6 according to the present
embodiment. As shown in FIGS. 2, 3, the variable length connecting rod 6 includes a
connecting rod body 31, an eccentric member 32 that is pivotally mounted to the connecting
rod body 31, a first piston mechanism 33 and a second piston mechanism 34 that are provided
on the connecting rod body 31, and a flow-direction switching mechanism 35 that switches a
flow of hydraulic oil to the piston mechanisms 33, 34.

[0027] First, the connecting rod body 31 will be described. The connecting rod
body 31 has a crank receiving opening 41 that receives the crankpin 22 of the crankshaft at
one of end portions, and a sleeve receiving opening 42 that receives a sleeve of the eccentric
member 32 described below at the other of the end portions.  The crank receiving opening 41
is larger than the sleeve receiving opening 42. Thus, the end portion of the connecting rod
body 31 on a side where the crank receiving opening 41 is provided is referred to as a big end
31a, and the end portion of the connecting rod body 31 on a side where the sleeve receiving
opening 42 is provided is referred to as a small end 31b.

[0028] Note that a line X (FIG. 3, referred as an axis X) extending between a center
axis of the crank receiving opening 41 (that is, the axis of the crankpin 22 received in the
crank receiving opening 41) and a center axis of the sleeve receiving opening 42 (that is, an
axis of the sleeve received in the sleeve receiving opening 42), that is, a line passing through
the center of the connecting rod body 31 is referred to as an axis of the connecting rod 6. A
length of the connecting rod in a direction perpendicular to the axis X of the connecting rod 6
and perpendicular to the center axis of the crank receiving opening 41 is referred to as a width
of the connecting rod. Also, a length of the connecting rod in a direction parallel to the
center axis of the crank receiving opening 41 is referred to as a thickness of the connecting
rod.

[0029] As is understood from FIGS. 2, 3, a width of the connecting rod body 31 is
smallest at an intermediate portion between the big end 31a and the small end 31b. A width
of the big end 31a is larger than a width of the small end 31b. On the other hand, a thickness

of the connecting rod body 31 is almost constant except for a region in which the piston
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mechanisms 33, 34 are provided.

[0030] Next, the eccentric member 32 will be described. FIGS. 4, 5 are schematic
perspective views of a region around the small end 31b of the connecting rod body 31. The
eccentric member 32 is shown in an exploded state in FIGS. 4, 5. By referring to FIGS. 2 to
5, the eccentric member 32 includes a cylindrical sleeve 32a that is received in the sleeve
receiving opening 42 formed in the connecting rod body 31, a pair of first arms 32b that
extend in one direction in a width direction of the connecting rod body 31 from the sleeve 32a.
and a pair of second arms 32c that extend in another direction (a direction roughly opposite to
the above one direction) in the width direction of the connecting rod body 31 from the sleeve
32a. The sleeve 32a can pivot in the sleeve receiving opening 42. Thus, the eccentric
member 32 is mounted to the connecting rod body 31 pivotally in a circumferential direction
of the small end 31b of the connecting rod body 31 at the small end 31b.

[0031] The sleeve 32a of the eccentric member 32 also has a piston pin receiving
opening 32d that receives the piston pin 21.  The piston pin receiving opening 32d is formed
in a cylindrical shape. The cylindrical piston pin receiving opening 32d is formed such that
an axis of the piston pin receiving opening 32d is parallel to but not coaxial with a center axis
of a cylindrical outer shape of the sleeve 32a. Therefore, the center of the piston pin
receiving opening 32d is eccentric from the center of the cylindrical outer shape of the sleeve
32a.

[0032] As described above, in the present embodiment, the center of the piston pin
receiving opening 32d of the sleeve 32a is eccentric from the center of the cylindrical outer
shape of the sleeve 32a. Therefore, when the eccentric member 32 pivots, a position of the
piston pin receiving opening 32d in the sleeve receiving opening 42 is changed. When the
position of the piston pin receiving opening 32d is on the big end 3la-side in the sleeve
receiving opening 42, the effective length of the connecting rod is decreased. Conversely,
when the position of the piston pin receiving opening 32d is opposite to the big end 31a-side
in the sleeve receiving opening 42, the effective length of the connecting rod is increased.
Therefore, in accordance with the present embodiment, the effective length of the connecting
rod 6 is varied by pivoting the eccentric member.

[0033] Next, the first piston mechanism 33 will be described by reference to FIG. 3.
The first piston mechanism 33 has a first cylinder 33a that is formed in the connecting rod
body 31, and a first piston 33b that slides in the first cylinder 33a. The first cylinder 33a is
almost or entirely disposed on the first arm 32b-side with respect to the axis X of the
connecting rod 6. The first cylinder 33a is also disposed at a certain inclined angle with
respect to the axis X so as to project in the width direction of the connecting rod body 31

toward the small end 31b. The first cylinder 33a also communicates with the flow-direction



10

15

20

25

30

35

WO 2016/103019 PCT/IB2015/002404

switching mechanism 35 via a first piston communication oil passage 51.

[0034] The first piston 33b is connected to the first arms 32b of the eccentric
member 32 by a first connection member 45. The first piston 33b is rotatably connected to
the first connection member 45 by a pin. The first arms 32b are rotatably connected to the
first connection member 45 by a pin at an end portion opposite to a side where the first arms
32b are connected to the sleeve 32a.

[0035]  Next, the second piston mechanism 34 will be described. The second piston
mechanism 34 has a second cylinder 34a that is formed in the connecting rod body 31, and a
second piston 34b that slides in the second cylinder 34a. The second cylinder 34a is almost
or entirely disposed on the second arm 32c-side with respect to the axis X of the connecting
rod 6. The second cylinder 34a is also disposed at a certain inclined angle with respect to the
axis X so as to project in the width direction of the connecting rod body 31 toward the small
end 31b. The second cylinder 34a also communicates with the flow-direction switching
mechanism 35 via a second piston communication oil passage 52.

[0036] The second piston 34b is connected to the second arms 32c¢ of the eccentric
member 32 by a second connection member 46. The second piston 34b is rotatably
connected to the second connection member 46 by a pin. The second arms 32c are rotatably
connected to the second connection member 46 by a pin at an end portion opposite to a side
where the second arms 32c¢ are connected to the sleeve 32a.

[0037] Next, operations of the eccentric member 32, the first piston mechanism 33,
and the second piston mechanism 34 having the above configurations will be described by
reference to FIGS. 6A, 6B. FIG. 6A shows a state in which the hydraulic oil is supplied into
the first cylinder 33a of the first piston mechanism 33, and the hydraulic oil is not supplied
into the second cylinder 34a of the second piston mechanism 34. On the other hand, FIG.
6B shows a state in which the hydraulic oil is not supplied into the first cylinder 33a of the
first piston mechanism 33, and the hydraulic o1l is supplied into the second cylinder 34a of the
second piston mechanism 34.

[0038] Here, as described later, the flow-direction switching mechanism 35 can be
switched between a first state in which a flow of the hydraulic oil from the first cylinder 33a
to the second cylinder 34a is prohibited, and a flow of the hydraulic oil from the second
cylinder 34a to the first cylinder 33a is permitted, and a second state in which the flow of the
hydraulic oil from the first cylinder 33a to the second cylinder 34a is permitted, and the flow
of the hydraulic oil from the second cylinder 34a to the first cylinder 33a is prohibited.

[0039] When the flow-direction switching mechanism 35 is in the first state in which
the flow of the hydraulic oil from the first cylinder 33a to the second cylinder 34a is

prohibited, and the flow of the hydraulic oil from the second cylinder 34a to the first cylinder
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33a is permitted, the hydraulic oil is supplied into the first cylinder 33a, and is discharged
from the second cylinder 34a as shown in FIG. 6A. Therefore, the first piston 33b moves up,
and the first arms 32b of the eccentric member 32 connected to the first piston 33b also move
up. On the other hand, the second piston 34b moves down, and the second arms 32c¢
connected to the second piston 34b also move down. As a result, in an example shown in
FIG. 6A, the eccentric member 32 is pivoted in a direction of an arrow in FIG. 6A, and the
position of the piston pin receiving opening 32d is resultantly raised. Therefore, a length
between the center of the crank receiving opening 41 and the center of the piston pin
receiving opening 32d, that is, the effective length of the connecting rod 6 is increased to L1
in FIG.6A. That is, when the hydraulic oil is supplied into the first cylinder 33a, and is
discharged from the second cylinder 34a, the effective length of the connecting rod 6 is
increased.

[0040] On the other hand, when the flow-direction switching mechanism 35 is in the
second state in which the flow of the hydraulic oil from the first cylinder 33a to the second
cylinder 34a is permitted, and the flow of the hydraulic oil from the second cylinder 34a to the
first cylinder 33a is prohibited, the hydraulic oil is supplied into the second cylinder 34a, and
is discharged from the first cylinder 33a as shown in FIG. 6B. Therefore, the second piston
34b moves up, and the second arms 32c¢ of the eccentric member 32 connected to the second
piston 34b also move up. On the other hand, the first piston 33b moves down, and the first
arms 32b connected to the first piston 33b also move down. As a result, in an example
shown in FIG. 6B, the eccentric member 32 is pivoted in a direction of an arrow in FIG. 6B (a
direction opposite to the arrow in FIG. 6A), and the position of the piston pin receiving
opening 32d i1s resultantly lowered. Therefore, the length between the center of the crank
receiving opening 41 and the center of the piston pin receiving opening 32d, that is, the
effective length of the connecting rod 6 is decreased to L2 in FIG. 6B smaller than L1. That
is, when the hydraulic o1l is supplied into the second cylinder 34a, and is discharged from the
first cylinder 33a, the effective length of the connecting rod 6 is decreased.

[0041] In the connecting rod 6 according to the present embodiment, the effective
length of the connecting rod 6 can be switched between L1 and L2 by switching the
flow-direction switching mechanism 35 between the first state and the second state as
described above. As a result, the mechanical compression ratio can be varied in the internal
combustion engine 1 using the connecting rod 6.

[0042] Here, when the flow-direction switching mechanism 35 is in the first state,
the first piston 33b and the second piston 34b move to positions shown in FIG. 6A basically
without supplying the hydraulic oil from outside. This is because the second piston 34b is

pushed in when an upward inertial force is applied to the piston 5 with the piston 5
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reciprocating in the cylinder of the internal combustion engine 1, and the hydraulic oil in the
second cylinder 34a thereby moves to the first cylinder 33a. On the other hand, when a
downward inertial force is applied to the piston 5 with the piston 5 reciprocating in the
cylinder of the internal combustion engine 1, or a downward force is applied to the piston 5
with an air-fuel mixture being combusted in the combustion chamber 7, the first piston 33b is
to be pushed in. However, since the flow of the hydraulic o1l from the first cylinder 33a to
the second cylinder 34a is prohibited by the flow-direction switching mechanism 35, the
hydraulic oil in the first cylinder 33a does not flow out. Thus, the first piston 33b is not
pushed in.

[0043] On the other hand, when the flow-direction switching mechanism 35 is in the
second state, the first piston 33b and the second piston 34b move to positions shown in FIG.
6B basically without supplying the hydraulic oil from outside as well. This is because the
first piston 33b is pushed in when a downward inertial force is applied to the piston 5 with the
piston 5 reciprocating in the cylinder of the internal combustion engine 1, or a downward
force is applied to the piston 5 with an air-fuel mixture being combusted in the combustion
chamber 7, and the hydraulic oil in the first cylinder 33a thereby moves to the second cylinder
34a. On the other hand, when an upward inertial force is applied to the piston 5 with the
piston 5 reciprocating in the cylinder of the internal combustion engine 1, the second piston
34b is to be pushed in. However, since the flow of the hydraulic oil from the second
cylinder 34a to the first cylinder 33a is prohibited by the flow-direction switching mechanism
35, the hydraulic oil in the second cylinder 34a does not flow out. Thus, the second piston
34b 1s not pushed in.

[0044] Next, a configuration of the flow-direction switching mechanism 35 will be
described by reference to FIGS. 7, 8A, 8B. FIG. 7 is a sectional side view of the connecting
rod illustrating an enlarged region in which the flow-direction switching mechanism 35 is
provided. FIG. 8A is a sectional view of the connecting rod taken along VIII-VIII in FIG. 7.
FIG. 8B is a sectional view of the connecting rod taken along IX-1X in FIG. 7. As described
above, the flow-direction switching mechanism 35 is a mechanism that is switched between
the first state in which the flow of the hydraulic oil from the first cylinder 33a to the second
cylinder 34a is prohibited, and the flow of the hydraulic o1l from the second cylinder 34a to
the first cylinder 33a is permitted, and the second state in which the flow of the hydraulic oil
from the first cylinder 33a to the second cylinder 34a is permitted, and the flow of the
hydraulic oil from the second cylinder 34a to the first cylinder 33a is prohibited.

[0045] As shown in FIG. 7, the flow-direction switching mechanism 35 includes two
switching pins 61, 62, and one check valve 63. The two switching pins 61, 62 and the check

valve 63 are disposed between the first and second cylinders 33a, 34a and the crank receiving
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opening 41 in a direction of the axis X of the connecting rod body 31. The check valve 63 is
disposed closer to the crank receiving opening 41 than the two switching pins 61, 62 in the
direction of the axis X of the connecting rod body 31.

[0046] Moreover, the two switching pins 61, 62 are provided on opposite sides with
respect to the axis X of the connecting rod body 31, and the check valve 63 is provided on the
axis X. Accordingly, it is possible to suppress a decrease in bilateral weight balance of the
connecting rod body 31 due to the switching pins 61, 62 and the check valve 63 provided in
the connecting rod body 31 A

[0047] The two switching pins 61, 62 are accommodated in cylindrical pin
accommodating spaces 64, 65, respectively. In the present embodiment, the pin
accommodating spaces 64, 65 are formed such that axes of the pin accommodating spaces 64,
65 extend parallel to the center axis of the crank receiving opening 41. The switching pins
61, 62 can slide in the pin accommodating spaces 64, 65 in directions in which the pin
accommodating spaces 64, 65 extend. That is, the switching pins 61, 62 are disposed in the
connecting rod body 31 such that operating directions of the switching pins 61, 62 are parallel
to the center axis of the crank receiving opening 41.

[0048] The first pin accommodating space 64 that accommodates the first switching
pin 61 is formed as a pin accommodating hole that is opened to one of side surfaces of the
connecting rod body 31 and is closed to the other of the side surfaces of the connecting rod
body 31 as shown in FIG. 8A. Also, the second pin accommodating space 65 that
accommodates the second switching pin 62 is formed as a pin accommodating hole that is
opened to the other of the side surfaces of the connecting rod body 31 and is closed to the one
of the side surfaces as shown in FIG. 8A.

[0049]  The first switching pin 61 has two circumferential grooves 6la, 61b that
extend in a circumferential direction of the first switching pin 61. The circumferential
grooves 6la, 61b are brought into communication with each other by a communication
passage 61c that is formed in the first switching pin 61. A first urging spring 67 is also
accommodated in the first pin accommodating space 64. The first switching pin 61 is urged
in the direction parallel to the center axis of the crank receiving opening 41 by the first urging
spring 67. Particularly, in an example shown in FIG. 8A, the first switching pin 61 is urged
toward a closed end portion of the first pin accommodating space 64,

[0050] Similarly, the second switching pin 62 has two circumferential grooves 62a,
62b that extend in a circumferential direction of the second switching pin 62. The
circumferential grooves 62a, 62b are brought into communication with each other by a
communication passage 62c that is formed in the second switching pin 62. A second urging

spring 68 is also accommodated in the second pin accommodating space 65. The second
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switching pin 62 is urged in the direction parallel to the center axis of the crank receiving
opening 41 by the second urging spring 68. = Particularly, in the example shown in FIG. 8A,
the second switching pin 62 is urged toward a closed end portion of the second pin
accommodating space 65. As a result, the second switching pin 62 is urged in a direction
opposite to the first switching pin 61.

[0051] Moreover, the first switching pin 61 and the second switching pin 62 are
disposed in directions opposite to each other in the direction parallel to the center axis of the
crank receiving opening 41. The second switching pin 62 is also urged in the direction
opposite to the first switching pin 61. Therefore, in the present embodiment, the operating
directions of the first switching pin 61 and the second switching pin 62 are opposite to each
other when a hydraulic pressure is supplied to the first switching pin 61 and the second
switching pin 62.

[0052] The check valve 63 is accommodated in a cylindrical check valve
accommodating space 66. In the present embodiment, the check valve accommodating
space 66 is also formed so as to extend parallel to the center axis of the crank receiving
opening 41. The check valve 63 can move in the check valve accommodating space 66 in a
direction in which the check valve accommodating space 66 extends. Therefore, the check
valve 63 is disposed in the connecting rod body 31 such that an operating direction of the
check valve 63 is parallel to the center axis of the crank receiving opening 41. The check
valve accommodating space 66 is formed as a check valve accommodating hole that is opened
to one of the side surfaces of the connecting rod body 31, and is closed to the other of the side
surfaces of the connecting rod body 31.

[0053] The check valve 63 is configured to permit a flow from a primary side (an
upper side in FIG. 8B) to a secondary side (a lower side in FIG. 8B), and prohibit a flow from
the secondary side to the primary side.

[0054] The first pin accommodating space 64 that accommodates the first switching
pin 61 is brought into communication with the first cylinder 33a via the first piston
communication oil passage 51. As shown in FIG. 8A, the first piston communication oil
passage 51 is brought into communication with the first pin accommodating space 64 at
around the center in a thickness direction of the connecting rod body 31. The second pin
accommodating space 65 that accommodates the second switching pin 62 is brought into
communication with the second cylinder 34a via the second piston communication oil passage
52.  As shown in FIG. 8A, the second piston communication oil passage 52 is also brought
into communication with the second pin accommodating space 65 at around the center in the
thickness direction of the connecting rod body 31.

[0055]) Note that the first piston communication oil passage 51 and the second piston
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communication oil passage 52 are formed by performing cutting by a drill or the like from the
crank receiving opening 41. Therefore, a first extended oil passage S5la and a second
extended oil passage 52a are formed coaxially with the first piston communication oil passage
51 and the second piston communication oil passage 52 on the crank receiving opening
41-side of the piston communication oil passages 51, 52. In other words, the first piston
communication oil passage 51 and the second piston communication oil passage 52 are
formed such that the crank receiving opening 41 is positioned on extended lines of the piston
communication oil passages 51, 52. The first extended oil passage 5la and the second
extended o1l passage 52a are closed by, for example, a bearing metal 71 that is provided in the
crank receiving opening 41.

[0056] The first pin accommodating space 64 that accommodates the first switching
pin 61 is brought into communication with the check valve accommodating space 66 via two
space communication oil passages 53, 54. One of the space communication oil passages,
that 1s, the first space communication oil passage 53 is brought into communication with the
first pin accommodating space 64 and the secondary side of the check valve accommodating
space 66 on one of the side surface sides (the lower side in FIG. 8B) with respect to the center
in the thickness direction of the connecting rod body 31 as shown in FIG. 8A. The other of
the space communication oil passages, that is, the second space communication oil passage 54
is brought into communication with the first pin accommodating space 64 and the primary
side of the check valve accommodating space 66 on the other of the side surface sides (the
upper side in FIG. §B) with respect to the center in the thickness direction of the connecting
rod body 31. The first space communication oil passage 53 and the second space
communication oil passage 54 are disposed such that an interval in the thickness direction of
the connecting rod body between the first space communication oil passage 53 and the first
piston communication oil passage 51, and an interval in the thickness direction of the
connecting rod body between the second space communication oil passage 54 and the first
piston communication oil passage 51 are equal to an interval in the thickness direction of the
connecting rod body between the circumferential grooves 61a, 61b.

[0057] . The second pin accommodating space 65 that accommodates the second
switching pin 62 is brought into communication with the check valve accommodating space
66 via two space communication oil passages 55, 56. One of the space communication oil
passages, that is, the third space communication oil passage 55 is brought into communication
with the second pin accommodating space 65 and the secondary side of the check valve
accommodating space 66 on one of the side surface sides (the lower side in FIG. §B) with
respect to the center in the thickness direction of the connecting rod body 31 as shown in FIG.

8A. The other of the space communication oil passages, that is, the fourth space
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communication oil passage 56 is brought into communication with the second pin
accommodating space 65 and the primary side of the check valve accommodating space 66 on
the other of the side surface sides (the upper side in FIG. 8B) with respect to the center in the
thickness direction of the connecting rod body 31. The third space communication oil
passage 55 and the fourth space communication oil passage 56 are disposed such that an
interval in the thickness direction of the connecting rod body between the third space
communication oil passage 55 and the second piston communication oil passage 52, and an
interval in the thickness direction of the connecting rod body between the fourth space
communication oil passage 56 and the second piston communication oil passage 52 are equal
to an interval in the thickness direction of the connecting rod body between the
circumferential grooves 62a, 62b.

[0058] The space communication oil passages 53 to 56 are formed by performing
cutting by a drill or the like from the crank receiving opening 41. Therefore, extended oil
passages 53a to 56a are formed coaxially with the space communication oil passages 53 to 56
on the crank receiving opening 41-side of the space communication oil passages 53 to 56. In
other words, the space communication oil passages 53 to 56 are formed such that the crank
receiving opening 41 is positioned on extended lines of the space communication oil passages
53 to 56. The extended oil passages 53a to 56a are closed by, for example, the bearing metal
71.

[0059] As described above, all of the extended oil passages 51a to 56a are closed by
the bearing metal 71. Therefore, only by attaching the connecting rod 6 to the crankpin 22
by using the bearing metal 71, the extended oil passages 51a to 56a can be closed without
separately performing a process for closing the extended oil passages 51a to 56a.

[0060] A first control oil passage 57 that supplies the hydraulic pressure to the first
switching pin 61 and a second control oil passage 58 that supplies the hydraulic pressure to
the second switching pin 62 are also formed in the connecting rod body 31. The first control
oil passage 57 is brought into communication with the first pin accommodating space 64 at an
end portion opposite to an end portion where the first urging spring 67 is provided. The
second control o1l passage 58 is brought into communication with the second pin
accommodating space 65 at an end portion opposite to an end portion where the second
urging spring 68 is provided. The control o1l passages 57, 58 are formed so as to
communicate with the crank receiving opening 41. The control oil passages 57, 58 also
communicate with an external hydraulic pressure supply source via an oil passage (not
shown) that is formed in the crankpin 22.

[0061] Therefore, when the hydraulic pressure is not supplied from the external

hydraulic pressure supply source, the first switching pin 61 and the second switching pin 62
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are urged by the first urging spring 67 and the second urging spring 68, and are positioned on
the closed end portion sides in the pin accommodating spaces 64, 65, respectively, as shown
in FIG. 8A. On the other hand, when the hydraulic pressure is supplied from the external
hydraulic pressure supply source, the first switching pin 61 and the second switching pin 62
are moved against the urging of the first urging spring 67 and the second urging spring 68,
and are positioned on open end portion sides in the pin accommodating spaces 64, 65,
respectively.

[0062] Moreover, a replenishment oil passage 59 that replenishes the hydraulic oil to
the primary side of the check valve 63 within the check valve accommodating space 66 in
which the check valve 63 is accommodated is tormed in the connecting rod body 31.  One of
end portions of the replenishment oil passage 59 is brought into communication with the
check valve accommodating space 66 on the primary side of the check valve 63. The other
of the end portions of the replenishment oil passage 59 is brought into communication with
the crank receiving opening 41. A through-hole 71a is also formed in the bearing metal 71
corresponding to the replenishment oil passage 59. The replenishiment oil passage 59 is
brought into communication with an external hydraulic oil supply source via the through-hole
71a and an oil passage (not shown) that is formed in the crankpin 22. Therefore, the primary
side of the check valve 63 communicates with the hydraulic oil supply source constantly or
periodically in association with rotation of the crankshaft by the replenishment oil passage 59.
Note that the hydraulic oil supply source is a lubricant oil supply source that supplies
lubricant oil to the connecting rod 6 or the like in the present embodiment.

[0063] Next, an operation of the flow-direction switching mechanism 35 will be
described by reference to FIGS. 9, 10. FIG. 9 is a schematic view for explaining the
operation of the flow-direction switching mechanism 35 when the hydraulic pressure is
supplied to the switching pins 61, 62 from hydraulic pressure supply sources 75. FI1G. 10 is
a schematic view for explaining the operation of the flow-direction switching mechanism 35
when the hydraulic pressure is not supplied to the switching pins 61, 62 from the hydraulic
pressure supply sources 75. Although the hydraulic pressure supply sources 75 that supply
the hydraulic pressure to the first switching pin 61 and the second switching pin 62 are
separately depicted in FIGS. 9, 10, the hydraulic pressure is supplied from the same hydraulic
pressure supply source in the present embodiment.

[0064] As shown in FIG. 9, when the hydraulic pressure is supplied from the
hydraulic pressure supply sources 75, the switching pins 61, 62 are moved against the urging
of the urging springs 67, 68 to be positioned at first positions, respectively. As a result, the
first piston communication oil passage 51 and the first space communication oil passage 53

are brought into communication with each other by the communication passage 61c of the
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first switching pin 61, and the second piston communication o1l passage 52 and the fourth
space communication oil passage 56 are brought into communication with each other by the
communication passage 62c of the second switching pin 62. Therefore, the first cylinder 33a
is connected to the secondary side of the check valve 63, and the second cylinder 34a is
connected to the primary side of the check valve 63.

[0065] Here, the check valve 63 is configured to permit the flow of the hydraulic oil
from the primary side with which the second space communication oil passage 54 and the
fourth space communication oil passage 56 communicate, to the secondary side with which
the first space communication oil passage 53 and the third space communication oil passage
55 communicate, but prohibit the opposite flow. Therefore, in a state shown in FIG. 9, while
the hydraulic oil flows from the fourth space communication oil passage 56 to the first space
communication oil passage 53, the hydraulic oil does not flow oppositely.

[0066] As a result, in the state shown in FIG. 9, the hydraulic oil in the second
cylinder 34a can be supplied to the first cylinder 33a through the oil passages in the order of
the second piston communication oil passage 52, the fourth space communication oil passage
56, the first space communication oil passage 53, and the first piston communication oil
passage 51. However, the hydraulic oil in the first cylinder 33a cannot be supplied to the
second cylinder 34a. Therefore, it can be said that the flow-direction switching mechanism
35 is in the first state in which the flow of the hydraulic oil from the first cylinder 33a to the
second cylinder 34a is prohibited, and the flow of the hydraulic oil from the second cylinder
34a to the first cylinder 33a is permitted when the hydraulic pressure is supplied from the
hydraulic pressure supply sources 75. As a result, as described above, the first piston 33b
moves up and the second piston 34b moves down, so that the effective length of the
connecting rod 6 is increased as indicated by L1 in FIG. 6A.

[0067] On the other hand, as shown in FIG. 10, when the hydraulic pressure is not
supplied from the hydraulic pressure supply sources 75, the switching pins 61, 62 are urged
by the urging springs 67, 68 to be positioned at second posttions, respectively. As a result,
the first piston communication oil passage 51 communicating with the first piston mechanism
33 and the second space communication oil passage 54 are brought into communication with
each other by the communication passage 61c of the first switching pin 61.  Also, the second
piston communication oil passage 52 communicating with the second piston mechanism 34
and the third space communication oil passage 55 are brought into communication with each
other by the communication passage 62¢ of the second switching pin 62. Therefore, the first
cylinder 33a is connected to the primary side of the check valve 63, and the second cylinder
34a1s connected to the secondary side of the check valve 63.

[0068] By the action of the check valve 63 described above, in a state shown in FIG.
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10, the hydraulic oil in the first cylinder 33a can be supplied to the second cylinder 34a
through the oil passages in the order of the first piston communication oil passage 51, the
second space communication oil passage 54, the third space communication oil passage 55,
and the second piston communication oil passage 52. However, the hydraulic oil in the
second cylinder 34a cannot be supplied to the first cylinder 33a. Therefore, it can be said
that the flow-direction switching mechanism 35 is in the second state in which the flow of the
hydraulic oil from the first cylinder 33a to the second cylinder 34a is permitted, and the flow
of the hydraulic o1l from the second cylinder 34a to the first cylinder 33a is prohibited when
the hydraulic pressure is not supplied from the hydraulic pressure supply sources 75. As a
result, as described above, the second piston 34b moves up and the first piston 33b moves
down, so that the effective length of the connecting rod 6 is decreased as indicated by L2 in
FIG. 6B.

[0069] Also, in the present embodiment, the hydraulic oil moves between the first
cylinder 33a of the first piston mechanism 33 and the second cylinder 34a of the second
piston mechanism 34 as described above. Therefore, basically, it is not necessary to supply
the hydraulic oil from outside of the first piston mechanism 33, the second piston mechanism
34, and the flow-direction switching mechanism 35. However, the hydraulic oil possibly
leaks outside from a seal or the like provided in the mechanisms 33, 34, 35. In a case in
which the leakage of the hydraulic oil occurs, it is necessary to replenish the hydraulic oil
from outside.

[0070] In the present embodiment, the replenishment oil passage 59 communicates
with the primary side of the check valve 63, so that the primary side of the check valve 63
constantly or periodically communicates with a hydraulic oil supply source 76. Therefore,
even when the hydraulic o1l leaks from the mechanisms 33, 34, 35, or the like, the hydraulic
oil can be replenished.

[0071] The connecting rod 6 moves in a direction perpendicular to the center axis of
the crank receiving opening 41 in association with the rotation of the crankshaft. Therefore,
an inertial force is applied to the switching pins 61, 62 and the check valve 63 in the direction
perpendicular to the center axis of the crank receiving opening 41.  On the other hand, even
when the crankshaft rotates, the connecting rod 6 does not move in the direction parallel to the
center axis of the crank receiving opening 41. Therefore, no inertial force is applied to the
switching pins 61, 62 and the check valve 63 in the direction parallel to the center axis of the
crank receiving opening 41.

[0072] Here, in the above embodiment, the operating directions of the switching pins
61, 62 and the check valve 63 are parallel to the center axis of the crank receiving opening 41.

Therefore, the switching pins 61, 62 and the check valve 63 do not receive an inertial force in
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the operating directions. Malfunction of the switching pins 61, 62 and the check valve 63 in
association with the inertial force can be thereby suppressed.

[0073] In the above embodiment, the operating directions of the switching pins 61,
62 and the check valve 63 are parallel to the center axis of the crank receiving opening 41.
However, as along as the operating directions of the switching pins 61, 62 and the check valve
63 are angled with respect to a plane perpendicular to the center axis of the crank receiving
opening 41, an influence of the inertial force can be decreased as compared to a case in which
the operating directions are perpendicular to the center axis of the crank receiving opening 41.
Therefore, in the present embodiment, as along as the operating directions of the switching
pins 61, 62 and the check valve 63 are angled with respect to the plane perpendicular to the
center axis of the crank receiving opening 41, the operating directions may not be parallel to
the center axis of the crank receiving opening 41. Consequently, the pin accommodating
spaces 64, 65 and the check valve accommodating space 66 only need to be formed so as to
extend in a direction angled with respect to the plane perpendicular to the center axis of the
crank receiving opening 41. Similarly, urging directions of the urging springs 67, 68 only
need to be angled with respect to the plane perpendicular to the center axis of the crank
recelving opening 41.

[0074] Also, 1n the present embodiment, the flow of the hydraulic oil between the
piston mechanisms 33, 34 is switched by the switching pins 61, 62 of the flow-direction
switching mechanism 35. The switching pins 61, 62 are accommodated in the pin
accommodating spaces 64, 65 formed in the connecting rod body 31, and are hydraulically
driven. Thus, it is not necessary to cause the switching pins 61, 62 to project out of the side
surfaces of the connecting rod body 31, and it is also not necessary to provide another
switching mechanism outside of the coxmecting rod 6 in order to operate the switching pins 61,
62. Therefore, the flow-direction switching mechanism 35 can be simply and compactly
formed.

[0075] Moreover, the flow-direction switching mechanism 35 of the present
embodiment is configured such that the hydraulic oil flowing out of the second cylinder 34a
of the second piston mechanism 34 flows into the first cylinder 33a of the first piston
mechanism 33, and the hydraulic oil flowing out of the first cylinder 33a flows into the
second cylinder 34a. It is thus not necessary to supply the hydraulic oil from outside in the
present embodiment. Here, in a case in which the hydraulic oil is supplied from outside,
bubbles may be correspondingly mixed. When bubbles are mixed into the oil passages
between the cylinders 33a, 34a, the effective length of the connecting rod 6 may be
unintentionally varied. In contrast, in the present embodiment, it is basically not necessary

to supply the hydraulic oil from outside. It is thus possible to suppress mixing of bubbles
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into the oil passages between the cylinders 33a, 34a.

[0076] In the present embodiment, the flow-direction switching mechanism 35 is
also provided with the two switching pins 61, 62 and the check valve 63. Since the
flow-direction switching mechanism 35 has the configuration as described above, it becomes
possible to easily manufacture the pin accommodating spaces 64, 65 that accommodate the
switching pins 61, 62, the check valve accommodating space 66 that accommodates the check
valve 63, and the oil passages that bring the first cylinder 33a and the second cylinder 34a into
communication.

[0077] Furthermore, in the present embodiment, the flow-direction switching
mechanism 35 is configured to be switched to the first state, and the effective length of the
connecting rod 6 is increased when the hydraulic pressure is supplied to the switching pins 61,
62 from the hydraulic pressure supply sources 75, and the flow-direction switching
mechanism 35 is configured to be switched to the second state, and the effective length of the
connecting rod 6 is decreased when the hydraulic pressure is not supplied to the switching
pins 61, 62 from the hydraulic pressure supply sources 75. Accordingly, when the hydraulic
pressure cannot be supplied due to, for example, a failure of the hydraulié pressure supply

sources 75, the effective length of the connecting rod 6 can be kept short. Thus, a low

 mechanical compression ratio can be maintained. When a high mechanical compression

ratio is maintained, an output of the internal combustion engine is limited. Thus, in
accordance with the present embodiment, it is possible to suppress the limitation of the output
of the internal combustion engine at the time of the fatlure or the like of the hydraulic pressure
supply sources 75.

[0078] The two switching pins 61, 62 and the check valve 63 are disposed between
the first and second cylinders 33a, 34a and the crank receiving opening 41 in the direction of
the axis X of the connecting rod body 31. Accordingly, a distance from the crank receiving
opening 41 to the switching pins 61, 62 and the check valve 63 can be shortened, and lengths

of the oil passages or the like extending therebetween can be shortened.
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CLAIMS:

1. A variable length connecting rod comprising:

a connecting rod body including a big end and a small end, the big end having a first
opening that receives a crankpin, and the small end being positioned on an opposite side to
the big end in an axial direction of the connecting rod body;

an eccentric member mounted to the connecting rod body pivotally in a circumferential
direction of the small end, the eccentric member being configured to vary an effective length
of the variable length connecting rod when the eccentric member pivots;

a first piston mechanism including a first cylinder and a first piston. the first cylinder
being provided in the connecting rod body, the first piston being configured to slide in the first
cylinder, and the first piston mechanism being configured to pivot the eccentric member in a
first direction such that the effective length of the variable length connecting rod is increased
when hydraulic oil is supplied into the first cylinder;

a second piston mechanism including a second cylinder and a second piston, the second
cylinder being provided in the connecting rod body, the second piston being configured to
slide in the second cylinder, and the second piston mechanism being configured to pivot the
eccentric member in a second direction opposite to the first direction such that the effective
length is decreased when the hydraulic oil is supplied into the second cylinder; and

a flow-direction switching mechanism provided within the connecting rod body, the
tlow-direction switching mechanism being configured to be switched between a first state and
a second state, the first state being a state in which a flow of the hydraulic o1l from the first
cylinder to the second cylinder is prohibited, and a flow of the hydraulic oil from the second
cylinder to the first cylinder is permitted, and the second state being a state in which the flow
of the hydraulic oil from the first cylinder to the second cylinder is permitted, and the flow of
the hydraulic oil from the second cylinder to the first cylinder is prohibited, wherein

the connecting rod body has a control oil passage that communicates with the first
opening and the flow-direction switching mechanism,

the flow-direction switching mechanism includes a plurality of switching pins, and the
plurality of switching pins are configured to be operated by a hydraulic pressure flowing
through the control o1l passage,

the plurality of switching pins are configured to be operated such that the flow-direction
switching mechanisin is switched between the first state and the second state,

the plurality of switching pins are disposed in the connecting rod body such that
directions in which the plurality of switching pins are operated are angled with respect to a

plane perpendicular to an axis of the first opening, and
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the flow-direction switching mechanism is switched between the first state and the

second state by the hydraulic pressure flowing through the control oil passage.

2. The variable length connecting rod according to claim 1, wherein the plurality of
switching pins are arranged such that operating directions of each of the plurality of switching

pins are parallel to the axis of the first opening.

3. The variable length connecting rod according to claim 1 or 2, wherein the
flow-direction switching mechanism is disposed between the first and second cylinders and

the first opening in the axial direction of the connecting rod body.

4. The variable length connecting rod'according to any one of claims 1 to 3, wherein

the flow-direction switching mechanism includes a first switching pin and a second
switching pin, and

an operating direction of the first switching pin and an operating direction of the second
switching pin when the hydraulic pressure is supplied via the control oil passage are opposite

to each other.

5. The variable length connecting rod according to any one of claims 1 to 4, wherein

the flow-direction switching mechanism is configured to be switched to the second state
such that the eftective length of the variable length connecting rod is decreased when the
hydraulic pressure is not supplied via the control oil passage, and

the flow-direction switching mechanism is configured to be switched to the first state
such that the effective length of the variable length connecting rod is increased when the

hydraulic pressure is supplied via the control oil passage.

6. The variable length connecting rod according to any one of claims 1 to 5, wherein

the flow-direction switching mechanism includes a first switching pin. a second
switching pin, and a check valve,

the check valve permits a flow from a primary side to a secondary side, and prohibits a
flow from the secondary side to the primary side,

the second cylinder is connected to the primary side of the check valve, and the first
cylinder is connected to the secondary side of the check valve when the flow-direction
switching mechanism is in the first state by the first switching pin and the second switching
pin, and

the first cylinder is connected to the primary side of the check valve, and the second
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cylinder is connected to the secondary side of the check valve when the flow-direction
switching mechanism is in the second state by the first switching pin and the second

switching pin.

7. The variable length connecting rod according to claim 6, wherein
the first switching pin and the second switching pin are provided on opposite sides with
respect to a center axis of the connecting rod body, and

the check valve is provided on the center axis of the connecting rod body.

8. The variable length connecting rod according to claim 6 or 7, wherein

the connecting rod body has a plurality of pin accommodating spaces, a valve
accommodating space, and a plurality of communication oil passages,

the first switching pin and the second switching pin are accommodated in the respective
plurality of pin accommodating spaces,

the check valve is accommodated in the valve accommodating space, and

the plurality of communication oil passages bring the plurality of pin accommodating
spaces and the valve accommodating space into communication, and the first opening is

positioned on respective extended lines of the plurality of communication oil passages.

9. The vanable length connecting rod according to any one of claims 6 to 8, wherein

the connecting rod body has a first pin accommodating space, a second pin
accommodating space, a first piston communication oil passage, and a second piston
communication oil passage,

the first switching pin is accommodated in the first pin accommodating space, and the
second switching pin is accommodated in the second pin accommodating space,

the first cylinder communicates with only the first piston communication oil passage
that communicates with the first pin accommodating space, and the second cylinder
communicates with only the second piston communication oil passage that communicates
with the second pin accommodating space, and

the first opening is positioned on respective extended lines of the first piston

communication oil passage and the second piston communication oil passage.

10. The variable length connecting rod according to any one of claims 6 to 9, wherein
the check valve is positioned closer to the first opening than the first switching pin and
the second switching pin, and

the connecting rod body has a replenishment oil passage, the replenishment oil passage
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communicating with the primary side of the check valve.

11. A variable compression ratio internal combustion engine comprising a variable
length connecting rod according to any one of claims 1 to 10, wherein

the variable compression ratio internal combustion engine is configured to vary a
mechanical compression ratio, and

the mechanical compression ratio of the variable compression ratio internal combustion

engine is varied by varying the effective length of the variable length connecting rod.
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