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VEHICLE POWER GENERATING
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a vehicle power
generating apparatus designed to be installed in a hybrid
vehicle or the like.

[0003] 2. Background Art

[0004] As an example of a power generating apparatus for
a series hybrid vehicle, JP 2011-73580 A (hereinafter referred
to as “the Patent Literature”) discloses a type in which a
generator, an engine (internal combustion engine) for driving
the generator, and a fuel tank, are provided beneath a rear
floor panel of a vehicle. The engine is a two-cylinder small-
size reciprocating engine, and is disposed just below a rear
seat. The generator is disposed rearward of the engine, and the
fuel tank is disposed on a lateral side of the engine.

[0005] The Patent Literature mentions that the engine may
be a single-rotor rotary engine. In this regard, the Patent
Literature also mentions that the rotary engine is disposed in
a posture where an eccentric shaft (output shaft) thereof
extends in an up-down direction, whereby an up-down direc-
tional length of the engine can be shortened and thus a low-
ering in height position of the rear floor panel can be facili-
tated, as compared to the case of using a reciprocating engine.
[0006] However, in the Patent Literature, only the point of
disposing the rotary engine in such a manner as to allow the
eccentric shaft (output shaft) to extend in the up-down direc-
tion is disclosed as one measure to reduce an up-down direc-
tional occupied space of the power generating apparatus, but
any other measure is not disclosed.

[0007] Moreover, in the power generating apparatus dis-
closed in the Patent Literature, the engine is disposed beneath
the rear floor panel as mentioned above. This raises a need to
avoid deterioration in ride comfort due to exhaust noise of the
engine. Thus, it is also necessary to take into account this
point when carrying out the above measure to reduce the
occupied space of the power generating apparatus.

SUMMARY OF THE INVENTION

[0008] Inavehicle power generating apparatus comprising
a rotary engine, it is an object of the present invention to
provide a technique capable of reducing an up-down direc-
tional occupied space of the power generating apparatus,
while suppressing exhaust noise of the engine.

[0009] In order to achieve the above object, the present
invention provides a vehicle power generating apparatus dis-
posed in a position beneath a floor panel of a vehicle. The
vehicle power generating apparatus comprises: a generator; a
rotary engine configured to serve as an engine for driving the
generator, and installed in the vehicle in a posture where an
output shaft thereof extends in an up-down direction; and an
intake pipe and an exhaust pipe each connected to the rotary
engine, wherein the rotary engine comprises a pair of upper
and lower side housings, and a rotor housing located between
the upper and lower side housings, wherein the rotor housing
and the lower side housing are formed with an intake port and
an exhaust port, respectively, and wherein the intake pipe is
connected to a side surface of the rotor housing in such a
manner as to be communicated with the intake port, and the
exhaust pipe is connected to the lower side housing in such a
manner as to be communicated with the exhaust port.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.11isadiagram illustrating a schematic configu-
ration of a vehicle employing a vehicle power generating
apparatus according to one embodiment of the present inven-
tion.

[0011] FIG. 2 is a schematic side view illustrating an over-
all structure of the vehicle.

[0012] FIG. 3 is aschematic top plan view illustrating a rear
structure of the vehicle (wherein a cross member is illus-
trated).

[0013] FIG. 4 is a schematic top plan view illustrating the
rear structure of the vehicle (wherein the cross member is
omitted).

[0014] FIG. 5 is a schematic bottom view illustrating the

rear structure of the vehicle.

[0015] FIG. 6 is a perspective view illustrating a frame
member.
[0016] FIG. 7 is a sectional view illustrating a structure for

assembling a power generation unit to a unit frame (a sec-
tional view taken along the line VII-VII in FIG. 4).

[0017] FIG. 8 is a perspective view illustrating an engine
and its intake and exhaust systems.

[0018] FIG. 9 is a perspective view illustrating the engine.
[0019] FIG. 10 is a partially cut-away perspective view
illustrating the engine.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

[0020] With reference to the accompanying drawings, the
present invention will now be described in detail, based on
one preferred embodiment thereof. As used in this specifica-
tion, the terms “front (forward)”, “rear (rearward)”, “right
(rightward)” and “left (leftward)” are based on vehicle front-
rear and right-left (width) directions (direction indicators

illustrated in the figures).

<Schematic Configuration of Vehicle>

[0021] FIG. 1 illustrates a schematic configuration of a
vehicle employing a vehicle power generating apparatus
according to one embodiment of the present invention. This
vehicle is a five-seater hatchback-type (see FIG. 2) hybrid
vehicle, more specifically, a series hybrid vehicle.

[0022] Asillustrated in FIG. 1, the vehicle is equipped with:
a power generation unit 1 comprising a generator 3 and an
engine 2 for driving the generator 3; an inverter 6; a high-
capacity battery 7, such as a lithium-ion battery, capable of
being charged with electricity generated by the generator 3,
via the inverter 6; a motor 8 for rotationally driving driven
wheels (right and left front wheels 9a) by electricity supplied
from the battery 7 via the inverter 6; and a fuel tank 5 for
containing fuel to be supplied to the engine 2. That is, the
vehicle is configured such that, during short-distance travel,
etc., the motor 8 is driven for vehicle traveling, by using
electricity preliminarily stored in the battery 7, and, during
vehicle deceleration, etc., the battery 7 is charged with regen-
erative electric power generated by the motor. The vehicle is
further configured such that, when a remaining capacity of the
battery 7 is reduced to a given value or less during long-
distance travel, the generator 3 is driven by the engine 2, and
resulting generated electricity is supplied to the battery 7 to
charge the battery 7. Although illustration is omitted, the
vehicle may be equipped with a charging plug capable of
electrically charging the battery 7 therethrough by using a
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standard charger as a domestic power supply, a quick charger
placed in a parking area or the like, etc.

<Overall Structure of Vehicle>

[0023] Asillustrated in FIG. 2, the vehicle has: a dash panel
11 disposed at a front of a passenger compartment 10; a front
floor panel 12 disposed to extend in a vehicle rear direction
(rearwardly) from a lower edge ofthe dash panel 11; akick-up
portion 13 disposed to extend upwardly from a rear edge of
the front floor panel 12; and a rear floor panel 14 disposed to
extend rearwardly from a top edge of the kick-up portion 13.
A front row seat 15 consisting of a driver seat and a front
passenger seat is mounted on the front floor panel 12, and a
rear row seat 16 is mounted on a portion of the rear floor panel
14 located just rearward of the front row seat 15.

[0024] A pair of right and left rear side frames 18 are
disposed rearward of the kick-up portion 13 to extend in a
vehicle front-rear direction along a lower surface of the rear
floor panel 14. Specifically, each of the right and left rear side
frames 18 has: a front horizontal portion 18a extending hori-
zontally rearwardly (horizontally in the vehicle rear direc-
tion) from the kick-up portion 13; an inclined portion 185
extending rearwardly and obliquely upwardly from a rear end
of' the front horizontal portion 18a located just below the rear
row seat 16; and a rear horizontal portion 18¢ extending
horizontally rearwardly from a rear end of the inclined por-
tion 185 located just rearward of the rear row seat 16. A front
cross member 20 extending in a vehicle width direction while
being joined to a back surface of the kick-up portion 13, and
a rear cross member 21 extending in the vehicle width direc-
tion at a position beneath the rear floor panel 14 and rearward
of'the rear row seat 16, are disposed between the right and left
rear side frames 18.

[0025] On a rear side of the rear cross member 21, a unit
frame 24 is disposed to extend across the right and left rear
side frames 18 in the vehicle width direction, and fixed to the
rear side frames 18. The power generation unit 1, the fuel tank
5 and the inverter 6 are assembled to the unit frame 24. In this
embodiment, a combination of the power generation unit 1
(the engine 2 and the generator 3), the fuel tank 5 and after-
mentioned intake and exhaust systems of the engine 2 is
equivalent to “vehicle power generating apparatus” set forth
in the appended claims.

[0026] FIG. 3 illustrates, in the form of a top plan view, a
rear structure of the vehicle, specifically, a rear structure of
the vehicle in a state in which the rear floor panel 14 is
removed therefrom. Further, FIG. 6 illustrates, in the form of
aperspective view, the unit frame 24 (in an upside-down state
withrespectto FIG. 3). Asillustrated in FIGS. 3 and 6, the unit
frame 24 is formed in a generally H shape in top plan view.
That is the unit frame 24 comprises: a first sub-cross member
25 extending in the vehicle width direction at a position
between right and left rear wheels 95, a second sub-cross
member 26 extending in the vehicle width direction at a
position rearward of the rear wheels 96, and a coupling frame
27 disposed to extend in the front-rear direction at a position
offset slightly leftwardly from a center in the vehicle width
direction and joined (welded) to the first and second sub-cross
members 25, 26 to thereby couple the first and second sub-
cross members 25, 26 together. Each of the sub-cross mem-
bers 25, 26 and the coupling frame 27 has a closed cross-
section structure (see FIG. 7).

[0027] Each of the sub-cross members 25, 26 has two
attaching flanges 25a (26a), respectively, at longitudinal
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opposite ends (vehicle width directional opposite ends)
thereof. Each of the flanges 254 (264) is fastened to a respec-
tive one of the rear side frames 18 by means of a non-illus-
trated weld bolt provided in the rear side frame 18 and a
non-illustrated nut. In this way, the unit frame 24 is fixed to
the rear side frames 18 at a position on a lower side thereof.
Then, the power generation unit 1, the fuel tank 5, the inverter
6 and others are assembled to the unit frame 24 at a position
on a lower side thereof.

[0028] FIG. 4 illustrates, in the form of a top plan view, the
rear structure of the vehicle in a state in which the unit frame
24 is omitted. As illustrated in FIG. 4, the power generation
unit 1 comprises the engine 2, the generator 3, and a frame
member 4 to which the engine 2 and the generator 3 are
assembled in a laterally side-by-side arrangement.

[0029] The engine 2 is a single rotor small-size rotary
engine. The engine 2 is connected with an aftermentioned
intake pipe 42 and an aftermentioned exhaust pipe 46.
[0030] As illustrated in FIGS. 8 to 10, the engine 2 com-
prises: a pair of upper and lower side housings 62a, 625, a
rotor housing 64 (center housing) interposed between the
upper and lower side housings 62a, 625, a rotor 66 received in
an up-down directionally flat rotor receiving chamber 68
defined by the housings 62a, 625, 64; and a non-illustrated
eccentric shaft extending in an up-down direction. The engine
2 is configured such that a torque of the rotor 66 generated by
carrying out intake, compression, combustion (expansion)
and exhaust strokes in three working chambers defined
between the rotor 66 and a trochoidal inner peripheral surface
of'the rotor receiving chamber 68 is extracted from the eccen-
tric shaft serving as an output shaft.

[0031] In this embodiment, the engine 2 is disposed in a
horizontal posture where the eccentric shaft extends in the
up-down direction. The reason is as follows. In the case where
a rotary engine is used as a vehicle-driving engine, the engine
is mounted on a vehicle in a vertical posture where an eccen-
tric shaft thereof extends horizontally (hereinafter referred to
as “vertically mounted state”, for the sake of explanation),
because it is necessary to transmit a driving force to driven
wheels via a transmission and others. However, the above
engine 2 is a generator-driving engine for driving the genera-
tor 3, so that the engine 2 is not necessarily installed in the
vertically mounted state. The engine 2 is a single-rotor small-
size rotary engine as mentioned above, wherein it has a flat
structure in an axial direction of the eccentric shaft. Thus, in
order to lower a height position of the rear floor panel 14 while
effectively utilizing a space beneath the rear floor panel 14,
the engine 2 is installed in the vehicle in a horizontal posture
where the eccentric shaft extends vertically (hereinafter
referred to as “horizontally mounted state”, for the sake of
explanation).

[0032] The engine 2 is fixed to the frame member 4 via the
upper side housing 62a. As illustrated in FIGS. 4 and 6, the
frame member 4 is a plate-like member made of metal and
formed in an elongated shape in the vehicle width direction.
The engine 2 is fixed to the frame member 4 at a positionclose
to one end in a longitudinal direction thereof (in FIG. 4, a
position close to an upper end thereof). Specifically, the
engine 2 is fixed to the frame member 4 by fixing the upper
side housing 62a of the engine 2 to a lower surface of the
frame member 4, using a bolt and nut set.

[0033] Further, the generator 3 is fixed to the frame member
4 along the longitudinal direction of the frame member 4 and
in adjacent relation to the engine 2. Specifically, the generator
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3 is fixed to the frame member 4 by fixing a flange formed in
a casing of the generator 3, to the lower surface of the frame
member 4, using a set of bolt and nut.

[0034] An output shaft of the generator 3 and the eccentric
shaft of the engine 2 are coupled together via a non-illustrated
sprocket and chain set or the like at a position beneath the
generator 3 and the engine 2. Through this coupling, the
generator 3 can be driven by the engine.

[0035] Although illustration is omitted, the casing of the
generator 3, and the rotor housing 64 and the lower side
housing 626 of the engine 2 are appropriately coupled
together via a non-illustrated coupling stay. In this way, the
power generation unit 1 is constructed as a high-rigidity unit
in which the engine 2 and the generator 3 are strongly united.
[0036] As illustrated in FIGS. 3, 4, 6 and 7, the power
generation unit 1 is assembled to the unit frame 24 through a
plurality of (in this embodiment, three) mounts 30, in a pos-
ture where the generator 3 is located in a central region of the
vehicle in the vehicle width direction, and the engine 2 is
located on a right side of the vehicle. Specifically, three pairs
offlanges 4a are integrally formed in an outer periphery of the
frame member 4, more specifically, integrally formed,
respectively, in two regions of the outer periphery forward
and rearward of the engine 2 assembled to the frame member
4 and a region of the outer periphery leftward of the generator
3 assembled to the frame member 4, and each of the mounts
30 is fixed to a respective one of the pairs of flanges 4a by two
bolts B2. Further, each of the first and second sub-cross
members 25, 26 and the coupling frame 27 is provided with a
set of a weld bolt B1. Thus, the power generation unit 1 is
assembled to the unit frame 24 by fastening each of the
mounts 30 to a respective one of the first and second sub-cross
members 25, 26 and the coupling frame 27 of the unit frame
24 by the set of a weld bolt B1 and a nut N1. Specifically,
among the pairs of flanges 4a of the frame member 4, the
flange 4a located forward of the engine 2, the flange 4a
located rearward of the engine 2 and the flange 4a located
leftward of the generator 3 are assembled, respectively, to the
first sub-cross member 25, the second sub-cross member 26
and the coupling frame 27, through the mounts 30. In this
way, the power generation unit 1 is assembled to the unit
frame 24 from therebelow, and supported by the unit frame
24.

[0037] Each of the mounts 30 has the same structure. Spe-
cifically, as illustrated in FIG. 7, each of the mounts 30 com-
prises: a tubular-shaped fastenable member 30a to be fas-
tened to the unit frame 24; a cylindrical-shaped elastic
member 305 fixed on an outer peripheral surface of the fas-
tenable member 304, and a unit fixing member 30c¢ fitted on
the elastic member 305 and configured to allow the power
generation unit 1 (frame member 4) to be fixed thereto. Thus,
the unit fixing member 30c can be moderately elastically
displaced with respect to the fastenable member 30a. That is,
when the power generation unit 1 is assembled to the unit
frame 24 through the mounts 30, it becomes possible to
suppress a situation where vibration of the power generation
unit 1 caused by operations of the engine 2 and the generator
3 is transmitted to an inside ofthe passenger compartment via
the unit frame 24 and others.

[0038] Asillustrated in FIGS. 9 and 10, in the engine 2, the
rotor housing 64 is formed with an intake port 70, and the
lower housing 626 is formed with an exhaust port 72. That is,
the engine 2 has a so-called peripheral-intake and side-ex-
haust engine structure in which the intake port 70 is formed as
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a peripheral port, and the exhaust port 72 is formed as a side
port. The intake port 70 is opened in a front region of a side
surface of the rotor housing 64. The exhaust port 72 is opened
in a frontregion of a side surface of the lower side housing 625
at a position rightward of the intake port 70. Thus, as illus-
trated in FIGS. 4, 5 and 8, an intake pipe 42 is connected to the
front region of the side surface of the rotor housing 64 of the
engine 2, and an exhaust pipe 46 is connected to the front
region of the side surface of the lower side housing 624.
[0039] The intake pipe 42 is disposed to extend in the
vehicle width direction along the first sub-cross member 25 of
the unit frame 24, at a position forward of the generator 3. The
intake pipe 42 is provided with an air cleaner 43q at an air
intake end thereof, and a throttle body 435 at a given position
between the air cleaner 43q and the engine 2. The air cleaner
43a is fixed to a bracket 54 (see FIGS. 5 and 6) joined to a
lower surface of the first sub-cross member 25 of the unit
frame 24, and the throttle body 435 is fixed to the first sub-
cross member 25 at a given position.

[0040] The exhaust pipe 46 is disposed below the intake
pipe 42. As illustrated in FIGS. 5 and 8, the exhaust pipe 46
comprises: an exhaust gas purifying device 47a composed,
for example, of a three-way catalyst, and disposed forward of
the engine 2 to extend in the vehicle width direction along the
intake pipe 42, up to a position approximately forward of the
generator 3; and a muffler (silencer) 475 disposed rearward of
the fuel tank described in detail later, and suppress exhaust
noise of the engine 2. The exhaust pipe 46 is formed to guide
exhaust gas discharged from the engine 2 and purified by the
exhaust gas purifying device 474, into the muftler 476 via a
position beneath the generator 3. Each of the exhaust gas
puritying device 47a and the muffler 475 is supported by a
respective one of the first sub-cross member 25 and the sec-
ond sub-cross member 26, through a non-illustrated rubber
hanger and bracket, or the like.

[0041] Then, the fuel tank 5 and the inverter 6 are arranged
from the side of the power generation unit 1 in this order,
laterally side-by-side with respect to the power generation
unit 1, i.e., arranged in such a manner as to be approximately
aligned with the engine 2 and the generator 3 in the vehicle
width direction. Each of the fuel tank 5 and the inverter 6 is
fixed to a lower surface of the unit frame 24.

[0042] Asillustrated in FIGS. 4 and 5, the fuel tank 5 has an
approximately cubic shape. The fuel tank 5 is fixed to the unit
frame 24 through a rear bracket 50 and a front bracket, 51 (see
FIG. 6) joined, respectively, to the lower surface of the first
sub-cross member 25 and a lower surface of the second sub-
cross member 26. Specifically, the fuel tank 5 has a flange 5a
formed on a side surface thereof at an intermediate position in
the up-down direction to extend approximately over the entire
periphery thereof. Then, the fuel tank 5 is inserted between
the rear and front brackets 50, 51, and the flange 5a is super-
imposed onrespective distal ends (lower ends) of the brackets
50, 51. In this state, the flange 5a is fastened to the brackets
50, 51 by bolt and nut sets. In this way, the fuel tank 5 is fixed
to the unit frame 24 through the rear and front brackets 50, 51.
[0043] A fuel filler pipe 55 is connected to a left corner of a
front region of an upper surface of the fuel tank 5. A base end
of the fuel filler pipe 54 is connected to a fuel filler unit 5¢
fixed to the vehicle body. That is, the fueling to the fuel tank
5 is enabled by a non-illustrated filler cap of the fuel filler unit
5¢ being removed.

[0044] In the brackets 50, 51 to which the fuel tank 5 is
fixed, the rear bracket 50 is a wide plate-like member dis-
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posed to extend in the vehicle width direction along the sec-
ond sub-cross member 26, as illustrated in FIGS. 5 and 6. This
bracket 50 is interposed between the fuel tank 5 and the
muffler 475 to shield them provide shielding therebetween,
thereby shielding the fuel tank 5 from heat of the muffler 475.
That is, the bracket 50 additionally serves as a heat shield
member for blocking radiant heat from the muffler 474.

[0045] The inverter 6 is formed to have an approximately
rectangular parallelepiped shape, and disposed leftward of
the fuel tank 5. A bracket 52 is fixed to the second sub-cross
member 26 and the bracket 50, and the inverter 6 is supported
by the bracket 52 from therebelow, in such a manner as to
extend across the second sub-cross member 26 and the
bracket 50 (see FIG. 5). The inverter 6 is fixed to a non-
illustrated mounting portion provided in the left rear side
frame 18. The sign 6a in FIG. 5 denotes a power transmission
cable connecting between the inverter 6 and the generator 3.

<Functions and Advantageous Effects of Vehicle Power
Generating Apparatus>

[0046] In the above embodiment, a combination of the
power generation unit 1, the fuel tank 5 and the intake and
exhaust systems of the engine 2 is equivalent to “vehicle
power generating apparatus” set forth in the appended claims,
as mentioned above. In the vehicle power generating appara-
tus according to the above embodiment, as the engine 2, the
single-rotor small-size rotary engine is employed and
installed in the vehicle in a horizontally mounted state where
the eccentric shaft thereof extends in the up-down direction,
i.e., in an up-down directionally flat state, as described above.
Further, as an intake-exhaust port structure of the engine 2, a
peripheral intake port and a side exhaust port are employed,
and the intake pipe 42 and the exhaust pipe 46 are connected,
respectively, to the side surface of the rotor housing 64 and the
side surface of the lower side housing 6256. Then, each of the
intake pipe 42 and the exhaust pipe 46 is routed along an
approximately horizontal plane. Thus, in the vehicle power
generating apparatus according to the above embodiment, the
engine 2, the intake pipe 42 and the exhaust pipe 46 are
intensively arranged in the up-down direction, so that an
up-down directional occupied space of the vehicle power
generating apparatus is effectively reduced. In addition, the
exhaust port 72 is formed in the lower side housing 625, so
that exhaust noise is suppressed. That is, the rotor housing 64
and the upper side housing 62a are interposed between the
lower side housing 625 formed with the exhaust port 72 and
the rear floor panel 14, so that exhaust noise occurring in the
exhaust port 72 is blocked by the rotor housing 64 and the
upper side housing 62a to ease an influence of the exhaust
noise on the passenger compartment 10.

[0047] Therefore, the vehicle power generating apparatus
according to the above embodiment can reduce an up-down
directional occupied space thereof, while suppressing
exhaust noise of the engine 2. In addition, as a result of
reducing the up-down directional occupied space of the
vehicle power generating apparatus, it becomes possible to
lower the height position of the rear floor panel 14 to ensure a
larger space of the passenger compartment 10.

[0048] Inthe vehicle power generating apparatus according
to the above embodiment, the engine 2 and the generator 3 are
arranged in adjacent relation to each other in the vehicle width
direction, and the intake pipe 42 is connected to the front
region of the side surface of the rotor housing 64 ofthe engine
2 and disposed to extend in the vehicle width direction, across
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a position forward of the generator 3. Thus, the engine 2, the
generator 3 and the intake pipe 42 are intensively arranged in
the up-down direction and in the vehicle width direction, in an
efficient manner. Therefore, the vehicle power generating
apparatus according to the above embodiment has an advan-
tage of being able to contribute to not only a reduction in the
up-down directional occupied space thereof but also a reduc-
tion in a vehicle width directional occupied space thereof.
[0049] Inthe vehicle power generating apparatus according
to the above embodiment, the exhaust gas purifying device
47a of the exhaust pipe 46 is disposed at a position forward of
the engine 2 and beneath the intake pipe 42, so that it becomes
possible to efficiently lay out the exhaust gas purifying device
47a by utilizing a space beneath the intake pipe 42. In addi-
tion, as a result of disposing the exhaust gas purifying device
47a at the position forward of a relatively lower side of the
engine 2, it becomes possible to promote cooling of the
exhaust gas purifying device 47a (exhaust pipe) by wind
during vehicle traveling. This also provides an advantage of
being able to enhance heat releasability of the engine 2.
[0050] Inthe vehicle power generating apparatus according
to the above embodiment, the exhaust pip 46 is configured to
guide exhaust gas discharged from the engine 2 and purified
by the exhaust gas purifying device 47a, into the muffler 475
via a position beneath the generator 3. That is, the exhaust pip
46 is configured to guide the exhaust gas in a vehicle rear
direction without being routed via a position forward of the
fuel tank 5. This provides an advantage of being able to reduce
radiant heat from the exhaust pipe 46 to the fuel tank 5 during
vehicle traveling, and effectively prevent a situation where
the fuel tank 5 is thermally damaged due to the radiant heat.
[0051] Inthe vehicle power generating apparatus according
to the above embodiment, the rotary engine is employed as
the engine 2, and the engine 2 is installed in the vehicle in the
horizontally mounted state, and in laterally side-by-side rela-
tion to the generator 3, as described above. This structure
provides the following advantage.

[0052] For example, in the case where an engine (rotary
engine) is installed in the vertically mounted state (in a pos-
ture where an eccentric shaft extends horizontally), discuss-
ing in terms of supporting rigidity for the engine, a load
direction (up-down direction) having a great impact on ride
comfort, and a rotation direction of the engine having a great
impact on NVH (Noise/Vibration/Harshness) become coin-
cident with each other. Thus, in designing of engine mounts
(spring constants), it is difficult to consider the above two
factors as an up-down directional property and a horizontal
directional property separately. In reality, design satisfying
both of the properties is hardly achieved. Thus, there is no
choice but to place priority to either one of the properties, so
that it becomes difficult to satisty both of ride comfort and
NVH. Differently, in the case where the engine 2 is installed
in the horizontally mounted state (as in the above embodi-
ment), the rotation direction of the engine 4 is about a vertical
axis, i.e., is perpendicular to the load direction of the engine
(up-down direction). That is, in designing of engine mounts
(the mounts 30), it is possible to consider the above two
factors as an up-down directional property and a horizontal
directional property separately. Thus, there is an advantage of
becoming possible to satisfy both of ride comfort and NVH.
[0053] Inthe vehicle power generating apparatus according
to the above embodiment, by utilizing such an advantage,
positions of the flanges 4a of the power generation unit 1
(frame member 4) are preliminarily set to allow flanges 4a to
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equally support a load. This structure makes it possible to
employ, as the mounts 30, mounts each having the same
structure. This is advantageous in terms of assemblability and
production cost of the mounts 30.

[0054] In the aforementioned structure where the engine 2
and the generator 3 are arranged in laterally side-by-side
relation (in which the eccentric shaft is arranged in parallel to
an input shaft of the generator 3), an inertia moment about a
rotational axis of the engine is significantly increased, as
compared to the case where the engine and the generator are
serially arranged, i.e., the engine and the generator are
arranged in an axial direction of the eccentric shaft (series
arrangement in which the eccentric shaft is arranged in series
with the input shaft of the generator). This provides an advan-
tage of being able to, even if an eigenvalue in other rotation
direction or translation direction is designed to have a larger
value for the purpose of ride comfort or the like, maintain an
eigenvalue about the rotation axis of the engine at a relatively
low value so as to satisfy both of NVH, and ride comfort
requiring relatively high rigidity.

[0055] It is to be understood that the aforementioned
vehicle power generating apparatus has been exemplified as a
preferred embodiment of the present invention, and a specific
structure thereof may be appropriately changed and modified
without departing from the spirit and scope of the present
invention as set forth in appended claims. For example, in the
above embodiment, the exhaust port 72 of the engine 2 is
formed to curve inside the lower side housing 625 (see FIG.
10) in such a manner as to be communicated with the exhaust
pipe 46 connected to the side surface of the lower side housing
625. Alternatively, in a situation where there is an allowance
in terms of space, beneath a vehicle, the engine 2 may be
configured such that the exhaust port 72 is opened in a lower
surface of the lower side housing 625, and the exhaust pipe 46
is connected to the lower surface of the lower side housing
62b.

<Outline of Present Invention>

[0056] The present invention will be outlined as follows.
[0057] The present invention provides a vehicle power gen-
erating apparatus disposed in a position beneath a floor panel
of a vehicle. The vehicle power generating apparatus com-
prises: a generator; a rotary engine configured to serve as an
engine for driving the generator, and installed in the vehicle in
a posture where an output shaft thereof extends in anup-down
direction; and an intake pipe and an exhaust pipe each con-
nected to the rotary engine, wherein the rotary engine com-
prises a pair of upper and lower side housings, and a rotor
housing located between the upper and lower side housings,
wherein the rotor housing and the lower side housing are
formed with an intake port and an exhaust port, respectively,
and wherein the intake pipe is connected to a side surface of
the rotor housing in such a manner as to be communicated
with the intake port, and the exhaust pipe is connected to the
lower side housing in such a manner as to be communicated
with the exhaust port.

[0058] In the vehicle power generating apparatus of the
present invention, the intake pipe is connected to a side sur-
face of the rotary engine (the side surface of the rotor hous-
ing), so that it becomes possible to prevent a situation where
the intake pipe largely protrudes from the rotary engine in the
up-down direction, and intensively dispose the rotary engine
and the intake pipe in the up-down direction. This makes it
possible to reduce an up-down directional occupied space of
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the vehicle power generating apparatus. In addition, the
exhaust port is formed in the lower side housing. This is
advantageous in view of suppressing exhaust noise. That is,
the rotor housing and the upper side housing are interposed
between the lower side housing formed with the exhaust port
and the rear floor panel, so that exhaust noise occurring in the
exhaust port is blocked by the rotor housing and the upper
side housing to ease an influence of the exhaust noise on a
passenger compartment. Therefore, the vehicle power gener-
ating apparatus can reduce the up-down directional occupied
space thereof, while suppressing exhaust noise of the engine.
Further, the exhaust pipe is connected to the lower side hous-
ing as mentioned above, so that it becomes possible to effec-
tively cool the exhaust pipe (exhaust gas) by utilizing wind
during vehicle traveling to thereby enhance heat releasability
of' the rotary engine.

[0059] Preferably, in the vehicle power generating appara-
tus of the present invention, the exhaust pipe is connected to
a side surface of the lower side housing, and the exhaust port
is formed to curve inside the lower side housing in such a
manner as to be communicated with the exhaust pipe.
[0060] According to this feature, it becomes possible to
prevent a situation where the exhaust pipe largely protrudes
from the rotary engine in the up-down direction, and inten-
sively dispose the rotary engine and the exhaust pipe in the
up-down direction. This makes it possible to intensively dis-
pose the rotary engine, the intake pipe and the exhaust pipe in
the up-down direction to thereby further reduce the up-down
directional occupied space of the vehicle power generating
apparatus.

[0061] Preferably, in the vehicle power generating appara-
tus of the present invention, the generator and the rotary
engine are arranged in adjacent relation to each other in a
vehicle width direction, the intake port is formed on a vehicle
front side of the rotor housing of the rotary engine, and the
intake pipe is connected to the vehicle front side of the side
surface of the rotor housing, and disposed to extend in the
vehicle width direction, across a position on the vehicle front
side of the generator.

[0062] According to this feature, the rotary engine, the
generator and the intake pipe can be intensively arranged in
the up-down direction and in the vehicle width direction, in an
efficient manner. Therefore, it becomes possible to contribute
to not only a reduction in the up-down directional occupied
space of the vehicle power generating apparatus but also a
reduction in a vehicle width directional occupied space of the
vehicle power generating apparatus.

[0063] Intheabovevehicle power generating apparatus, the
exhaust pipe comprises an exhaust gas purifying device dis-
posed at a position on the vehicle front side of the rotary
engine and beneath the intake pipe.

[0064] According to this feature, it becomes possible to
efficiently lay out the exhaust gas purifying device by utiliz-
ing a space beneath the intake pipe. In addition, the exhaust
gas purifying device can be disposed at a lower position with
respect to the vehicle, so that it becomes possible to
adequately cool the exhaust gas purifying device by wind
during vehicle traveling.

[0065] Preferably, the above vehicle power generating
apparatus further comprises a fuel tank configured to contain
fuel for driving the rotary engine, and disposed at a position
adjacent to the generator and on a side opposite to the rotary
engine in the vehicle width direction, wherein the exhaust
pipe is configured to guide exhaust gas discharged from the
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engine and purified by the exhaust gas purifying device, in a
vehicle rear direction via a position beneath the generator.
[0066] According to this feature, it becomes possible to
guide the exhaust gas in a vehicle rear direction without being
routed via a position forward of the fuel tank. This makes it
possible to reduce radiant heat from the exhaust pipe to the
fuel tank during vehicle traveling, and effectively prevent a
situation where the fuel tank is thermally damaged due to the
radiant heat.
[0067] This application is based on Japanese Patent appli-
cation No. 2014-041515 filed in Japan Patent Office on Mar.
4, 2014, the contents of which are hereby incorporated by
reference.
[0068] Although the present invention has been fully
described by way of example with reference to the accompa-
nying drawings, it is to be understood that various changes
and modifications will be apparent to those skilled in the art.
Therefore, unless otherwise such changes and modifications
depart from the scope of the present invention hereinafter
defined, they should be construed as being included therein.
What is claimed is:
1. A vehicle power generating apparatus disposed in a
position beneath a floor panel of a vehicle, comprising:
a generator,
arotary engine configured to serve as an engine for driving
the generator, and installed in the vehicle in a posture
where an output shaft thereof extends in an up-down
direction; and
an intake pipe and an exhaust pipe each connected to the
rotary engine, wherein
the rotary engine comprises a pair of upper and lower side
housings, and a rotor housing located between the upper
and lower side housings, the rotor housing and the lower
side housing being formed with an intake port and an
exhaust port, respectively,
the intake pipe is connected to a side surface of the rotor
housing in such a manner as to be communicated with
the intake port, and
the exhaust pipe is connected to the lower side housing in
such a manner as to be communicated with the exhaust
port.
2. The vehicle power generating apparatus as defined in
claim 1, wherein
the exhaust pipe is connected to a side surface of the lower
side housing, and
the exhaust port is formed to curve inside the lower side
housing in such a manner as to be communicated with
the exhaust pipe.
3. The vehicle power generating apparatus as defined in
claim 1, wherein
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the generator and the rotary engine are arranged in adjacent
relation to each other in a vehicle width direction,
the intake port is formed on a vehicle front side of the rotor
housing of the rotary engine, and
the intake pipe is connected to the vehicle front side of the
side surface of the rotor housing, and disposed to extend
in the vehicle width direction, across a position on the
vehicle front side of the generator.
4. The vehicle power generating apparatus as defined in
claim 2, wherein
the generator and the rotary engine are arranged in adjacent
relation to each other in a vehicle width direction,
the intake port is formed on a vehicle front side of the rotor
housing of the rotary engine, and
the intake pipe is connected to the vehicle front side of the
side surface of the rotor housing, and disposed to extend
in the vehicle width direction, across a position on the
vehicle front side of the generator.
5. The vehicle power generating apparatus as defined in
claim 3, wherein
the exhaust pipe comprises an exhaust gas purifying device
disposed at a position on the vehicle front side of the
rotary engine and beneath the intake pipe.
6. The vehicle power generating apparatus as defined in
claim 4, wherein
the exhaust pipe comprises an exhaust gas purifying device
disposed at a position on the vehicle front side of the
rotary engine and beneath the intake pipe.
7. The vehicle power generating apparatus as defined in
claim 5, further comprising
a fuel tank configured to contain fuel for driving the rotary
engine, and disposed at a position adjacent to the gen-
erator and on a side opposite to the rotary engine in the
vehicle width direction, wherein
the exhaust pipe is configured to guide exhaust gas dis-
charged from the engine and purified by the exhaust gas
puritying device, in a vehicle rear direction via a position
beneath the generator.
8. The vehicle power generating apparatus as defined in
claim 6, further comprising
a fuel tank configured to contain fuel for driving the rotary
engine, and disposed at a position adjacent to the gen-
erator and on a side opposite to the rotary engine in the
vehicle width direction, wherein
the exhaust pipe is configured to guide exhaust gas dis-
charged from the engine and purified by the exhaust gas
puritying device, in a vehicle rear direction via a position
beneath the generator.
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