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(54) SADDLE-TYPE ELECTRIC VEHICLE

(57) A straddle electric vehicle (1) comprises a bat-
tery case for storing a battery unit (60); an inverter for
converting DC power stored in the battery unit (60) into
AC power; a plurality of electric components (30) con-
nected to the battery unit (60) and the inverter; and an
electric motor for generating driving power for rotating a

drive wheel, by the AC power generated by conversion
in the inverter; wherein the plurality of electric compo-
nents (30) are stored in the battery case such that the
electric components are placed above the battery unit
(60).
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Description

Technical Field

[0001] The present invention relates to a straddle elec-
tric vehicle such as an electric motorcycle, which acti-
vates an electric motor by electric power supplied from
batteries to generate driving power for moving the strad-
dle electric vehicle.

Background Art

[0002] In recent years, for example, for the purpose of
environmental conservation, an electric motorcycle in-
cluding as a driving power source an electric motor which
is activated by electric energy stored in a battery has
been developed (see, e.g., Patent Literature 1). In such
an electric motorcycle, typically, a secondary battery
which is capable of storing DC power therein is used,
and an AC motor is used as an electric motor. In addition,
the electric motorcycle incorporates an inverter for con-
verting the DC power stored in the battery into AC power.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Laid-Open Pat-
ent Application Publication No. 2010-83333

Summary of Invention

Technical Problem

[0004] In general, in a straddle vehicle, devices and
components which are mounted to its vehicle body tend
to contact rain water, muddy water splashed by wheels,
etc. A straddle electric vehicle such as an electric motor-
cycle is required to incorporate many electric compo-
nents such as relay switches, a service plug and a charg-
ing connector, as compared to a vehicle including only
an internal combustion engine as a driving power source.
[0005] To ensure reliability of the operation of the strad-
dle electric vehicle, it is necessary to protect the electric
components from rain water and the like. However, many
of the electric components generate heat during their op-
erations. Therefore, the structure for protecting the elec-
tric components from outside environment is required to
be designed such that it is possible to suppress heat ra-
diated from the electric components from affecting an-
other components, especially another electric compo-
nents, to a greatest possible degree.
[0006] An object of the present invention is to suppress
heat radiated from electric components from affecting
another components while protecting the electric com-
ponents from outside environment.

Solution to Problem

[0007] The present invention has been made to attain
the above described object. A straddle electric vehicle of
the present invention comprises a battery case for storing
a battery unit; an inverter for converting DC power stored
in the battery unit into AC power; a plurality of electric
components connected to the battery unit and the invert-
er; and an electric motor for generating driving power for
rotating a drive wheel, by the AC power generated by
conversion in the inverter; wherein the plurality of electric
components are stored in the battery case such that the
electric components are placed above the battery unit.
[0008] In accordance with this configuration, since the
electric components are stored in the battery case, they
can be protected from outside environment. Since the
electric components are placed above the battery unit, it
is less likely that heat radiated from the electric compo-
nents in the interior of the battery case is transmitted to
the battery unit. This makes it possible to suitably sup-
press degradation of the battery unit by the heat.
[0009] The battery unit may include a plurality of bat-
tery modules each including a plurality of battery cells,
and a battery frame for fastening the plurality of battery
modules; and the plurality of electric components may
be placed on an upper surface of the battery unit.
[0010] In accordance with this configuration, since the
battery modules restrict each other via the battery frame
even though the battery unit is increased in size because
of the plurality of battery modules, it becomes possible
to prevent a situation in which the battery modules are
displaced individually when the load is applied to the bat-
tery case. Since the electric components are mounted to
the battery unit with a higher stiffness, they can be sup-
ported stably.
[0011] The battery case may include an air inlet pro-
vided in a front portion thereof to introduce air from out-
side into the battery case therethrough, and an air outlet
provided in a rear portion thereof to discharge the air from
inside of the battery case to outside; and the plurality of
electric components may be stored in the battery case
and placed between the air inlet and the air outlet in a
forward or rearward direction.
[0012] In accordance with this configuration, it be-
comes possible to prevent a situation in which the heat
radiated from the battery unit and the electric compo-
nents is accumulated in the interior of the battery case.
[0013] At least one of the air inlet and the air outlet is
provided in an upper portion of the battery case.
[0014] In accordance with this configuration, since the
air flows through an upper portion in the interior of the
battery case from the air inlet to the air outlet, it becomes
possible to suitably expel the heat transferred from the
battery unit to an upper region, by convection, or the heat
radiated from the electric components, to outside of the
battery case.
[0015] An air space which is surrounded by an inner
surface of the battery case, a surface of the battery unit
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and surfaces of the electric components may be formed
in the front portion of the battery case, and the air inlet
may open in the air space.
[0016] In accordance with this configuration, the ram
air is easily taken into the battery case, and therefore,
the interior of the battery case is easily cooled by the ram
air.
[0017] The straddle electric vehicle may further com-
prise: a DC/DC converter for converting an electric po-
tential of the DC power stored in the battery unit; and the
DC/DC converter may be mounted to a front surface of
the battery unit such that the DC/DC converter faces the
air inlet.
[0018] In accordance with this configuration, since the
DC/DC converter faces the air inlet, it can be suitably
cooled, and a temperature increase in the interior of the
battery case can be suitably suppressed.
[0019] The straddle electric vehicle may further com-
prise an exhaust fan attached to the air outlet.
[0020] In accordance with this configuration, since the
air flow can be formed in the interior of the battery case
by using the exhaust fan, the interior of the battery case
can be well cooled forcibly by the air.
[0021] The exhaust fan may rotate by itself when the
straddle electric vehicle is driving and may be controlled
to rotate when the straddle electric vehicle is temporarily
stopped.
[0022] In accordance with this configuration, since the
exhaust fan can rotate by itself by the ram air during driv-
ing of the vehicle, the interior of the battery case can be
cooled by the exhaust fan without consuming electric
power or the like. On the other hand, under a situation in
which the ram air does not flow through the interior of the
battery case, the interior of the battery case can be cooled
by using the exhaust fan which is actuated.
[0023] The straddle electric vehicle may further com-
prise an inverter case for storing the inverter; and an air
discharge duct connected to the air outlet; wherein an
inner space of the battery case may be in communication
with an inner space of the inverter case via the air dis-
charge duct. The inverter is an electric component which
generates heat with a relatively great amount.
[0024] In accordance with this configuration, the air can
be supplied from the battery case to the interior of the
inverter case containing the inverter. Therefore, the in-
terior of the inverter case can be suitably cooled, and
reliability of the operation of the inverter can be improved.
[0025] The straddle electric vehicle may further com-
prise a metal plate member placed to extend a surface
of the battery unit and surfaces of the electric compo-
nents; and the metal plate member may electrically con-
nect the battery unit to the electric components, and elec-
trically connect the electric components to each other.
[0026] In accordance with this configuration, since an
electric path is formed by the metal plate member instead
of a harness, the structure in the vicinity of the electric
components including the electric path can be made
compact.

[0027] The battery case may include a box-like body
having an opening in an upper portion thereof, and a lid
member attached to the body to close the opening; and
the plurality of electric components may be placed such
that the electric components overlap with the lid member
when viewed from above.
[0028] In accordance with this configuration, by mov-
ing the lid member to open the opening, a maintenance
and inspection work of the electric components can be
carried out easily.
[0029] The plurality of electric components may in-
clude a service plug which is manually operated to per-
form switching between a power supply state in which
the electric power is supplied from the battery unit to a
power load and a cut-off state in which the electric power
is inhibited from being supplied from the battery unit to
the power load, and the service plug may be placed such
that the service plug overlaps with the lid member.
[0030] In accordance with this configuration, the serv-
ice plug can be manually operated easily.
[0031] The plurality of electric components may in-
clude a charging connector which is connectable to an
electric power supply for charging the battery; and the
charging connector may be placed such that the charging
connector overlaps with the lid member when viewed
from above.
[0032] In accordance with this configuration, a charg-
ing work can be carried out easily.
[0033] The straddle electric vehicle may further com-
prise a vehicle body frame including a head pipe sup-
porting a steering shaft such that the steering shaft is
rotatable, and a pair of right and left main frames extend-
ing substantially rearward from the head pipe; and a
DC/DC converter for converting an electric potential of
DC power stored in the battery unit; the battery unit may
include a plurality of battery modules each including a
plurality of battery cells, and a battery frame for fastening
the plurality of battery modules; the plurality of electric
components may be stored in the battery case together
with the battery unit; and the battery case may be placed
between the pair of right and left main frames such that
the battery case does not overlap with the main frames
when viewed from above.
[0034] In accordance with this configuration, since the
battery unit is integrated with the electric components
and the like and stored in the battery case. This battery
case is placed between the main frames such that the
battery case does not overlap with the main frames.
Therefore, by inserting the battery case into a space be-
tween the main frames, from above, the battery case can
be mounted to the vehicle body frame. This allows the
battery unit, the electric components, and the battery
case to be easily mounted to the vehicle body frame.

Advantageous Effects of Invention

[0035] As should be appreciated from the foregoing,
in accordance with the present invention, the electric
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components can be protected from outside environment,
and it becomes possible to suppress heat radiated from
the electric components from affecting the components
such as the battery. The above and further objects and
features of the invention will more fully be apparent from
the following detailed description with accompanying
drawings.

Brief Description of Drawings

[0036]

[Fig. 1] Fig. 1 is a left side view of an electric motor-
cycle which is an exemplary straddle electric vehicle
according to an embodiment of the present inven-
tion.
[Fig. 2] Fig. 2 is a block diagram showing electric
components and electric wires which are connected
to a battery unit and an inverter of Fig. 1.
[Fig. 3] Fig. 3 is a perspective view showing a state
in which the electric components and the electric
wires are mounted to the battery unit of Fig. 1, when
viewed from forward, rightward and above.
[Fig. 4] Fig. 4 is a perspective view showing a battery
case of Fig. 1, when viewed from forward, rightward
and above.
[Fig. 5] Fig. 5 is a perspective view showing a state
in which an upper lid is detached from the battery
case of Fig. 4, when viewed from rearward, rightward
and above.
[Fig. 6] Fig. 6 is a cross-sectional view of the battery
case of Fig. 4, when viewed from rightward.
[Fig. 7] Fig. 7 is a partial cross-sectional view of the
battery case of Fig. 4, when viewed from above.
[Fig. 8] Fig. 8 is a partial cross-sectional view of the
battery case of Fig. 4, when viewed from above.
[Fig. 9] Fig. 9 is a partial cross-sectional view of the
battery case of Fig. 4, when viewed from above.
[Fig. 10] Fig. 10 is a bottom view of down frames and
the battery case of Fig. 1.
[Fig. 11] Fig. 11 is a partial cross-sectional view of
the down frames and the battery case of Fig. 10,
when viewed from forward.
[Fig. 12] Fig. 12 is a partial cross-sectional view of
the down frame and the battery case according to a
modified example, when viewed from forward.
[Fig. 13] Fig. 13 is a partial cross-sectional view of
the down frame and the battery case according to
another modified example, when viewed from for-
ward.

Description of Embodiments

[0037] Hereinafter, embodiments of the present inven-
tion will be described with reference to the accompanying
drawings. The stated directions are referenced from the
perspective of a rider riding in an electric motorcycle
which is an exemplary straddle electric vehicle. Through-

out the drawings, the same or corresponding compo-
nents are designated by the same reference symbols
and will not be described in repetition in detail.

(Overall construction of electric motorcycle)

[0038] Fig. 1 is a left side view of an electric motorcycle
1 which is an exemplary straddle electric vehicle accord-
ing to an embodiment of the present invention. As shown
in Fig. 1, the electric motorcycle 1 includes a front wheel
2 which is a driven wheel, a rear wheel 3 which is a drive
wheel, a vehicle body frame 4 which is disposed between
the front wheel 2 and the rear wheel 3, and an electric
motor 5 mounted to the vehicle body frame 4. The electric
motorcycle 1 is not equipped with an internal combustion
engine and is configured to rotate the rear wheel 3 by
driving power generated in the electric motor 5.
[0039] The front wheel 2 is rotatably mounted to the
lower portion of a front fork 6 extending substantially ver-
tically such that it is inclined with a certain caster angle.
A steering shaft 7 is coupled to the upper portion of the
front fork 6, and a bar-type handle 8 is attached to the
upper portion of the steering shaft 7. A right grip of the
handle 8 is an accelerator grip (not shown) which is ma-
nipulated by the rider to adjust the driving power gener-
ated in the electric motor 5.
[0040] The vehicle body frame 4 includes a head pipe
11, a pair of right and left and a pair of upper and lower
main frames 12, a pair of right and left down frames 13,
a pair of right and left pivot frames 14, a pair of right and
left swing arms 15, and a seat frame 16. The head pipe
11 supports the steering shaft 7 such that the steering
shaft 7 is rotatable.
[0041] The main frame 12 includes a pair of right and
left upper main frame members 12a, a pair of right and
left lower main frame members 12b, and truss frame
members 12c coupling the upper main frame members
12a to the lower main frame members 12b. The upper
main frame members 12a extend substantially in parallel
with the lower main frame members 12b, respectively.
The upper main frame members 12a and the lower main
frame members 12b extend rearward from the head pipe
11 such that they are inclined slightly downward. Each
of the upper main frame members 12a is bent substan-
tially downward at its rear end portion and joined to the
corresponding lower main frame member 12b to form a
unitary member. Each of the truss frame members 12c
couples the upper main frame member 12a to the lower
main frame member 12b at a position which is forward
relative to a point where the upper main frame member
12a and the lower main frame member 12b are joined
together. This structure can improve a stiffness of the
overall main frames 12.
[0042] Each of the down frames 13 includes a vertical
frame member 13a extending substantially downward
when viewed from the head pipe 11, and a lower frame
member 13b extending substantially horizontally and
rearward from the lower end of the vertical frame member
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13 a. Each of the pivot frames 14 is coupled to the rear
end portion of the main frame 12 and the rear end portion
of the lower frame member 13b. The swing arms 15 ex-
tend substantially in a forward or rearward direction. Each
of the swing arms 15 is pivotally coupled at its front end
portion to the pivot frame 14, and supports the rear wheel
3 by its rear end portion such that the rear wheel 3 is
rotatable. The seat frame 16 extends rearward such that
it is inclined slightly upward, from the rear end portions
of the upper main frame members 12a and the upper end
portions of the pivot frames 14. The seat frame 16 sup-
ports a seat (not shown) on which the rider and a pas-
senger is seated in the forward or rearward direction.
[0043] The electric motor 5 is placed in a region which
is below the down frames 13 and forward relative to the
pivot frames 14. The driving power generated in the elec-
tric motor 5 is transmitted to the rear wheel 3 via a driving
power transmission mechanism 17. The electric motor 5
is stored into a motor case 18. The motor case 18 con-
tains a transmission 17a (see Fig. 2) constituting the driv-
ing power transmission mechanism 17, together with the
electric motor 5 and is suspended from the down frames
12 and the pivot frames 14. It should be noted that the
transmission 17a (see Fig. 2) may be a multi-stage trans-
mission or gearless transmission, and may be manual or
automatic transmission.
[0044] The electric motorcycle 1 incorporates an in-
verter case 19 and a battery case 80. The inverter case
19 contains electric components including the inverter
20, while the battery case 80 contains electric compo-
nents including a battery unit 60. The inverter case 19 is
placed in a space of a substantially-inverted-triangle
shape when viewed from a side, which is surrounded by
the main frame 12, the pivot frame 14 and the seat frame
16, and positioned immediately rearward relative to the
lower rear end portion of the battery case 80.
[0045] The battery case 80 is placed in a space which
is between the pair of right and left main frames 12, above
the lower frame members 13b and forward relative to the
pivot frames 14. The battery case 80 is sandwiched be-
tween the front wheel 2 and the rear wheel 3 in the forward
or rearward direction. The battery case 80 is placed be-
tween the pair of right and left main frames 12 such that
it does not overlap with the main frames 12 when viewed
from above. Therefore, by inserting the battery case 80
into a space between the main frames 12, from above or
from below, the battery case 80 can be mounted to the
vehicle body frame 4. As will be described in detail later,
the battery case 80 is supported by the upper surfaces
of the lower frame members 13b, and the down frames
13 serve as support frame members for supporting the
battery case 80 and the battery unit 60. Also, the battery
case 80 is fastened to the right and left main frames 12.
This makes it possible to effectively prevent an excess
load from being applied to the down frames 13, and sup-
port the battery case 80 with a heavy weight by the entire
vehicle body frame 4.
[0046] As will be described later in detail, the front sur-

face of the battery case 80 is offset rearward in a stepwise
manner, in an upward direction. This makes it possible
to prevent interference between the handle 8 and a por-
tion of the battery case 80 which portion is located above
the main frames 12. In addition, a portion of the battery
case 80 which portion is located below the main frames
12, is increased in size in a forward direction to fill a dead
space which is behind the front wheel 2, which contrib-
utes to an increase in a battery capacity. In the present
embodiment, each of the vertical frame members 13a is
joined to the front end portion of the lower main frame
member 12b. Since the down frames 13 are not directly
joined to the head pipe 11, it becomes easy to ensure
the space in which the battery case 80 is placed, even if
the caster angle is set smaller. Also, the lower portion of
the rear surface of the battery case 80 is offset forward
relative to the upper portion of the rear surface. This
makes it possible to prevent interference between the
rear portion of the battery case 80 and the rear end por-
tions of the upper and lower main frame members 12a,
12b. In addition, a portion of the battery case 80 which
portion is located above the main frames 12, is increased
in size in a rearward direction, which contributes to an
increase in the battery capacity.
[0047] To steer the electric motorcycle 1, the rider is
seated over the seat (not shown), stretches the rider’s
hands up to the handle 8, and stretches the rider’s feet
to the lower end portions of the pivot frames 14. At this
time, the rider grips the rear upper portion of the battery
case 80 located forward relative to the seat, with knees.
As will be described in detail later, the battery case 80
has a shape in which a dimension of its rear upper portion
in the rightward or leftward direction is smaller than a
dimension of its rear lower portion in the rightward or
leftward direction. This allows the rider to easily grip the
battery case 80 with the knees. In addition, the rear lower
portion of the battery case 80, which is not reached by
the rider’s knees, can be increased in size in the rightward
or leftward direction, which contributes to an increase in
the battery capacity.
[0048] An air-intake duct 21 is coupled to the front sur-
face of the battery case 80, while an air discharge duct
22 is coupled to the rear surface of the battery case 80.
The air-intake duct 21 extends forward from the front sur-
face of the battery case 80. The air discharge duct 22
extends downward from the upper portion of the rear sur-
face of the battery case 80 and is coupled to the upper
surface of the inverter case 19. By providing these ducts
21, 22, ram air from forward is taken into the air-intake
cut 21, and sent to the interior of the battery case 80 via
the air-intake duct 21. Also, the air is discharged from
the interior of the battery case 80 to the air discharge
duct 22, and sent to the interior of the inverter case 19
via the air discharge duct 22. In this way, the electric
components stored in the battery case 80 and the electric
components stored in the inverter case 19 can be cooled
by the air. As a result, reliability of the operation of these
electric components can be maintained.
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[0049] An air-intake port 21a which is the upstream
end of the air-intake duct 21 protrudes forward farther
than the axis of the front fork 6 when viewed from a side.
This makes it possible to prevent a situation in which rain
water and mud splashed up by the wheels 2, 3 enters
the air-intake duct 21 through the air-intake port 21 a.
The downstream end of the air-intake duct 21 is connect-
ed to a portion of the front surface of the battery case 80,
which portion is in the vicinity of the head pipe 11 in the
forward or rearward direction, and overlaps with the main
frame 12 when viewed from a side. Because of this, the
length of the air-intake duct 21 can be reduced signifi-
cantly, in the layout in which the air-intake port 21 a is
located forward relative to the front fork 6. This can sig-
nificantly reduce a passage resistance in the air-intake
duct 21, which allows the ram air to be sent smoothly to
the interior of the battery case 80. Since the exhaust fan
22 is placed at the upper portion of the battery case 80,
it becomes possible to reduce a possibility that the rain
water or the like enters the interior of the battery case 80
via the exhaust fan 22.

(Electric configuration)

[0050] Fig. 2 is a block diagram showing the electric
components and electric wires which are connected to
the battery unit 60 and the inverter 20 of Fig. 1. As shown
in Fig. 2, the battery unit 60 includes a plurality of battery
modules 61 and a battery frame 64. Each of the battery
modules 61 includes a plurality of battery cells 62 and a
module casing 63 of a rectangular parallelepiped shape,
for storing the plurality of battery cells 62. Each of the
battery cells 62 is a secondary battery which is capable
of storing DC power, and is, for example, a lithium ion
battery or nickel metal hydride. The plurality of battery
cells 62 are aligned and electrically connected to each
other in the interior of the module casing 63. The plurality
of battery modules 61 are densely arranged in the interior
of the battery case 80 and electrically connected in series,
in a state in which they are connected to and fastened
to the battery frame 64. Although the plurality of battery
modules 61 are illustrated as arranged laterally on the
battery frame 64 of a tray shape in Fig. 2, specific layout
of the battery modules 61 and specific structure of the
battery frame 64 are different from those shown in Fig.
2, as will be described later (see Figs. 3 and 6).
[0051] As should be understood from above, the bat-
tery unit 60 is configured such that many battery cells 62
are connected in series in an electric view point, and as
a result serves as the secondary battery of high-voltage
DC power (e.g., 200 to 300V). It should be noted that all
of the battery cells 62 constituting the battery unit 60 need
not be connected in series. Alternatively, all of the battery
cells 62 may be divided into a plurality of groups, the
plurality of battery cells in each group may be connected
in series, and the plurality of groups may be connected
in parallel.
[0052] The battery unit 60 is electrically and mechan-

ically connected to the inverter 20 via a high-voltage elec-
tric wire 31 composed of a power wire 31p and a ground
wire 31n. The inverter 20 converts high-voltage DC pow-
er supplied from the battery unit 60 into three-phase AC
power. Then, the AC power is supplied to the electric
motor 5 via AC wires 32. The electric motor 5 is activated
by the AC power supplied from the inverter 20 and gen-
erates the driving power corresponding to electric char-
acteristics such as a current.
[0053] The power wire 31p of the high-voltage electric
wire 31 is connected in parallel with a bypass wire 33. A
current steering resistor 34 and an anti-rush-current relay
35 are provided in series on the bypass wire 33. An in-
verter P-side relay 36 is provided on the power wire 31p
of the high-voltage electric wire 31, at a position between
two connection points at which the power wire 31p is
connected to the bypass wire 33. An inverter N-side relay
37 is provided on the ground wire 31 n of the high-voltage
electric wire 31. The inverter case 19 contains a smooth-
ing capacitor 38 provided between the power wire 31p
and the ground wire 31n. When the vehicle is started, it
becomes possible to prevent a rush current with an ex-
cessively great magnitude from flowing through the in-
verter 20 by suitably selecting ON/OFF of the relays 35
to 37, even under a state in which charges are not accu-
mulated in the smoothing capacitor 38. Current meter(s)
53 is/are attached onto the power wire 31p, the ground
wire 31n and/or the bypass wire 33 (in Fig. 2, a case
where the current meter 53 is attached only on the power
wire 31p is exemplarily shown).
[0054] A service plug 40 is provided on a wire 39 con-
necting the battery modules 61 to each other. The service
plug 40 includes a plug 41 for switching between conti-
nuity (conduction) and cut-off of the wire 39 and a fuse
42 for cutting off the wire 39 if a current with an exces-
sively great magnitude flows therethrough. A mainte-
nance operator operates the plug 41 manually to enable
switching between a power supply state in which the wire
39 is placed in a conductive state and the electric power
can be supplied from the battery unit 60 to the electric
motor 5 and a cut-off state in which the wire 39 is placed
in a cut-off state and the electric power supplied from the
battery unit 60 to the electric motor 5 is cut off.
[0055] The electric motor 1 includes a low-voltage bat-
tery 43 which is a secondary battery of a low-voltage DC
power (e.g., 12V), separately from the battery unit 60
which is a power supply for the electric motor 5. The low-
voltage battery 43 is connected to a power load which is
other than the electric motor 5, via a low-voltage electric
wire 44. The power loads which use the low-voltage bat-
tery 43 as the power supply include, for example, the
exhaust fan 55 and an indoor fan 56 for generating an
air flow in the interior of the battery case 80, a fan con-
troller 57 for controlling the operation of the exhaust fan
55 and the operation of the indoor fan 56, a battery mon-
itoring unit 58 for monitoring a state of charge (SOC) of
the battery unit 60 and a vehicle control unit 59 for con-
trolling the operation of the electric motor 5. In addition
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to these, the power loads include a lighting device such
as a head light, a tail lamp and a direction indicator, gaug-
es or display device such as a speed meter.
[0056] The low-voltage battery 43 is connected to a
DC/DC converter 45 via a first converter wire 46 com-
posed of a power wire 46p and a ground wire 46n. The
DC/DC converter 45 is connected to the high-voltage
electric wire 31 via a second converter wire 47 composed
of a power wire 47p and a ground wire 47n. A DC/DC
converter relay 48 is provided on the power wire 47p or
the ground wire 47n (in Fig. 2, a case where the DC/DC
converter relay 48 is provided on the ground wire 47n is
exemplarily shown).
[0057] The high-voltage electric wire 31 is connected
to a charging connector 49 via a charging wire 50 includ-
ing a power wire 50p and a ground wire 50n. A charging
P-side relay 51 is provided on the power wire 50p, while
a charging N-side relay 52 is provided on the ground wire
50n. The charging connector 49 is connectable to an out-
side electric power supply. When the charging connector
49 is connected to the outside electric power supply, the
electric power is supplied from the outside electric power
supply to the battery unit 60 via the charging wire 50 and
the high-voltage electric wire 31, thereby charging the
battery unit 60. Also, the low-voltage battery 43 can be
charged with the electric power supplied from the outside
electric power supply. Or, during deceleration of the ve-
hicle, the electric motor 5 operates as a generator. In this
case, the inverter 20 converts the AC power generated
in the electric motor 5 into the DC power, which charges
the battery unit 60 and the low-voltage battery 43. Also,
the DC/DC converter 45 converts the electric potential
of the DC power stored in the battery unit 60, and the DC
power with the converted electric potential can charge
the low-voltage battery 43.
[0058] As described above, the plurality of electric
components and the plurality of electric wires are con-
nected to the battery unit 60 and the inverter 20. Among
the plurality of electric components, the resistor 34, the
relays 35 to 37, 48, 51, 52, the service plug 40, the DC/DC
converter 45, and the current meter 53 are stored in the
battery case 80. The charging connector 49 may be
stored into the battery case 80. In addition to the com-
ponents shown in Fig. 2, a ground leakage detector 54
(see Fig. 3) may be stored into the battery case 80. In
description below, in some cases, among the plurality of
electric components, the electric components stored into
the battery case 80 will be collectively referred to as "in-
side electric components 30", while the electric compo-
nents (e.g., smoothing capacitor 38, the low-voltage bat-
tery 43, etc.) placed outside of the battery case 80, will
be collectively referred to as "outside electric compo-
nents". Among the plurality of electric wires, a portion of
the high-voltage electric wire 31, the entire bypass wire
33, a portion of the first converter wire 46, the entire sec-
ond converter wire 47, and the entire charging wire 50,
are stored into the battery case 80.

(Battery unit)

[0059] Fig. 3 is a perspective view showing a state in
which the inside electric components 30 and the electric
wires are mounted to the battery unit 60 of Fig. 2, when
viewed from forward, rightward and above. As shown in
Fig. 3, each of the battery modules 61 includes the mod-
ule casing 63 of a rectangular parallelepiped shape, and
the battery modules 61 are densely arranged such that
its height direction substantially conforms to the vertical
direction, its widthwise direction substantially conforms
to the right and leftward direction, and its lengthwise di-
rection substantially conforms to the forward or rearward
direction. When the plurality of battery modules 61 thus
densely arranged are viewed in a macroscopic manner,
they include a lower section 65 of a rectangular parallel-
epiped shape, and an upper section 66 stacked on the
lower section 65. The front surface of the lower section
65 is offset rearward relative to the front surface of the
upper section 66. The rear surface of the upper section
66 is offset forward relative to the rear surface of the
lower section 65. The left side surface and right side sur-
face of the lower section 65 are substantially coplanar
with the left side surface and right side surface of the
upper section 66 at its front portion, while the left side
surface and right side surface of the lower section 65 are
offset at its rear portion toward the center in the rightward
or leftward direction, relative to the left side surface and
right side surface of the upper section 66. Because of
this structure, the upper surface of the upper section 66
has a substantially-T shape when viewed from above.
[0060] The battery frame 64 includes a bottom plate
portion 67 supporting the bottom surface of the lower
section 65, a pair of lower side cover portions 68 covering
the left side surface and right side surface of the lower
section 65, a lower front cover portion 69 covering the
front surface of the lower section 65, a lower rear cover
portion 70 covering the rear surface of the lower section
65, an intermediate plate portion 71 covering the upper
surface of the lower section 65 and supporting the bottom
surface of the upper section 66, a top plate portion 72
provided on the upper surface of the upper section 66,
and a front bracket 63 connecting the front edge of the
top plate portion 72 to the front edge of the intermediate
plate portion 71.
[0061] The battery frame 64 is formed by joining to-
gether metal plate members which are press-formed, by
means of bolts. Each of the lower side cover portions 68
is fastened at its lower end portion to the bottom plate
portion 67, and at its upper end portion to the intermediate
plate portion 71. The lower front cover portion 69 is fas-
tened at its upper end portion to the pair of lower side
cover portions 68 and at its lower end portion to the bot-
tom plate portion 67. The lower rear cover portion 70 is
fastened at its upper end portion to the intermediate plate
portion 71 and at its lower end portion to the bottom plate
portion 67. The plurality of battery modules 61 are joined
to the battery frame 64 assembled as described above
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by means of bolts, etc., thus constructing the battery unit
60.
[0062] By joining the battery modules 61 to the battery
frame 64, the battery modules 61 are unitarily coupled
together. The battery frame 64 has a frame shape con-
forming to the outer shape of the battery unit 60, and has
a frame shape extending along the sides or surfaces of
a cubic body, in the present embodiment. The battery
frame 64 has a stiffness sufficient to bear the weight of
the battery modules 61 by its bottom surface, in a state
in which all of the battery modules 61 are joined to the
battery frame 64. In addition, the battery frame 64 is able
to support the battery modules 61 even in a state in which
it is suspended by a suspending member attached on its
upper surface.
[0063] In accordance with the battery unit 60 config-
ured as described above, since the plurality of battery
modules 61 are densely arranged such that the lower
section 65 and the upper section 66 are stacked together
in the vertical direction, it becomes possible to suppress
an increase in the dimension of the battery unit 60 in the
rightward or leftward direction while increasing the vol-
ume of the battery unit 60. This allows the battery unit 60
to be suitably incorporated into the electric motorcycle
including the vehicle body which is relatively small in the
rightward or leftward direction. The battery modules 61
are connected to and fastened to the battery frame 64.
For this reason, the plurality of battery modules 61 restrict
each other via the battery frame 64. Therefore, even if
the battery unit 60 is subjected to loads such as twisting,
bending, compression, tension and shear, during driving,
it becomes possible to suppress the battery modules 61
from being displaced individually. As a result, a weight
balance of the vehicle can be stabilized during driving.
[0064] In the present embodiment, to implement the
above described shape of the battery unit 60, the battery
unit 60 includes two large battery modules 61 a, one me-
dium battery module 61b, and four small battery modules
61c. The large battery modules 61 a, the medium battery
module 61 b, and the small battery modules 61 c are
different in volume from each other. The two large battery
modules 61 a are stacked together in the vertical direction
in a state in which they are not deviated from each other
in the forward or rearward direction or in the rightward or
leftward direction.
[0065] The four small battery modules 61c are placed
such that they sandwich the lower large battery module
61 a in the forward or rearward direction. The two small
batteries 61 c at a front side are arranged in the rightward
or leftward direction, while the two small batteries 61c at
a rear side are also arranged in the rightward or leftward
direction (in Fig. 3, only right side is shown). The large
battery module 61 a and the small battery modules 61 c
are equal in height. This allows the upper surfaces of the
five battery modules 61 at a lower side to be substantially
coplanar with each other and the bottom surfaces of the
five battery modules 61 at a lower side to be substantially
coplanar with each other. The width of the small battery

modules 61c is slightly smaller than a half of the width of
the large battery module 61 a. This allows the left side
surfaces of the five battery modules 61 at a lower side
to be substantially coplanar with each other and the right
side surfaces of the five battery modules 61 at a lower
side to be substantially coplanar with each other. In this
way, the five battery modules 61 constitute the above
stated lower section 65.
[0066] One medium battery module 61b is placed rear-
ward relative to the upper large battery module 61 a. In
other words, one medium battery module 61 b is placed
on the two small battery modules 61c at a rear side. The
medium battery module 61b and the large battery module
61 a are equal in height. This allows the upper surfaces
of the two battery modules 61 at an upper side to be
substantially coplanar with each other and the bottom
surfaces of the two battery modules 61 at an upper side
to be substantially coplanar with each other. The width
of the medium battery module 61b is smaller than the
width of the large battery module 61a. The widthwise
center axis of the medium battery module 61b substan-
tially conforms to the widthwise center axis of the large
battery module 61 a. This allows the left side surface and
right side surface of the medium battery module 61b to
be offset toward the center in the rightward or leftward
direction, relative to the left side surface and right side
surface of the large battery module 61 a. The upper sur-
face of the medium battery module 61 b and the upper
surface of the large battery module 61 a have a substan-
tially-T shape as a whole when viewed from above. The
lengthwise length of the medium battery module 61b is
greater than the lengthwise length of the small battery
module 61c. This allows the rear surface of the medium
battery module 61b to be offset rearward relative to the
rear surfaces of the two small battery modules 61c at a
rear side. No battery module is placed forward relative
to the large battery module 61 a at an upper side. This
allows the front surface of the large battery module 61 a
at an upper side to be offset rearward relative to the front
surfaces of the two small battery modules 61c at a front
side. In this way, the two battery modules 61 constitute
the above stated upper section 66.
[0067] It should be noted that the above described con-
figuration is merely exemplary, and the sizes of the bat-
tery modules 61 and the number of the battery modules
61 can be suitably changed.

(Electric components and electric wires inside of battery 
case)

[0068] The battery unit 60 is assembled and integrated
with the inside electric components 30 and the plurality
of electric wires, which are described above, and stored
into the battery case 80 (see Figs. 4 to 6). Since the bat-
tery unit 60 has a high stiffness because of the battery
frame 64, it can continue to stably support the inside elec-
tric components 30 and the electric wires, even when the
battery unit 60 is subjected to a load during driving. In
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description below, an assembly of the battery unit 60, the
inside electric components 30 and the electric wires, will
be referred to as "battery assembly 79".
[0069] Among the inside electric components 30, the
DC/DC converter 45 is mounted to the front surface of
the upper section 66. In front of the front surface of the
upper section 66, there is formed a space which can be
formed by offsetting the front surface of the lower section
65 forward relative to the upper section 66. The DC/DC
converter 45 is placed in this space. The DC/DC convert-
er 45 is in a lowest possible position within the space.
The bottom portion of the DC/DC converter 45 is in close
proximity to the front edge of the intermediate plate por-
tion 71 of the battery frame 64 and the upper surface of
the upper section 66. This makes it possible to avoid that
a considerable recessed portion which recedes rearward
is formed between the front surface of the DC/DC con-
verter 45 and the front surface of the lower section 65,
in the vertical direction. Thus, the front surface of the
battery assembly 79 is offset rearward in a stepwise man-
ner from a lower side toward an upper side. Since the
dimension of the DC/DC converter 45 in the forward or
rearward direction is smaller than the lengthwise length
of the small battery module 61c, the front surface of the
DC/DC converter 45 is placed rearward relative to the
front surface of the lower section 65.
[0070] Among the inside electric components 30, the
resistor 34, the relays 35 to 37, 48, 51, 52, the service
plug 40, the charging connector 49, the current meter 53,
and the ground leakage detector 54 are mounted to the
upper surface of the battery unit 60 (i.e., the upper surface
of the upper section 66 and/or the upper surface of the
top plate portion 72). These inside electric components
30, other than the DC/DC converter 45, are densely ar-
ranged in a rectangular region when viewed from above,
which may be virtually defined on the upper surface of
the battery unit 60. This rectangular region in the forward
or rearward direction extends over substantially the entire
upper surface of the battery unit 60 in the forward or rear-
ward direction. This rectangular region in the rightward
or leftward direction extends over substantially the entire
width of the rear portion of the upper section 66 (i.e.,
medium battery module 61b). In other words, the upper
surface of the front portion of the upper section 66 (i.e.,
large battery module 61 a) constitutes a pair of non-
mounting surfaces 61d in which the inside electric com-
ponents 30 are not placed, in a portion protruding in the
rightward or leftward direction, when viewed from the rear
portion of the upper section 66.
[0071] The relays 35 to 37, 48, 51, 52, are densely
arranged in the rear portion of the rectangular region.
The current meter 53 is adjacent to the inverter P-side
relay 36. The ground leakage detector 54 is placed in the
front portion of the rectangular region. The service plug
40 and the charging connector 49 are placed adjacently
to the ground leakage detector 54 in the rightward or
leftward direction or between the relay group and the
ground leakage detector 54 in the forward or rearward

direction.
[0072] Among the relays 35 to 37, 48, 51, 52, the in-
verter P-side relay 36 and the inverter N-side relay 37
are relatively large, while the remaining four relays 35,
48, 51, 52 are relatively small. In view of this, the inverter
P-side relay 36 and the inverter N-side relay 37 are ar-
ranged side by side in the center portion in the rightward
or leftward direction, in the rear portion of the rectangular
region. The remaining four relays 35, 48, 51, 52 are ar-
ranged such that the two relays 36, 37 are sandwiched
between the four relays 35, 48, 51, 52 in the rightward
or leftward direction. As will be described later, the ex-
haust fan 55 (see Fig. 5) is attached to the rear upper
portion of the battery case 80 (see Fig. 5). The width of
the exhaust fan 55 is smaller than the width of the relays
35 to 37, 48, 51, 52. The relays 35 to 37, 48, 51, 52 are
placed to face the exhaust fan 55 in the forward or rear-
ward direction. In this structure, the relays 35 to 37, 48,
51, 52 can be suitably cooled by the air.
[0073] The electric wires stored in the battery case 80
are wire harnesses 74 or bus bars 75. Each of the bus
bars 75 includes a bent metal plate member 76 and an
insulating cover 77 covering a portion between both ends
of the metal plate member 76. The metal plate member
76 is placed to extend along the surface of the battery
unit 60 and the surfaces of the inside electric components
30. A portion of the metal plate 76 which is not covered
with the insulating cover 77 serves as a contact which is
electrically connected to a terminal of the battery module
61 or a terminal of the inside electric component 30.
[0074] The buss bars 75 are used for electric connec-
tion accomplished inside of the battery case 80, while
the wire harnesses 74 are used for electric connection
between the inside electric components 30 and the out-
side electric components. The electric connection ac-
complished inside of the battery case 80 includes con-
nection between the battery modules 61, connection be-
tween the inside electric components 30, and connection
between the battery modules 61 and the inside electric
components 30. The high-voltage electric wire 31 (see
Fig.2) includes a portion used for the the connection be-
tween the inside electric components 30 and a portion
used for the connection between the inside electric com-
ponents 30 and the outside electric components. There-
fore, the uses of the wire harnesses 74 and the uses of
the bus bars 75 are easily understood when an attention
is paid to the power wire 31p and the ground wire 31n
constituting the high-voltage electric wire 31.
[0075] Regarding the power wire 31p, the bus bar 75
is used in a portion connecting the P terminal of the large
battery module 61 a at an upper side to the inverter P-
side relay 36. The bus bar 75 is also used in a portion
connecting the inverter P-side relay 36 to the current me-
ter 51. The bus bar 75 and the wire harness 74 are both
used in a portion connecting the current meter 53 which
is the inside electric component 30 to the smoothing ca-
pacitor 38 (see Fig. 2) or the inverter 20 (see Fig. 2) which
is the outside electric component. The bus bar 75 extends
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from the current meter 53 and the wire harness 74 ex-
tends toward the outside electric component. A terminal
block 78 is provided on the rear end portion of the non-
mounting surface 61 at a right side. The bus bar 75 is
electrically connected to the wire harness 74 at the ter-
minal block 78. The same applies to the ground wire 31n.
The bus bar 75 is used in a portion connecting the N
terminal of the large battery module 61 a at an upper side
to the inverter N-side relay 37. The bus bar 75 and the
wire harness 74 are both used in a portion connecting
the inverter N-side relay 37 which is the inside electric
component 30 to the smoothing capacitor 38 (see Fig.
2) or the inverter 20 (see Fig. 2) which is the outside
electric component. The bus bar 75 extends from the
inverter N-side relay 37 and the wire harness 74 extends
toward the outside electric component. The bus bar 75
is electrically connected to the wire harness 74 at the
terminal block 78 (see Fig. 5) provided on the rear end
portion of the non-mounting surface 61 d at a left side
(see Fig. 5).
[0076] Two wire harnesses 74 used in the power wire
31p and the ground wire 31n extend rearward from the
non-mounting surface 61 d. These two wire harnesses
74 are apart outward in the rightward or leftward direction
from the rear portion of the upper section 66. Also, these
two wire harnesses 74 overlap with the upper surface of
the rear portion of the lower section 65 (i.e., two small
battery modules 61c at a rear side).
[0077] Many of the electric wires connected to the bat-
tery unit 60 are placed to extend along the surface of the
battery unit 60 and the surfaces of the inside electric com-
ponents 30. This makes it possible to compactly config-
ure the structure in the vicinity of the inside electric com-
ponents 30. The wire harness 74 used in the high-voltage
electric wire 31 is also placed in an outward region of the
rectangular region in the rightward or leftward direction
and does not interfere with the inside electric components
30. If the metal plate member 76 is formed to have a
great width, it can easily have a greater cross-sectional
area than the wire harness 74, which makes it possible
to reduce a need for a material which is expensive and
has a great specific weight, such as silver and copper,
although these have a high electric conductivity. For ex-
ample, aluminum is suitably used as the metal plate
member 76 to make the electric wire inexpensive and
light.
[0078] The anti-rush-current relay 35, the inverter P-
side relay 36 and the charging P-side relay 51 are con-
nected in parallel to the power wire 31p. These relays
35, 36, 51 are placed in a rear right portion of the above
stated rectangular region. The relay 35 is relatively large
in size, while the relays 36, 51 are relatively small in size.
The height of the relay 35 is different from the height of
the relays 36, 51, but these three relays 35, 36, 51 are
placed such that their upper surfaces are coplanar with
each other. Thereby, by merely mounting the flat bus bar
over the upper surfaces of these three relays 35, 36, 51,
the above stated parallel connection is implemented.

Since these three relays 35, 36, 51 are densely arranged,
the flat bus bar can be reduced in size. The same applies
to the inverter N-side relay 37, the charging N-side relay
52 and the DC/DC converter relay 48 which are densely
arranged in a rear left portion of the rectangular region.

(Schematic configuration of battery case)

[0079] Fig. 4 is a perspective view showing the battery
case 80 of Fig. 1, when viewed from forward, rightward
and above. Fig. 5 is a perspective view showing a state
in which an upper lid 83 is detached from the battery case
80 of Fig. 4, when viewed from rearward, rightward and
above. In Figs. 4 and 5, the air discharge duct 22 is not
shown.
[0080] As shown in Figs. 4 and 5, the battery case 80
includes a case body 81 having an opening 82 at an
upper portion thereof, and the upper lid 83 which is de-
tachably attached to the case body 81 and covers the
opening 82. With the upper lid 82 attached to the case
body 81, a closed inner space of the battery case 80 is
formed. The battery unit 60 is stored into the inner space
of the battery case 80 in a state in which the battery unit
60 is mounted to the electric components and the electric
wires. The upper lid 83 is placed so as to overlap with
the electric components mounted to the upper surface
of the battery unit 60, when viewed from above.
[0081] By detaching the upper lid 83 from the case
body 81, the inside electric components 30 can be seen
or accessed through the opening 82, from outside and
above the battery case 80. Especially, the plug 41 of the
service plug 40 and the charging connector 49 are placed
so as to overlap with the upper lid 83, when viewed from
above. Therefore, by opening the opening 82, the plug
41 and the charging connector 49 can be easily ac-
cessed.
[0082] By pulling out the plug 41 upward, the mainte-
nance operator can perform switching from the conduc-
tive state to the cut-off state in which the electric power
supplied from the battery unit 60 to the electric motor 5
(see Fig. 2) is cut off. By returning the pulled-out plug 41
to its initial position, the maintenance operator can switch
the cut-off state to the power supply state in which the
electric power can be supplied from the battery unit 60
to the electric motor 5 (see Fig. 2). The charging connec-
tor 49 has an outlet 49a into which a connector (not
shown) of the outside electric power supply is inserted.
The outlet 49a is oriented upward. By inserting the con-
nector of the outside electric power supply into the outlet
49a through the opening 82 from outside and above, the
rider can charge the battery unit 60. As should be appre-
ciated from this, in accordance with the present embod-
iment, the manual operation and charging work of the
service plug 40 can be carried out easily. The bus bars
75 are used in many electric wires stored in the battery
case 80. Therefore, a situation will not happen, in which
the manual operation and charging work of the service
plug 40 become messy due to, for example, the fact that
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the plug 41 and the outlet 49a are hidden by the presence
of the wire harnesses when detaching the upper lid 83.
[0083] Alternatively, the charging connector 49 may be
mounted to the side wall of the battery case 80 (see two-
dotted line in Fig. 1). Even in this case, the entire charging
wire 50 (see Fig. 2) can be stored into the battery case
80, which is an advantage.
[0084] As shown in Fig. 3, a suspending member 84
which is a sheet metal of an inverted-U shape is firmly
fastened to the top plate portion 72 of the battery frame
64. When the battery case 80 storing the battery assem-
bly 79 is transported, a crane winch (not shown) is en-
gaged with the suspending member 84 in a state in which
the upper lid 83 is detached. This allows the battery case
80 with the upper lid 83 detached to be suspended to-
gether with the battery assembly 79. In this way, the bat-
tery case 80 with a heavy weight, incorporating the plu-
rality of battery modules 61 (see Fig. 3), can be easily
transported. Especially, by inserting the battery case 80
suspended by the suspending member 64 into a space
between the right and left main frames 12 from outside
and above the main frames 12, the battery case 80 can
be mounted to the vehicle body frame 4. By attaching
the upper lid 83 after the battery case 80 is mounted to
the vehicle body frame 4, the battery case 80 having the
closed space can be constructed. Alternatively, the sus-
pending member 84 may be attached to the side portion
of the battery frame 64 instead of the top plate portion 72.

(Shape of battery case)

[0085] The shape of the battery case 80 will be de-
scribed with reference to Figs. 3 to 5. The case body 81
of the battery case 80 has substantially the same outer
shape as that of the battery assembly 79. Therefore, the
case body 81 does not have a precise rectangular par-
allelepiped shape but has a shape in which several por-
tions are recessed in a box of a rectangular parallelepiped
shape. The bottom wall of the case body 81 is a substan-
tially flat plate. Since the upper surface of the upper lid
84 attached to the case body 81 is also flat, it is possible
to prevent rain water from being accumulated on the bat-
tery case 80.
[0086] The lower portion of the rear wall of the case
body 81 is offset forward relative to the upper portion of
the rear wall of the case body 81. The front wall of the
case body 81 is offset rearward in a stepwise manner, in
an upward direction. This allows the inner surface of the
battery case 80 to be made close to the rear surface,
front surface and upper surface front portion of the lower
section 65, the front surface and upper surface of the
DC/DC converter 45, and the front surface of the upper
section 66. As a result, the size of the case body 81 can
be reduced to a smallest possible degree. As described
above, it becomes possible to achieve both of prevention
of interference between the battery case 80 and the han-
dle 8 (see Fig. 1) and an increase in the battery capacity.
In addition, it becomes possible to achieve both of pre-

vention of interference between the battery case 80 and
the rear end portion of the main frames 12 (see Fig. 1)
and an increase in the battery capacity.
[0087] The width of the upper portion of the rear wall
of the case body 81 is smaller than the width of the lower
portion of the rear wall of the case body 81, and the upper
rear portion of the side wall of the case body 81 is offset
toward the center in the rightward or leftward direction.
Thereby, a pair of rear recessed portions 85 which recede
toward the center in the rightward or leftward direction
are formed at right and left sides of the upper rear portion
of the case body 81. By providing the rear recessed por-
tions 85, the inner surface of the case body 81 can be
made closer to the rear portion of the outer surface of
the upper section 66, and the size of the case body 81
can be reduced to a smallest possible degree. In addition,
as described above, the rider can easily grip the case
body 81 with the knee and increase the battery capacity.
[0088] Schematically, each of the rear recessed por-
tions 85 is surrounded by a first offset side wall 86 which
is substantially parallel to the side wall and is located
closer to the center in the rightward or leftward direction
than the side wall, an offset rear wall 87 which is sub-
stantially parallel to the rear wall and is located forward
relative to the rear wall, and a first offset upper wall 88
which is substantially horizontal and connects the lower
edge of the first offset side wall 86 to the lower edge of
the offset rear wall 87. The first offset upper wall 88 is
connected to the side wall and rear wall of the case body
81. The offset rear wall 87 is located forward relative to
the rear wall and rearward relative to the center of the
entire case body 81 in the forward or rearward direction.
[0089] The power wire 31p extends rearward from the
upper end portion of the right offset rear wall 87 along
the outer surface of the first offset side wall 86, and down-
ward along the outer surface of the rear wall of the case
body 81. The ground wire 31n penetrates the left offset
rear wall 87 and extends as in the power wire 31p. Thus,
the case body 81 is required to have a through-hole to
guide the high-voltage electric wire 31 from inside of the
battery case 80 to outside. This through-hole is formed
in the upper rear portion of the case body 81 and oriented
rearward. This makes it possible to suitably prevent rain
water or the like from entering the battery case 80 through
the through-hole.
[0090] The upper front portion of the side wall of the
case body 81 is offset toward the center in the rightward
or leftward direction. Thereby, a pair of front recessed
portions 89 which recede toward the center in the right-
ward or leftward direction are formed at right and left sides
of the upper front portion of the case body 81. Schemat-
ically, each of the front recessed portions 89 is surround-
ed by three side walls which are a second offset side wall
90 which is substantially parallel to the side wall and is
located closer to the center in the rightward or leftward
direction than the side wall, a second offset upper wall
91 which is substantially horizontal and connects the side
wall to the second offset side wall 90, and an offset front
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wall 92 which vertically rises from the rear edge of the
second offset side wall 90. The offset front wall 92 is
connected to the second offset side wall 90 and the side
wall of the case body 81.
[0091] The opening 82 of the battery case 80 is defined
by the upper edge of the front wall of the case body 81,
the upper edges of the pair of first offset side walls 86,
the upper edges of the pair of offset front walls 92, the
upper edges of the pair of side walls of the case body
81, the upper edges of the pair of offset rear walls 87,
the upper edges of the pair of second offset side walls
90, and the upper edges of the rear walls of the case
body 81. The opening 82 basically has a rectangular
shape when viewed from above, which surrounds the
rectangular shape in which the inside electric compo-
nents 30 are placed, from outside with a little gap between
the rectangular region and the opening 82. Since the
opening 82 is thus formed, the inside electric components
30 can be seen and accessed through the opening 82.
Furthermore, the opening 82 has a shape in which the
intermediate portion of the rectangular shape in the for-
ward or rearward direction protrudes rightward and left-
ward. Through this protruding portion, the terminal block
78 (see Fig. 3) for the high-voltage electric wire 31 can
be seen, and maintenance of the high-voltage electric
wire 31 can be carried out easily.
[0092] By comparison, the second offset upper wall 91
is lower than the upper edge of the wall defining the open-
ing 82, and is located outward in the rightward or leftward
direction relative to the upper edge of the wall defining
the opening 82. The second offset upper wall 91 covers
the non-mounting surface 61 d from above. This makes
it difficult for the rider or the maintenance operator to
access a region outside of the rectangular region, which
is an advantage. In other words, the upper edge of the
wall defining the opening 82 is higher than the upper sur-
face of the battery unit 60. This makes the upper edges
of the walls defining the opening 82 higher than the inside
electric components 30 within the rectangular region, and
the walls defining the opening 82 can cover the inside
electric components 30 from forward, rearward, right-
ward and leftward. Therefore, in a state in which the open-
ing 82 is opened, the inside electric components 30 can
be favorably protected from outside. In addition, the in-
side electric components 30 are placed with a gap with
the inner surface of the battery case 80. Therefore, even
if water droplets are formed on the inner surface of the
battery case 80, it becomes possible to prevent a mois-
ture from adhering to the inside electric components.
[0093] A battery monitoring unit 58 is mounted to the
right side surface of the battery case 80. As shown in Fig.
1, the vehicle control unit 59 is mounted to the left side
surface of the battery case 80. Since the right and left
side surfaces of the battery case 80 are surrounded by
the main frames 12, the controllers 58, 59 can be favo-
rably controlled. In addition, since many electronic com-
ponents are arranged within the battery case 80, the elec-
tric wires connected to the controllers 58, 59 can be com-

pactly laid out.

(Air cooling of battery case)

[0094] Fig. 6 is a cross-sectional view of the battery
case 80 of Fig. 4, when viewed from rightward. As shown
in Fig. 6, the inside electric components 30, which are
other than the DC/DC converter 45, are placed above
the battery unit 60. Therefore, heat radiated from the in-
side electric components 30 is less likely to be transmitted
to the battery unit 60. This makes it possible to suitably
suppress degradation of the battery unit 60 by the heat.
The inside electric components 30, including the DC/DC
converter 45, are placed in the upper portion in the interior
of the battery case 80. Therefore, even if the rain water
or the like enters the battery case 80, the inside electric
components 30 is less likely to be immersed in water
accumulated in the battery case 80.
[0095] The battery case 80 includes an air inlet 101
provided at the front portion of the case body 81 to intro-
duce the air from outside into the battery case 80, and
an air outlet 102 provided at the rear portion of the case
body 81 to discharge the air from inside of the battery
case 80 to outside. The air inlet 101 is placed to face the
DC/DC converter 45. The air outlet 102 is disposed at
the upper portion of the battery case 80 in a position
which is higher than the battery unit 60. The inside electric
components 30 are placed between the air inlet 101 and
the air outlet 102 in the forward or rearward direction.
[0096] The air discharge duct 22 is coupled to the air
outlet 102. The inner space of the battery case 80 is com-
municated with the inner space of the inverter case 19
(see Fig. 1) via the air outlet 102 and the air discharge
duct 22. The air outlet 102 is attached with the exhaust
fan 55. The indoor fan 56 is attached to the front portion
of the inner bottom surface of the battery case 80. The
indoor fan 56 is placed between the bottom wall of the
battery case 80 and the bottom plate portion 67 of the
battery frame 64.
[0097] With reference to Fig. 4, the front wall of the
case body 81 includes a converter cover section 103 cov-
ering the DC/DC converter 45, and the converter cover
section 103 has a pair of right and left taper portions 103
a at right and left sides which are inclined rearward as
they are outward in the rightward or leftward direction.
[0098] The air inlet 101 penetrates the right taper por-
tion 103a, while the air-intake duct 21 is connected to an
air inlet 101. The air-intake duct 21 extends rearward
such that it is inclined rightward from the air-intake port
21 a at an upstream end thereof and is connected to the
air inlet 101. The air-intake duct 21 extends from the air-
intake port 21a to the air inlet 101 in such a manner that
it is firstly oriented downward, then oriented substantially
horizontally, and then oriented rearward and upward.
Since the air-intake duct 21 has a portion which is lower
than the air-intake port 21a and the air inlet 101, the rain
water or the like can be captured within the air-intake
duct 21 even if the rain water or the like enters the air-
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intake duct 21 through the air-intake port 21a. Thus, it
becomes possible to suitably prevent the rain water or
the like from entering the battery case 80 through the air-
intake duct 21. As described above, since the air-intake
port 21 a is positioned forward relative to the front fork 6
(see Fig. 1), it becomes possible to suitably prevent mud
splashed by the front wheel 2 from entering the air-intake
duct 21.
[0099] With reference to Fig. 1, the converter cover
section 103 is provided in an intermediate portion of the
battery case 80 in the vertical direction such that the con-
verter cover section 103 overlaps with the main frame 12
and is close to the head pipe 11 in the forward or rearward
direction when viewed from a side. Because of this, the
air-intake port 21 a is positioned forward relative to the
front fork 6 with the air-intake duct 21 reduced to a short-
est possible length. Therefore, a passage resistance in
the air-intake duct 21 can be reduced significantly, so
that the ram air can be smoothly sent to the interior of
the battery case 80.
[0100] Fig. 7 is a partial cross-sectional view of the
battery case 80 of Fig. 4. As shown in Fig. 7, the width
of the DC/DC converter 45 is smaller than the width of
front portion of the upper section 66. The front surface
of the upper section 66 constitutes an uncovered surface
61e which is not covered with the DC/DC converter 45,
in a portion which is outward relative to the DC/DC con-
verter 45 in the rightward or leftward direction. By com-
parison, as described above, the converter cover section
103 has the pair of taper portions 103a, and the front
surface of the DC/DC converter 45 is covered with a por-
tion of the DC/DC converter 45 which is sandwiched be-
tween the pair of taper portions 103a. The taper portions
103a covers the uncovered surface 61 e and a distance
between the uncovered surface 61e and the inner sur-
face of taper portion 103a increases toward the center
in the rightward or leftward direction. Because of this, in
the interior of the battery case 80, there is formed an air
space 104 of a substantially right triangle shape when
viewed from above, which is surrounded by the taper
portions 103a, the upper section 66 and the DC/DC con-
verter 45, in a region which is outward relative to the
DC/DC converter 45 in the rightward or leftward direction.
[0101] The air inlet 101 opens in the air space 104 and
faces the DC/DC converter 45 with the air space 104.
Because of this, the air can smoothly flow into the battery
case 80 after the air has flowed through the air-intake
duct 21, and hence the interior of the battery case 80 can
be easily cooled by the ram air. In the interior of the battery
case 80, the air is blown to the DC/DC converter 45.
Among the inside electric components 30, especially, the
DC/DC converter 45 generates a great amount of heat
during the operation. Since the air is blown to the DC/DC
converter 45 in an initial stage of the air inflow to the
battery case 80, the DC/DC converter 45 can be suitably
cooled by the air, and hence a temperature increase in
the entire interior of the battery case 80 can be suitably
suppressed.

[0102] Turning back to Fig. 6, in the interior of the bat-
tery case 80, the air flows toward the air outlet 102. Since
the inside electric components 30 and the battery unit 60
are placed between the air inlet 101 and the air outlet
102, heat radiated from the inside electric components
30 and the battery unit 60 can be expelled to outside the
battery case 80, by the air flow. Thus, it becomes possible
to prevent a situation in which the heat radiated from the
inside electric components 30 and the battery unit 60 is
accumulated in the interior of the battery case 80. Espe-
cially since the air outlet 102 is provided at the upper
portion of the battery case 80, the air flows from the air
inlet 101 toward the air outlet 102 through the upper por-
tion of the battery case 80. This makes it possible to suit-
ably expel the heat transferred from the battery unit 60
to an upper region, by convection, or the heat radiated
from the inside electric components 30, to outside of the
battery case 80.
[0103] During driving, the air sent to the battery case
80 increases in amount, which can rotate the exhaust
fan 55 by itself irrespective of the fan controller 57. Ac-
cording to the rotation of the exhaust fan 55, an air flow
directed toward the exhaust fan 55 can be formed in the
interior of the battery case 80. In light of this, during driv-
ing, the fan controller 57 (see Fig. 2) does not electrically
actuate the exhaust fan 55. However, when the vehicle
is in a stopped state or is driving at a low speed, a suffi-
cient amount of air flow is not sent to the interior of the
battery case 80, and it may be difficult to rotate the ex-
haust fan 55 by itself. In light of this, when the vehicle
speed becomes equal to or lower than a predetermined
low speed, the fan controller 57 electrically actuates the
exhaust fan 55 to rotate it. The exhaust fan 55 is electri-
cally controlled in this way. During driving of the vehicle,
the air flow is formed in the interior of the battery case
80 and cools the interior of the battery case 80, without
consuming the electric power in the exhaust fan 55. On
the other hand, under the situation in which the air flow
is not sent sufficiently, the interior of the battery case 80
can be suitably cooled by using the exhaust fan 55 which
is electrically actuated.
[0104] The exhaust fan 55 may be controlled to be ro-
tated in the same direction as the direction in which the
exhaust fan 55 rotates itself, to form the air flow from the
air inlet 101 toward the air outlet 102, or in a direction
opposite to the direction in which the exhaust fan 55 ro-
tates itself, to form the air flow from the air outlet 102
toward the air inlet 101.
[0105] The indoor fan 56 may be controlled to operate
along with the exhaust fan 55 during, for example, a
charging work. At this time, the air blown from the indoor
fan 56 flows toward the exhaust fan 55. The indoor fan
56 is provided at the front portion of the inner bottom
surface of the battery case 80, while the exhaust fan 55
is provided at the upper rear portion of the battery case
80. Because of this, the air flows from the indoor fan 56
toward the exhaust fan 55 through the battery unit 60
such that the air flow is directed upward and rearward.
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Therefore, the heat radiated from the battery unit 60 dur-
ing the charging can be expelled to outside the battery
case 80. The indoor fan 56 may be controlled to operate
during driving and a temporarily stopped state.
[0106] After flowing through the air outlet 102, the air
is guided to the interior of the inverter case 19 (see Fig.
1) through the air discharge duct 22. Among the electric
components mounted in the electric motorcycle 1, espe-
cially, the inverter 20 (see Fig. 1) generates a great
amount of heat during its operation. Therefore, the in-
verter 20 can be cooled by the air discharged from the
battery case 80. Since the air discharge duct 22 for dis-
charging the air from the battery case 80 serves as a duct
for supplying cooling air to the interior of the inverter case
19, the configuration of the entire device for cooling the
electric components by the air can be simplified.
[0107] It should be noted that air discharge duct 22
may be omitted. Even if the air discharge duct 22 is omit-
ted, it becomes possible to suitably prevent the rain water
or the like from entering the battery case 80 through the
air outlet 102, because the air outlet 102 is provided at
the upper portion of the battery case 80. In the above
stated example, only the air outlet 102 is provided at the
upper portion of the battery case 80. However, so long
as at least one of the air inlet 101 and the air outlet 102
is provided at the upper portion of the battery case 80,
the inside electric components 30 placed on the battery
unit 60 can be suitably cooled by the air flowing from the
air inlet 101 toward the air outlet 102.

(Mounting of battery case and battery assembly)

[0108] Next, assembling of the battery case 80 and
mounting of the battery case 80 and the battery assembly
79 will be described. As shown in Fig. 5, the battery case
80 includes a first case member 111 and a second case
member 112, which are joined together such that they
are horizontally separable from each other. These two
case members 111, 112 are manufactured by molding
using a synthetic resin which is a material having an elec-
tric insulativity. These two case members 111, 112 are
manufactured by a material having a smaller specific
weight and a lower stiffness than the material of the bat-
tery frame 64 and the material of the vehicle body frame 4.
[0109] By joining these two case members 111, 112
together, the case body 81 having the opening 82 is
formed. In the present embodiment, the first case mem-
ber 111 and the second case member 112 are separable
from each other in the forward or rearward direction.
[0110] The first case member 111 includes a first body
section 113 constituting the front portion of the case body
81 and a first flange section 114 provided at the rear end
of the first body section 113. The second case member
112 includes a second body section 115 constituting the
rear portion of the case body 81 and a second flange
section 116 provided at the front end of the second body
section 115. The first flange section 114 is engageable
with the second flange section 116 such that the first

flange section 114 is directly or indirectly joined to the
second flange section 116 without a clearance in a thick-
ness direction. The outer surface of the first flange section
114 is provided with a plurality of first case joining sec-
tions 117 into which bolts 133 are inserted, respectively.
The outer surface of the second flange section 116 is
provided with a plurality of second case joining sections
118.
[0111] The first body section 113 has, in a state in
which the battery case 80 is incorporated into the electric
motorcycle 1, a bottom wall, and front, left and right walls
extending upward from the bottom wall such that they
are bent, and opens rearward and upward. The first
flange section is provided adjacently to the rear end of
the first body section, and thus has a substantially-U
shape when viewed from rearward. The second body
section 115 has, in a state in which the battery case 80
is incorporated into the electric motorcycle 1, a bottom
wall, rear, left and right walls extending upward from the
bottom wall such that they are bent and opens forward
and upward. The second flange section 116 is provided
adjacently to the front end of the second body section
115, and thus has a substantially-U shape when viewed
from rearward.
[0112] The flange sections 114, 116 protrude outward
of the case (except for forward or rearward because each
of the flange sections 114, 116 is not provided at the front
wall and the rear wall) farther than the corresponding
adjacent portions of the body sections 113, 115. The term
"outward of the case" means outward of the battery case
80 in the thickness of the battery case 80. "outward of
the case" is leftward from the perspective of the left wall
of the first body section 113 and is downward from the
perspective of the bottom wall of the first body section
113. Inward of the case is opposite to "outward of the
case". "Inward of the case" is rightward from the perspec-
tive of the left wall of the first body section 113 and is
upward from the perspective of the bottom wall of the
first body section 113. The thickness of the flange sec-
tions 114, 116 is greater than the thickness of the adja-
cent portions.
[0113] Now, the steps of assembling the battery case
80 and the steps of joining the battery case 80 and the
battery assembly 79 to each other will be described in
brief. The directions described below are from the per-
spective of the rider in a state in which the assembling
is finished and the battery case 80 and the battery as-
sembly 79 are mounted to the vehicle body frame 4.
[0114] (1) Initially, the second case member 112 is
moved in the forward or rearward direction relative to the
battery assembly 79, and the rear portion of the battery
assembly 79 is stored into the second body section 115
through a U-shaped open space defined by the second
flange section 116. (2) Then, the battery assembly 79 is
joined to the second case member 112. At this time, the
front portion of the battery assembly 79 protrudes forward
farther than the second flange section 116. (3) Then, the
first case member 111 is moved in the forward or rear-
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ward direction relative to the battery assembly 79, and
the front portion of the battery assembly 79 is stored into
the first body section 113 through a U-shaped open space
defined by the first flange section 114. In a final stage of
this storage, the first flange section 114 and the second
flange section 116 are engaged with each other and the
first case joining sections 117 and the second case join-
ing sections 118 contact each other. (4) Then, the bolts
are inserted into the first case joining sections 117 and
the second case joining sections 118, respectively.
Thereby, the first case member 111 and the second case
member 112 are fastened to each other, thereby consti-
tuting the case body 81. (5) Then, the upper lid 83 is
detachably joined to the case body 81 such that the upper
lid 83 covers the opening 82 of the case body 81. Thus,
the battery case 80 containing the battery assembly 79
is finished.
[0115] In description below, in some cases, a relative
movement direction (e.g., forward) of the second case
member 112 in the case where the battery assembly 79
is stored into the second body section 115, and a relative
movement direction (e.g., rearward) of the first case
member 111 in the case where the battery assembly 79
is stored into the first body section 113 will be referred
to as "insertion direction." Since the front surface of each
of the first case joining sections 117 and the rear surface
of the corresponding second case joining section 118 are
in contact with each other when two case members 111,
112 are joined together, the front surface of each of the
first case joining sections 117 and the rear surface of the
corresponding second case joining sections will be here-
inafter sometimes collectively referred to as "joint surfac-
es". In a state in which the two case members 111, 112
are joined together, the two flange sections 114, 116
which are engaged with each other constitute the sepa-
rable portions of the case body 81. In the present em-
bodiment, as will be described later, since the flange sec-
tions 114, 116 are fitted together, they do not form a sep-
aration "line" in a strict sense.
[0116] The flange section (i.e., first flange section 114)
formed in the case member (i.e., first case member 111)
which is forward relative to the separable portions, covers
the other case member (i.e., second case member 112),
from outward of the case. In the separable portions, the
flange sections 114, 116 directly or indirectly overlap with
each other in the thickness direction. In the present em-
bodiment, as will be described later, a recessed portion
which opens rearward is formed in the first flange section
114 placed at a forward side, and a convex portion fitted
to the recessed portion in engagement is formed in the
second flange section 116 placed at a rearward side,
thereby forming the above stated overlapping portions.
[0117] Since the case body 81 is dividable in the for-
ward or rearward direction, the joint surfaces extend sub-
stantially in the rightward or leftward direction and sub-
stantially in the vertical direction, and the parting line ex-
tends in the rightward or leftward direction above the bot-
tom wall of the case body 81 and in the vertical direction

above the pair of right and left side walls. In the present
embodiment, the parting line extends in the rightward or
leftward direction above the center portion of the bottom
wall in the forward or rearward direction. As described
above, the rear upper portion of the battery assembly 79
is offset rearward relative to the rear lower portion of the
battery assembly 79, while the front upper portion of the
battery assembly 79 is offset rearward relative to the front
lower portion of the battery assembly 79. When the sec-
ond case member 112 at a rear side, of the two case
members 111, 112, is firstly mounted to the battery as-
sembly 79, a protruding portion of the upper portion of
the battery assembly 79, which protrudes from the sec-
ond case member 112, after the step (2), can be reduced.
Therefore, the battery assembly 79 can be favorably pro-
tected when the step (2) and the step (3) are performed.
[0118] Hereinafter, the structure associated with the
steps (1) to (4) will be described.

(Flange section)

[0119] Initially, the flange sections 114, 116 associated
with the step (3) will be described. Figs. 8 and 9 are partial
cross-sectional views of the battery case 80 of Fig. 1,
when viewed from above. As shown in Figs. 8 and 9, the
case body 81 is configured such that the first flange sec-
tion 114 is oriented rearward and the second flange sec-
tion 116 is oriented forward. The first flange section 114
protrudes outward of the case from the rear end portion
of the first body section 113 and then is bent rearward,
thus having a substantially-L-shaped cross-section. In
other words, the first flange section 114 includes a first
outward protruding portion 121 which protrudes outward
of the case from the rear end portion of the first body
section 113, and a rearward protruding portion 122 which
protrudes rearward from the tip end of the first outward
protruding portion 121.
[0120] In other words, the first flange section 111 has
a cover portion extending from the first body section 113
in a direction different from forward in a driving direction
and beyond the parting line (or front end of the second
flange section 116). Preferably, the cover portion 122
extends rearward. However, the cover portion 122 may
extend in any direction except for forward.
[0121] The first case member 111 has an extending
portion 123 extending rearward from the rear edge of the
first body section 113. The extending portion 123 is par-
allel to the rearward protruding portion 122 of the first
flange section 114. Although in Figs. 8 and 9, only the
cross-section is shown, the extending portion 123 is pro-
vided with no discontinuity at the rear end portion of the
first body section 113 such that it has a U-shape when
viewed from rearward, as in the first flange section 114.
Thereby, there is formed an engagement groove 124 at
the rear end of the first case member 111, which is sur-
rounded by the first flange section 114 and the extending
portion 123. The engagement groove 124 opens rear-
ward and has a U-shape when viewed from rearward.
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[0122] The second flange section 116 protrudes out-
ward of the case from the front end portion of the second
body section 115 and then is bent forward. The second
flange section 116 includes a second outward protruding
portion 125 which protrudes outward of the case from
the front end portion of the second body section 115, and
a forward protruding portion 126 which protrudes forward
from the tip end of the second outward protruding portion
125. The tip end of the forward protruding portion 126 is
an engagement protrusion 127 fitted to the engagement
groove 124. The forward protruding portion 126 has a
thickened portion 128 which is provided rearward relative
to the engagement protrusion 127 and has a greater
thickness than the engagement protrusion 127 and the
second body section 115. The outer surface of the thick-
ened portion 128 is coplanar with the outer surface of the
engagement protrusion 127. Because of this, the inner
surface of the thickened portion 128 is located inward of
the case relative to the inner surface of the engagement
protrusion 127.
[0123] In the step (3), when the engagement protrusion
127 is received in the engagement groove 124, at least
a portion of the thickened portion 128 overlaps with the
rearward protruding portion 122 of the first flange section
113, in the thickness direction of the case. The rearward
protruding portion 122 is located outward of the case rel-
ative to the second flange section 115. Therefore, a clear-
ance 129 formed between the first flange section 113
and the second flange section 114 has a labyrinth shape.
Specifically, the clearance 129 includes a clearance 129a
extending in the forward or rearward direction, between
the inner surface of the rearward protruding portion 122
and the outer surface of the forward protruding portion
126, a clearance 129b formed forward relative to the en-
gagement protrusion 127, and a L-shaped clearance
129c formed between the inner surface of the forward
protruding portion 126 and the extending portion 123.
The front end of the clearance 129a opens to outside of
the battery case 80, while the inner end of the clearance
129c opens to inside of the battery case 80. The clear-
ance 129 is turned back at a right angle three times in a
range from the front end of the clearance 129a to the end
of the clearance 129c which is inward of the case.
[0124] Since the first flange section 113 is oriented
rearward, the front end of the clearance 129a is also ori-
ented rearward. Therefore, even when the two case
members 111, 112 are separably joined together to form
the case body 81, it becomes possible to suitably prevent
the rain water or the like from entering the clearance 129
formed in the location at which the two case members
111, 112 are separable from each other. Even if the rain
water or the like enters the clearance 129, it becomes
possible to suitably prevent the rain water or the like from
entering the battery case 80, because the clearance 129
has the labyrinth shape.
[0125] A seal 130 which is an elastic body made of
rubber or the like may be provided in advance in the clear-
ance 129b. The seal 130 may be crushed by the engage-

ment protrusion 127 and elastically deformed by a for-
ward pressing force, thereby sealing the clearance 129c
from the clearance 129a. The seal 130 is elastically de-
formed in the forward or rearward direction, i.e., direction
in which the bolts 133 are inserted. By maintaining the
elastically deformed state by the fastening member in
this way, the clearance is not formed between the case
members 111, 112. In this case, even when the rain water
or the like enters the clearance 129a, it becomes possible
to prevent the rain water or the like from entering the
interior of the battery case 80.
[0126] The engaged state between the first flange sec-
tion 114 and the second flange section 116 refers to a
state in which a portion of the first flange section 114 and
a portion of the second flange section 116, which portions
vertically overlap with each other, exist in the vicinity of
the parting line formed above the bottom surface, in the
case body 81 in the joined state, for example, a state in
which the convex portion is fitted into the recessed por-
tion. Since the thickness of the case in the vicinity of the
parting line is greater than the thickness of the remaining
portion in the case body 81 in the joined state, the stiff-
ness of the case for bearing the battery unit 80 (or the
battery assembly 79) from below can be improved. In
other words, the flange sections 114, 116 are preferably
formed with contact surfaces by which the flange sections
114, 116 are vertically in contact with each other, in a
position different from the parting line.
[0127] As described above, the two flange sections
114, 116 protrude outward of the case, from the first body
section 113 and the second body section 115, respec-
tively. In addition, the two flange sections 114, 116 are
engaged with each other so as to overlap with each other
in the thickness direction of case. Therefore, when the
battery case 80 is seen in a macroscopic manner, the
two flange sections 114, 116 serve as ribs with a great
thickness extending with no discontinuity above the left
side wall, the bottom wall and the right side wall, in the
center portion of the case body 81 in the forward or rear-
ward direction. This can improve the stiffness of the case
body 81. Especially, in the present embodiment, since
the first and second case members 111, 112 are sepa-
rable from each other in the forward or rearward direction,
the two flange sections 114, 116 serving as the ribs ex-
tend above the bottom surface. This allows the battery
case 80 made of a synthetic resin to stably bear the bat-
tery assembly 79 with a heavy weight. The two flange
sections 114, 116 constitute the parting line. Since the
parting line has a high strength, the stiffness of the case
body 81 can be improved even when the case body 81
is formed by joining the two case members 111, 112 to-
gether such that they are separable from each other.
[0128] In the case body 81 which is dividable, the first
flange section 114 located outward of the case may be
oriented in any direction other than forward, to suitably
prevent entry of the rain water or the like.
[0129] To merely improve the stiffness, it is sufficient
that the flange sections 114, 116 extend above the bot-
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tom wall. In this case, the case body 81 may be dividable
horizontally, including a component in the rightward or
leftward direction, or a component in the forward or rear-
ward direction and the component in the rightward or
leftward direction. In a case where the case body 81 is
dividable in the forward or rearward direction, entry of
the rain water or the like can be suitably prevented and
the stiffness can be improved.

(Case joining section)

[0130] Next, the case joining sections 117, 118 asso-
ciated with the step (3) and the step (4) will be described.
As shown in Fig. 8, the first case joining section 117 is
provided on the outer surface of the forward protruding
portion 126 of the first flange section 114.
[0131] The first case joining section 117 has a bot-
tomed cylinder shape which opens at its front end and is
closed at its rear end. The axis of the first case joining
section 117 is oriented in the forward or rearward direc-
tion in a location outward of the case relative to the first
body section 113. The first case joining section 117 con-
tains a metal-made nut 131. In this way, the first case
joining section 117 is a hexagon cap nut having the outer
surface made of a synthetic resin and a threaded inner
surface made of metal. The nut 131 may be manufac-
tured by insert-molding, or pressed-in after the first case
member 111 is molded. The second case joining section
118 is provided on the outer surface of the thickened
portion 128 of the second flange section 116. The second
case joining section 118 has a cylindrical shape which
opens at both ends. The axis of the second case joining
section 118 is oriented in the forward or rearward direc-
tion in a location outward of the case relative to the sec-
ond body section 115. The second case joining section
118 has an axial hole 132 which opens in the forward or
rearward direction.
[0132] In the step (3), concurrently with the engage-
ment between the two flange sections 114, 116, the front
surface of the first case joining section 117 contacts the
rear surface of the second case joining section 118, and
the axial hole 132 is communicated with the nut 131. In
the step (4), the bolt 133 is inserted into the axial hole
132 from behind the second case joining section 118 and
threadingly engaged with the nut 131. This allows the
two case members 111, 112 to be firmly joined together.
[0133] As described above, the two case joining sec-
tions 117, 118 are provided on the outer surface of the
battery case 80. In other words, the battery case 80 is
not provided with a through-hole for joining the two case
members 111, 112 together. This makes it possible to
prevent the rain water or the like from entering the battery
case 80. Furthermore, the axial hole 132 opens rearward.
This makes it possible to suitably prevent a situation in
which the head portion of the bolt 133 or the axial hole
132 is clogged with mud splashed by the wheels 2, 3
(see Fig. 1), and disassembling work of the battery case
80 becomes messy. The first case joining section 117

constitutes a hexagon cap nut closed at its front end.
Therefore, the nut 131 is not clogged with mud.
[0134] The case joining sections 117, 118 do not have
a through-hole in the thickness direction of the battery
case 80. In the battery case 80 provided with the case
joining sections 117, 118, a hole for communicating the
interior and exterior of the battery case 80 with each other
is not formed. In the present embodiment, as described
above, the nut 131 having the axis extending in the for-
ward or rearward direction outside the case is buried dur-
ing the molding of one of the case members (e.g., first
case member 111). The nut and the through-hole are
configured so that the center axis of the nut and the center
axis of the through-hole are aligned with each other when
the case members are engaged with each other. By en-
gaging the fastening member (bolt 133) inserted into the
through-hole 132, with the nut 131, the pair of case mem-
bers 111, 112 are fastened to each other in the forward
or rearward direction.
[0135] When the hole does not penetrate the nut 131,
the nut having the axis in the thickness direction of the
battery case 80 may be buried. In the above configuration
which is different from this, since the pair of case mem-
bers are separable from each other in the forward or rear-
ward direction, and the hole of the nut 131 extends in the
forward or rearward direction, it becomes possible to pre-
vent the interior of the battery case 80 from being com-
municated with the exterior of the battery case 80. Alter-
natively, the case joining sections 117, 118 may have
the through-holes extending in the forward or rearward
direction, respectively, the center axes of these through-
holes may be aligned with each other when the case
members 111, 112 are engaged with each other, and the
pair of case members 111, 112 may be fastened to each
other in the forward or rearward direction by the fastening
member inserted into the through-holes.

(Positioning section)

[0136] Next, positioning sections 140, 145 associated
with the step (1) and the step (3) will be described. As
shown in Fig. 6, the second case member 112 has a
positioning portion 141 protruding inward of the case,
from the inner wall in the insertion direction in the step
(1). In the present embodiment, the insertion direction is
the forward or rearward direction, and the second case
member 112 is movable forward relative to the battery
assembly 79 in the step (1). Because of this, the posi-
tioning portion 141 protrudes forward in a substantially
horizontal direction from the rear wall of the second body
section 115. By comparison, the intermediate plate por-
tion 71 of the battery frame 64 has in its rear surface an
open slit 142. The positioning portion 141 and the slit 142
constitute the positioning section 140 for positioning the
battery assembly 79 with respect to the second case
member 112.
[0137] The first case member 111 has a positioning
portion 146 protruding inward of the case, from the inner
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wall in the insertion direction in the step (3). In the present
embodiment, the insertion direction is the forward or rear-
ward direction, and the first case member 111 is movable
rearward relative to the battery assembly 79 in the step
(3). Because of this, the positioning portion 146 protrudes
rearward in a substantially horizontal direction from the
front wall of the first body section 113. By comparison,
the lower front cover portion 69 of the battery frame 64
has in its front surface an open slit 147. The positioning
portion 146 and the slit 147 constitute the positioning
section 145 for positioning the battery assembly 79 with
respect to the first case member 111.
[0138] The positioning portions 141, 146 are, for ex-
ample, metal plates, and are provided during molding of
the corresponding case members 111, 112, by insert-
molding. Fig. 6 is a side cross-sectional view, and there-
fore only one positioning section 140 is shown. However,
the plurality of positioning sections 140 may be provided
to be spaced apart from each other in the rightward or
leftward direction (direction orthogonal to the drawing
sheet of Fig. 6). The same applies to the positioning sec-
tions 145.
[0139] In the step (1), the second case member 112 is
moved in the insertion direction relative to the battery
assembly 79. When the rear portion of the battery as-
sembly 79 becomes close to the inner rear surface of the
second case member 112, the positioning portion 141 is
inserted into the slit 142. This allows the battery assembly
79 to be positioned with respect to the second case mem-
ber 112. Therefore, in the step (2), the second case mem-
ber 112 can be easily fastened to the battery assembly
79. In the step (3), the same occurs as follows. The first
case member 111 is moved in the insertion direction rel-
ative to the battery assembly 79. When the front portion
of the battery assembly 79 becomes close to the inner
front surface of the first case member 111, the positioning
portion 146 is inserted into the slit 147.
[0140] In a state in which the positioning portions 141,
146 are inserted into the corresponding slits 142, 147,
respectively, it is possible to suitably inhibit the battery
assembly 79 from being moved relatively in the vertical
direction and in the rightward or leftward direction. The
two positioning sections 140, 145 can cooperate to inhibit
the battery assembly 79 from being moved in the forward
or rearward direction with respect to the two case mem-
bers 111, 112. This makes it possible to inhibit the battery
assembly 79 from being displaced with respect to the
battery case 80 in the interior of the battery case 80. As
a result, a weight balance of the vehicle can be stabilized
during driving.
[0141] The positioning sections 140, 145 having the
above configuration are placed in the inner space of the
battery case 80. In a state in which the assembling of the
battery case 80 is completed, the positioning sections
140, 145 cannot be seen from outside. That is, the battery
case 80 is not provided with the through-hole for posi-
tioning the battery assembly 79 with respect to the two
case members 111, 112. This makes it possible to suit-

ably prevent the rain water or the like from entering the
battery case 80 while allowing the battery assembly 79
to be positioned with respect to the case members 111,
112.

(Battery fastening section)

[0142] Next, a battery fastening section 150 associat-
ed with the step (2) will be described. As shown in Fig.
6, the intermediate plate portion 71 of the battery frame
64 has a pair of right and left threaded holes 151 which
open outward in the rightward or leftward direction (In
Fig. 6, only the right threaded hole 151 is shown).
[0143] As shown in Fig. 9, the second case member
112 includes a pair of right and left brackets 152 (in Fig.
9, only the right bracket 152 is shown) for fastening the
second case member 112 to the battery assembly 79.
The brackets 152 are manufactured by bending the metal
plates and buried into the second case member 112 by
insert-molding during the molding of the second case
member 112. Each of the brackets 152 includes an in-
ward protruding portion 153 protruding inward of the case
from the thickened portion 128 of the second flange sec-
tion 116, and a mounting portion 154 which protrudes
forward from the tip end of the inward protruding portion
153 such that it is bent. The threaded holes 151 and the
brackets 152 constitute the battery fastening section 150
for fastening the battery assembly 79 to the battery case
80.
[0144] As described above, in the step (1), in a state
in which the battery assembly 79 is positioned with re-
spect to the second case member 112 by using the po-
sitioning section 140 (see Fig. 6), the inner surface of
each of the mounting portions 154 contacts the side sur-
face of the intermediate plate portion 71. A through-hole
155 formed in the mounting portion 154 is connected to
the threaded hole 151 which opens in the side surface
of the intermediate plate portion 71. In the step (2), a bolt
156 is inserted into the through-hole 155 from outside in
the rightward or leftward direction and threadingly en-
gaged with the threaded hole 151. This allows the second
case member 112 to be firmly fastened to the battery
assembly 79 via the brackets 152. Since the mounting
portion 154 protrudes forward farther than the front end
of the second flange section 116, fastening of the bolt
156 can be carried out easily.
[0145] As described above, the brackets 152 are pro-
vided on the second flange section 116 which contributes
to improvement of the strength of the battery case 80.
Since the battery assembly 79 is coupled to the second
flange section 116 via the brackets 152, the battery case
80 can stably support the battery assembly 79. In addi-
tion, it becomes possible to inhibit the battery assembly
79 from being displaced with respect to the battery case
80 in the interior of the battery case 80. As should be
understood from this, along with the positioning sections
140, 145 the battery fastening section 150 also serve as
the positioning section for inhibiting the battery assembly
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79 from being displaced. Especially, in the present em-
bodiment, since the brackets 152 are buried into the thick-
ened portion 128 of the second flange section 116, the
battery assembly 79 can be stably supported.
[0146] The battery fastening section 150 is placed in
the inner space of the battery case 80. In a state in which
the assembling of the battery case 80 is completed, the
battery fastening section 150 cannot be seen from out-
side. That is, the battery case 80 is not provided with the
through-hole for fastening the battery assembly 79 to the
battery case 80. This makes it possible to suitably prevent
the rain water or the like from entering the battery case
80 while allowing the battery assembly 79 to be firmly
fastened to the battery case.

(Mounting of battery case to vehicle body frame)

[0147] Hereinafter, a procedure for mounting the bat-
tery case 80 to the vehicle body frame 4 (especially down
frames 13) will be described. As shown in Fig. 6, there
are provided buffer members 161 between the bottom
plate portion 67 of the battery frame 64 and the inner
bottom surface of the case body 81. The buffer members
161 are made of, for example, rubber. The battery frame
64 has a higher elasticity than the battery case 80, of
course. The buffer members 161 may be fastened to the
battery case 80, or to the battery frame 64. In either case,
in a state in which the battery assembly 79 is stored in
the battery case 80, the buffer members 161 are in con-
tact with the battery frame 64 and the battery case 80.
In the present embodiment, eight buffer members 161 in
total are placed in right and left rows, and four buffer
members 161 on each row are arranged to be spaced
apart in the forward or rearward direction. In the side
cross-sectional view of Fig. 6, only the four buffer mem-
bers 161 (one row) are shown.
[0148] Fig. 10 is a bottom view of the down frames 13
and the battery case 80 of Fig. 1. The down frames 13
include a front horizontal frame member 13c coupled to
the lower end portions of the pair of right and left vertical
frame members 13a and a rear horizontal frame member
13d coupled to the pivot frames 14, and the horizontal
frame members 13c, 13d extend in the rightward or left-
ward direction. The front end portions of the pair of right
and left lower frame members 13b are welded to the front
horizontal frame member 13c, while the rear end portions
of the pair of right and left lower frame members 13b are
welded to the rear horizontal frame member 13d.
[0149] The distance between the pair of lower frame
members 13b in the rightward or leftward direction is
smaller than the distance between the pair of main frames
12 in the rightward or leftward direction. Because of this,
by inserting the battery case 80 into a space between
the pair of main frames 12 from above the main frames
12, the bottom portion of the battery case 80 is suitably
placed on the pair of lower frame members 13b.
[0150] Regarding the distance between the lower
frame members 13b in the rightward or leftward direction,

the distance between the rear end portions is smaller
than the distance between the front end portions. This
can make the layout of components in the vicinity of the
lower end portions of the pivot frames 14 compact in the
rightward or leftward direction. In the vicinity of the lower
end portions of the pivot frames 14, a shift pedal (not
shown) for a shifting operation, a brake pedal (not shown)
for a braking operation, and the like are placed. Because
of the compact layout of these components, the rider can
perform the shifting operation and the braking operation
without a need to stretch the rider’s feet to the right and
to the left.
[0151] To implement such a layout, the pair of lower
frame members 13b extend rearward from the front hor-
izontal frame member 13c such that they extend in par-
allel, are curved toward the center in the rightward or
leftward direction so as to reduce a distance between
them, and then extend rearward in parallel. With refer-
ence to Fig. 1, each of the lower frame members 13b is
bent to protrude downward in the vicinity of the flange
sections 114, 116 extending above the bottom wall of the
battery case 80 so that the bottom portion of the battery
case 80 is mountable on the lower frame member 13b
and interference between the lower frame member 13b
and the flange sections 114, 116 is avoided. With refer-
ence to Fig. 9, the pair of lower frame members 13b are
connected to each other via two connecting frames 13e,
13f extending in the rightward or leftward direction. These
two connecting frames 13e, 13f are placed such that the
flange sections 114, 116 are sandwiched between them
in the forward or rearward direction. This allows the lower
frame members 13b bent in the vertical direction and in
the rightward or leftward direction to have a high stiffness,
and hence to bear the battery case 80 with a heavy
weight.
[0152] The distance between the rear end portions of
the lower frame members 13b is smaller than the distance
between the front end portions of the lower frame mem-
bers 13b, while the width of the bottom portion of the
battery case 80 from the front end portion to the rear end
portion is substantially constant in the forward or rear-
ward direction. So, a stay 13g which is elongated in the
rightward or leftward direction is joined to the rear end
portions of the pair of lower frame members 13b. The
stay 13g is externally fitted to the right and left lower frame
members 13b. In this state, the stay 13g is welded to the
right and left lower frame members 13b and to the rear
connecting frame 13f. In this way, the stay 13g is inte-
grated with the down frames 13. The stay 13g having
such a structure can stably support the right and left ends
of the rear bottom portion of the battery case 80, even
though the distance between the rear end portions of the
lower frame members 13b is small.
[0153] The battery case 80 is supported on the upper
surfaces of the lower frame members 13b and the upper
surface of the stay 13g in the manner described above,
and then fastened to the down frames 13. To fasten the
battery case 80 to the down frames 13, a pair of right and
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left brackets 162 are welded to the front end portions of
the lower frame members 13b. Each of the brackets 162
includes a cylindrical portion 163 externally fitted to the
lower frame member 13b and a mounting portion 164
having a butterfly shape when viewed from above and
protruding in the rightward or leftward direction from the
cylindrical portion 163. The mounting portion 164 has a
bolt insertion hole 165 penetrating therethrough, into
which a bolt 168 (see Fig. 11) is inserted.
[0154] Fig. 11 is a partial cross-sectional view of the
down frames 13 and the battery case 80 of Fig. 10, when
viewed from forward. As shown in Fig. 11, the bottom
wall of the battery case 80 is provided with reinforcement
portions 166 in portions which the brackets 162 contact,
respectively. The reinforcement portions 166 are, for ex-
ample, metal plates. Since the brackets 162 are provided
at the front end portions of the lower frame members 13b,
respectively, the reinforcement portions 166 are provided
on the first case member 111 at a front side by insert-
molding during the molding of the first case member 111.
The reinforcement portions 166 have a higher vertical
strength, for example, strength to a compressive load
and a tensile load, than the remaining portion of the bat-
tery case 80 made of a synthetic resin. Threaded holes
167 open in the lower surfaces of the reinforcement por-
tions 166, respectively. On the other hand, the lower sur-
face of the battery case 80 is not provided with through-
holes including a threaded hole.
[0155] When the battery case 80 is inserted in a space
between the main frames 12, the lower surfaces of the
reinforcement portions 166 are brought into surface con-
tact with the upper surfaces of the brackets 162, respec-
tively. At this time, the bolt insertion holes 165 of the
brackets are aligned with the threaded holes 167 of the
reinforcement portions 166, respectively. Then, the bolts
168 are inserted into the bolt insertion holes 165, respec-
tively, from below, and threadingly engaged with the
threaded holes 167, respectively. This allows the battery
case 80 to be fastened to the down frames 13 and hence
firmly fastened to the vehicle body frame 4. Between each
of the down frames 13 and the corresponding reinforce-
ment portion 166, a spacer 169 made of metal is suitably
provided. By providing the spacer 169, the reinforcement
portion 166 can be supported properly on the down frame
13 via the spacer 169.
[0156] When the battery case 80 is mounted to the
down frames 13 as described above, the battery assem-
bly 79 is supported on the upper surfaces of the down
frames 13, and the battery case 80 is located between
the lower surface of the battery assembly 79 and the
upper surfaces of the down frames 13. Therefore, the
down frames 13 bear the weight of the battery assembly
79 from below. This can reduce a need for increasing a
stiffness of the battery case 80 to bear the load. As a
result, the material of the battery case 80 can be selected
more flexibly. For example, the battery case 80 which
can attain a reduced weight and insulativity can be man-
ufactured easily. In the present embodiment, a dedicated

component (i.e., battery frame 64) for fastening the bat-
tery modules 61 is provided, and a component (i.e., bat-
tery case 80) for storing the battery modules is separate
from the component for fastening the battery modules
61. As a result, the material of the battery case 80 can
be selected more flexibly.
[0157] The weight load of the battery assembly 79 is
exerted on the down frames 13 via the buffer members
161 which are in contact with the battery frame 64 and
the bottom portion of the battery case 80 which is in con-
tact with the buffer members 161. In the bottom portion
of the battery case 80, the weight load of the battery as-
sembly 79 is strongly exerted on a portion between a
portion which is in contact with the down frames 13 and
a portion which is in contact with the buffer members 161.
In the present embodiment, in a portion of the bottom
portion of the battery case 80, which is in contact with
the down frames 133, the reinforcement portions 166 are
provided. Since the portion on which the strong load is
exerted is especially reinforced, the strength of the entire
battery case 80 can be improved without a need to rein-
force the entire battery case 80.
[0158] The battery case 80 is fastened to the down
frames 134 via the reinforcement portions 166. Since the
battery case 80 is fastened to the down frames 134 by
utilizing the portions with a high strength, it can be firmly
fastened to the vehicle body frame 4. In addition, the
length of the shaft portion of the bolt 168 is smaller than
a sum of the axial length of the bolt insertion hole 165
and the axial length of the threaded hole 167. Therefore,
the bolt 168 does not penetrate the reinforcement portion
166 to the interior of the battery case 80. In other words,
the bottom portion of the battery case 80 is not provided
with a through-hole for joining the battery case 80 to the
down frames 13. This makes it possible to suitably pre-
vent the rain water or the like from entering the battery
case 80 while allowing the battery case 80 to be firmly
fastened to the vehicle body frame 4.
[0159] In addition, the elastic buffer members 161 are
placed between the battery assembly 79 and the battery
case 80. For example, during driving, the elastic buffer
members 161 are able to absorb the impact exerted on
the battery unit 60 by the wheels 2, 3 (see Fig. 1). This
makes it possible to mitigate the impact exerted on the
battery case and inhibit a vibration of the battery assem-
bly 79.
[0160] With reference to Figs. 10 and 11, the eight elas-
tic buffer members 161 in total are placed so as to overlap
with the down frames 13 when viewed from above. The
four buffer members 161 on a left row are placed so as
to substantially overlap with the left lower frame member
13b, while the four buffer members 161 on a right row
are placed so as to substantially overlap with the right
lower frame member 13b. Among the buffer members
161, the buffer members 161 located at a rearmost side
do not overlap with the lower frame members 13b but
overlap with the stay 13g integrated with the down frames
13 when viewed from above.
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[0161] If the buffer members 161 are distant from the
down frames 13 when viewed from above, the weight
load of the battery assembly 79 which is exerted on the
buffer members 161, is received by the down frames 13
which are distant when viewed from above. This causes
a shear force to be exerted on a portion of the battery
case 80 which is between the buffer members 161 and
the down frames 13. In the present embodiment, the
weight load of the battery assembly 79 which is exerted
on the buffer members 161, is linearly exerted on the
down frames 13 from above. Thereby, the load exerted
on the portion of the battery case 80 which is between
the buffer members 161 and the down frames 13 is pri-
marily a compressive load, and the shear force exerted
on the portion of the battery case 80 is mitigated. The
synthetic resin has relatively high endurance to the com-
pressive load and relatively low endurance to the shear
load. In the present embodiment, since the shear force
exerted on the battery case 80 is mitigated, the weight
of the battery case 80 can be reduced, and the life of the
battery case 80 can be extended, by molding the battery
case 80 using the synthetic resin. As should be under-
stood, the stay 13g not only stably supports the rear bot-
tom portion of the battery case 80 but also contributes to
a reduction of the shear force exerted on the battery case
80. What is needed to achieve this advantage is to place
the buffer members 161 such that they overlap with the
down frames 13 when viewed from above. Therefore,
instead of arranging the plurality of small buffer members
161 such that they are apart from each other in the for-
ward or rearward direction, the buffer members 161
which are elongated in the forward or rearward direction
may be placed.
[0162] Fig. 12 is a partial cross-sectional view of the
down frame 13 and the battery case 80 according to a
modified example, when viewed from forward. Fig. 13 is
a partial cross-sectional view of the down frame and the
battery case according to another modified example,
when viewed from forward. In the modified example of
Fig. 12, a bracket 262 includes a first bracket member at
a right side and a second bracket member at a left side
which are joined together. The first bracket member and
the second bracket member are separable from each
other in the rightward or leftward direction. The bracket
262 is formed by fastening these bracket members to
each other by a bolt 270. The first bracket member in-
cludes a semi-cylindrical portion 263A covering the right
portion of the down frame 13, and a mounting portion
264A protruding to the right from the upper end portion
of the semi-cylindrical portion 263A. The second bracket
member includes a semi-cylindrical portion 264B cover-
ing the left portion of the down frame 13, and a mounting
portion 264B protruding to the left from the left upper end
portion of the semi-cylindrical portion 263B. Bolt insertion
holes 265A, 265B penetrate the mounting portions 264A,
264B, respectively. The two semi-cylindrical portions
263A, 263B are joined at their lower end portions to each
other in the rightward or leftward direction. A bolt 270 is

inserted into the lower end portions of the two semi-cy-
lindrical portions 263A, 263B in the rightward or leftward
direction. As in the above described embodiment, the
bracket 262 can be fastened to the reinforcement portion
166 by inserting a bolt 268 into the bolt insertion holes
264A, 265B from below and threadingly engaging the
bolt 268 with the bolt insertion hole 167. As in the above
described embodiment, in the present modified example,
a spacer may be interposed between the reinforcement
portion and the down frame. As shown in Fig. 13, the
bracket 262 may have a cantilever structure in which only
the second bracket member is fastened to the reinforce-
ment portion.
[0163] Hereinafter, the embodiment of the present in-
vention will be complementally described and modified
examples will be described while repeating part of the
description of the above components.
[0164] The present invention is not limited to the mo-
torcycle, but is applicable to any vehicle so long as it is
a straddle electric vehicle or an electric vehicle including
a bar-type handle. Especially, the present invention is
suitably applicable to a vehicle in which at least a portion
of a battery case is exposed to outside of the vehicle.
The present invention is not limited to a vehicle which
does not include an internal combustion engine, but is
suitably applicable to a hybrid vehicle in which a prime
mover includes an electric motor and an internal com-
bustion engine. Furthermore, the present invention is ap-
plicable to any vehicle incorporating a battery. Moreover,
the battery cells may be a lithium ion battery, a nickel
metal hydride, or a fuel cell.
[0165] The battery case has a portion which faces the
ground surface in the vertical direction. The battery case
is placed between the front wheel and the rear wheel.
Water splash and the like from the wheels and the ground
surface tend to adhere to the case. However, with the
configuration of the present invention, entry of liquid into
the case can be prevented. Since the entry of water from
below into the case can be suitably prevented, the battery
case may be placed in a lowest possible location and
close to the ground surface. This can lower a center of
gravity.
[0166] Preferably, the vehicle components such as the
motor case and the inverter case are placed in a location
below the parting line of the bottom surface of the case,
more preferably in a forward location below the parting
line of the bottom surface of the case. This makes it pos-
sible to prevent liquid scattered from the load surface or
from forward from approaching a region in the vicinity of
the parting line.
[0167] The battery unit 60 is supported on the bottom
surface of the battery case 80. Specifically, the battery
modules 61 are supported by the battery frame 64 placed
under the battery case 80. The weight of the battery mod-
ules 61 is transferred to the battery frame 64 and the
bottom surface of the battery case 80 in this order. Since
the lid member 84 is attached on the upper surface of
the battery case 80, the parting line is not exposed on
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the upper surface of the battery case 80. As described
above, the rain water is less likely to be accumulated on
the flat upper surface of the lid member 84. If the rain
water is accumulated on the upper surface of the battery
case 80, the entry of the rain water through a clearance
of the parting line can be prevented.
[0168] The battery frame for integrating the battery
modules, and the battery case for shielding the battery
modules from an outside space are separate compo-
nents. Since the component for integration and the com-
ponent for sealing are implemented by different compo-
nents, the battery frame is allowed to have a non-sealed
shape like the frame shape and therefore have a reduced
weight. The battery case may be made of a material
which is lower in strength than the battery frame. Thus,
an undesired increase in a stiffness can be avoided, and
a reduced weight of the battery case can be achieved.
Furthermore, the battery modules integrated by the bat-
tery frame are stored into the battery case easily while
reducing a gap between the battery modules and the
battery case.
[0169] The air-intake duct extends upward in a rear-
ward direction and is connected to the battery case, at a
portion connected to the battery case. This makes it pos-
sible to prevent the water droplets adhering to the interior
and exterior of the air-intake duct from entering the bat-
tery case. A water drain hole may be formed in the low-
ermost portion of the air-intake duct. This can further re-
duce the water droplets entering the battery case through
the air-intake duct.
[0170] The battery case may be made of a composite
material such as fiber-reinforced plastic containing a ma-
terial for improving a stiffness, instead of the synthetic
resin. The battery case may have a structure in which
the lid is omitted, and may be constructed by separably
joining, for example, two cup-like case members. In this
case, the body section of the first case member has, in
a state in which the battery case is incorporated into the
vehicle, a bottom surface portion, front, left and right side
surface portions extending upward from the bottom sur-
face portion such that they are bent, and an upper surface
portion, and opens rearward. The body section of the
second case member has, in a state in which the battery
case is incorporated into the vehicle, a bottom surface
portion, rear, left and right side surface portions extend-
ing upward from the bottom surface portion such that
they are bent, and an upper surface portion, and opens
forward.
[0171] The case body 81 may be dividable in the for-
ward or rearward direction, or in the rightward or leftward
direction. The bottom wall preferably has the parting line
which may extend such that it is inclined in the forward
or rearward direction, in the rightward or leftward direc-
tion or in the vertical direction with respect to at least one
surface in which the parting line is formed. To prevent
entry of the rain water, preferably, the separation is not
formed in the front surface. In many straddle vehicles, a
vertical dimension and a dimension in the forward or rear-

ward direction are set greater than a dimension in a ve-
hicle width direction. To realize an increase in a battery
capacity under the circumstances, a vertical dimension
and a dimension in the forward or rearward direction of
the battery case 80 are also set greater than a dimension
in the vehicle width direction. In this case, if the battery
case 80 is dividable into front and rear sections rather
than right and left sections and upper and lower sections,
the whole length of the parting line becomes small, and
thus a possibility of the entry of rain water can be reduced.
[0172] The case body 81 may be dividable vertically
instead of horizontally. In this case, it becomes possible
to prevent rain water dropping from above from entering
the case. In this case, one of the two flanges may protrude
outward of the case farther than the other, and may be
oriented in a direction different from upward. In a case
where the case body 81 is dividable horizontally, the outer
surface of the battery unit 60 can be made close to the
inner surface of the case according to vertical uneveness
of the outer shape, even when the outer shape of the
battery unit 60 is made vertically uneven. For example,
in a case where a vertically intermediate portion of the
battery unit has a plurality of recesses and the case is
vertically dividable into upper and lower sections, a gap
tends to be formed between the outer surface of the re-
cess and the inner surface of the case, and hence the
case tends be increased in size. In the case of the case
body which is horizontally dividable, the battery case may
be formed to have recesses corresponding to the recess-
es of the battery unit, and an increase in the size of the
case can be avoided.
[0173] The flange section and the down frame are
placed with a gap between them, and a portion of the
down frame is displaced downward to prevent interfer-
ence between the flange section and the down frame.
This makes it possible to prevent a stress from concen-
trating on the flange section.
[0174] Support portions are placed at front and rear
sides with the flange sections interposed between them.
The battery case can be stably supported at the front and
rear sides. Since the battery frame extends along the
frames when viewed from above and has a portion ex-
tending over the front and rear buffer members in a state
in which the battery frame is incorporated into the vehicle,
it can transfer the weight of the battery modules above
the flange sections to the buffer members at front and
rear sides, which can prevent the load from being applied
to the flange section. The buffer members may be fas-
tened to the lower surface of the bottom portion of the
frame or to the upper surface of the bottom portion of the
case.
[0175] The down frames 13 may be removably mount-
ed to the main frames 12. For example, the down frames
13 may be inserted into a space between the pair of main
frames 12 together with the battery case 80.
[0176] The battery case may be placed between the
front and rear wheels, and forward relative to the seat.
The rear portion of the battery case is smaller in dimen-
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sion in the right and leftward direction than the front por-
tion of the battery case. Also, the upper portion of the
battery case is smaller in dimension in the right and left-
ward direction than the lower portion of the battery case.
In the above described embodiment, the rear upper por-
tion of the battery case is smaller in dimension in the right
and leftward direction than a portion in the vicinity of the
rear upper portion. This allows the battery case to be
directly or indirectly retained by the knees of the rider
straddling the vehicle body. As a result, a storage region
in the interior of the battery case can be increased as
much as possible, and hence the capacity of the battery
in the interior of the battery case can be increased, while
allowing the vehicle body to be retained easily by the
rider.
[0177] The vehicle body includes a stand which allows
the vehicle body to stand for itself in a state in which the
vehicle body is inclined at one side in the right and left-
ward direction during a stopped state of the vehicle. The
battery case may be provided with a water drain hole in
a portion which is in a lowest position in the state in which
the vehicle body is standing for itself such that it is in-
clined. For example, in a case where the stand is provided
at a left side, the water drain hole is provided in the left
end portion of the bottom portion of the battery case to
discharge water or water droplets from the interior of the
case. The water drain hole may have a labyrinth shape
or may be attached with a cap which can open and close
the water drain hole. With this structure, entry of the water
into the case through the water drain hole can be pre-
vented.
[0178] Regarding the electric wires extending from the
battery case to the inverter, the wire harness 74 extend-
ing from the battery case and connected to the inverter
is provided with an insulative protection cover covering
the electric wires. In at least a region in the vicinity of the
rider straddling the vehicle body, the wire harness ex-
tends in a space between the protection cover and the
battery case. In the present embodiment, the protection
cover is placed in at least a region in the vicinity of the
rider’s knees. The protection covers are placed at right
and left sides. The distance between the right and left
protection covers, corresponding to the rear upper por-
tion, is set smaller than the distance between the right
and left protection covers, corresponding to the remain-
ing portion. This allows the cover to be retained by the
knees of the rider straddling the vehicle body, and hence
the vehicle body to be easily retained by the rider. The
rear surface of the protection cover and the rear surface
of the air discharge duct are coplanar with each other in
a location rearward relative to the battery case in the
rightward or leftward direction, and the seat is placed
rearward relative to and below the rear surface of the
protection cover and the rear surface of the air discharge
duct. This allows the rear surface of the protection cover
and the rear surface of the air discharge duct to serve as
a wall for inhibiting the rider straddling the seat from being
displaced forward. In addition, by making the rear surface

of the protection cover and the rear surface of the air
discharge duct coplanar with each other, the duct can be
increased in size, and the battery can be cooled more
effectively.
[0179] Although in the above described embodiment,
the storage section for storing the ECU is provided out-
side of the battery case, it may be provided inside of the
battery case. This makes it possible to prevent the ECU
from being detached undesirably. Thus, an anti-theft
function can be improved. Or, in a case where an ECU
for controlling the motor and an ECU for controlling the
battery are separate components, a balance of the vehi-
cle body in the rightward or leftward direction can be im-
proved by placing the ECUs at right and left sides of the
battery case. Or, the ECU for controlling the battery may
be placed inside of the case and the ECU for controlling
the motor may be placed outside of the battery. In this
case, the ECU inside of the battery case preferably con-
tains a control program for inhibiting the vehicle body
from moving unless a correct key is used.
[0180] In a case where a fastening member (e.g., bolt
133) for fastening the case members of the battery case
is used, at least the surface of the fastening member is
preferably made of an insulating material. In the present
embodiment, the fastening member for fastening the lid
member provided at the upper portion of the battery case
is made of an insulating material. This can reduce a pos-
sibility that a short circuit of an electric circuit is formed
inside of the case even if the fastening member falls down
into the case.
[0181] The air inlet 111 of the battery case may be
provided with an air filter. This makes it possible to pre-
vent ingress of foreign matters into the case. The air-
intake duct extends from a front cowling (not shown) and
is connected to the battery case through one side in the
rightward or leftward direction relative to the heat pipe.
The electric wires used to transmit signals and electric
power to meters and the like extend through the other
side in the rightward or leftward direction relative to the
head pipe. Since the duct is placed at the side different
from the side where the electric wires are placed, easy
routing of the duct can be implemented.
[0182] Cleaned air in the interior of the case may be
guided to the inverter to cool the inverter. Especially, by
flowing the air along the board surface of the inverter,
rust of the board surface can be prevented. For example,
by using a liquid cooling medium for cooling IGBT ele-
ments, or a gaseous cooling medium for cooling the
board surface of the inverter, the cooling of the inverter
can be promoted.
[0183] Since the DC/DC converter is stored in the case,
the converter which is a high-voltage device is not ex-
posed to outside. In the same manner, the DC/DC con-
verter relay, the charging relay, the main relay, etc., are
placed in the interior of the case.
[0184] The motor is placed below the battery support
frame and the battery support frame supports the motor.
A portion or front portion of the down frame serving as
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the support frame for supporting the battery may be re-
movably joined to the remaining portion of the vehicle
body frame 4.
[0185] The lower portion of the battery support frame
is removably attached to the remaining portion of the bat-
tery support frame by the fastening member. In a state
in which the lower portion of the battery frame, the battery
case and the battery are unitarily fastened to each other,
the remaining frame members are placed from above. In
other words, the battery case is inserted from below the
remaining frame members. In this state, the battery frame
is lifted by a hook, and the remaining frame members
and the frame are connected to each other, thereby al-
lowing the battery to be supported on the vehicle body
frame.
[0186] Since the lower portion of the battery frame, the
battery case and the battery are unitarily fastened to each
other, the lower portion of the frame can bear the weight
of the battery even in an upper body detached from the
remaining frame members. Therefore, it is not necessary
to increase a stiffness of the frames in excess.
[0187] Furthermore, an air guide path leading to the
case may be formed within the support frame. The sus-
pending member for supporting the battery frame may
be removably mounted to the battery frame. The sus-
pending member may be mounted to the battery frame
during maintenance and may be detached from the bat-
tery frame when the battery case is mounted to the ve-
hicle body.

Industrial Applicability

[0188] The present invention has advantages that the
electric components can be protected from outside en-
vironment, and it becomes possible to suppress heat ra-
diated from the electric components from affecting the
components such as the battery, and is effectively ap-
plied to straddle electric vehicles, especially large electric
motorcycles which are able to generate great driving
power.

Reference Signs List

[0189]

1 electric motorcycle
2 front wheel
3 rear wheel
4 vehicle body frame
5 electric motor
11 head pipe
12 main frame
13 down frame
19 inverter case
20 inverter
21 air-intake duct
22 air discharge duct
30 inside electric component

31 high-voltage electric wire
40 service plug
45 DC/DC converter
49 charging connector
55 exhaust fan
56 indoor fan
57 fan controller
58 battery monitoring unit
59 vehicle control unit
60 battery unit
61 battery module
62 battery cell
64 battery frame
74 wire harness
75 bus bar
76 metal plate member
79 battery assembly
80 battery case
81 case body
82 opening
83 upper lid
101 air inlet
102 air outlet
104 air space

Claims

1. A straddle electric vehicle comprising:

a battery case for storing a battery unit;
an inverter for converting DC power stored in
the battery unit into AC power;
a plurality of electric components connected to
the battery unit and the inverter; and
an electric motor for generating driving power
for rotating a drive wheel, by the AC power gen-
erated by conversion in the inverter;
wherein the plurality of electric components are
stored in the battery case such that the electric
components are placed above the battery unit.

2. The straddle electric vehicle according to claim 1,
wherein the battery unit includes a plurality of battery
modules each including a plurality of battery cells,
and a battery frame for fastening the plurality of bat-
tery modules; and
wherein the plurality of electric components are
placed on an upper surface of the battery unit.

3. The straddle electric vehicle according to claim 1 or
2,
wherein the battery case includes an air inlet provid-
ed in a front portion thereof to introduce air from out-
side into the battery case therethrough, and an air
outlet provided in a rear portion thereof to discharge
the air from inside of the battery case to outside; and
wherein the plurality of electric components are
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stored in the battery case and placed between the
air inlet and the air outlet in a forward or rearward
direction.

4. The straddle electric vehicle according to claim 3,
wherein at least one of the air inlet and the air outlet
is provided in an upper portion of the battery case.

5. The straddle electric vehicle according to claim 3 or
4,
wherein an air space which is surrounded by an inner
surface of the battery case, a surface of the battery
unit and surfaces of the electric components is
formed in the front portion of the battery case, and
the air inlet opens in the air space.

6. The straddle electric vehicle according to any one of
claims 3 to 5, further comprising:

a DC/DC converter for converting an electric po-
tential of the DC power stored in the battery unit;
wherein the DC/DC converter is mounted to a
front surface of the battery unit such that the
DC/DC converter faces the air inlet.

7. The straddle electric vehicle according to any one of
claims 3 to 6, further comprising:

an exhaust fan attached to the air outlet.

8. The straddle electric vehicle according to claim 7,
wherein the exhaust fan rotates by itself when the
straddle electric vehicle is driving and is controlled
to rotate when the straddle electric vehicle is tempo-
rarily stopped.

9. The straddle electric vehicle according to any one of
claims 3 to 8, further comprising:

an inverter case for storing the inverter; and
an air discharge duct connected to the air outlet;
wherein an inner space of the battery case is in
communication with an inner space of the invert-
er case via the air discharge duct.

10. The straddle electric vehicle according to any one of
claims 1 to 9, further comprising:

a metal plate member placed to extend a surface
of the battery unit and surfaces of the electric
components;
wherein the metal plate member electrically con-
nects the battery unit to the electric components,
and electrically connects the electric compo-
nents to each other.

11. The straddle electric vehicle according to any one of
claims 1 to 10,

wherein the battery case includes a box-like body
having an opening in an upper portion thereof, and
a lid member attached to the body to close the open-
ing; and
wherein the plurality of electric components are
placed such that the electric components overlap
with the lid member when viewed from above.

12. The straddle electric vehicle according to claim 11,
wherein the plurality of electric components include
a service plug which is manually operated to perform
switching between a power supply state in which the
electric power is supplied from the battery unit to a
power load and a cut-off state in which the electric
power is inhibited from being supplied from the bat-
tery unit to the power load; and
wherein the service plug is placed such that the serv-
ice plug overlaps with the lid member.

13. The straddle electric vehicle according to claim 11
or 12,
wherein the plurality of electric components include
a charging connector which is connectable to an
electric power supply for charging the battery; and
wherein the charging connector is placed such that
the charging connector overlaps with the lid member
when viewed from above.

14. The straddle electric vehicle according to any one of
claims 1 to 13, further comprising:

a vehicle body frame including a head pipe sup-
porting a steering shaft such that the steering
shaft is rotatable, and a pair of right and left main
frames extending substantially rearward from
the head pipe; and
a DC/DC converter for converting an electric po-
tential of DC power stored in the battery unit;
wherein the battery unit includes a plurality of
battery modules each including a plurality of bat-
tery cells, and a battery frame for fastening the
plurality of battery modules;
wherein the plurality of electric components are
stored in the battery case together with the bat-
tery unit; and
wherein the battery case is placed between the
pair of right and left main frames such that the
battery case does not overlap with the main
frames when viewed from above.
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