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(54) Frame structure for use in truck-type electric vehicle

(57) A frame structure for use in a truck-type or pick-
up-type electric vehicle having a drive motor and a drive
battery configured to supply electric power to the drive
motor, includes: a frame including first and second side
members extending in a front-rear direction of a vehicle
body; first and second sub-frames respectively disposed
on the first and second side members; and cross mem-

bers provided between the first and second sub-frames
and extending in a widthwise direction of the vehicle
body. The drive battery is disposed between a first side-
frame structural body including the first side member and
the first sub-frame, and a second side-frame structural
body including the second side member and the second
sub-frame.
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Description

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application is based upon and claims the
benefit of priority from prior Japanese patent application
No. 2012-216915, filed on September 28, 2012, the en-
tire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] The present invention relates to a frame struc-
ture to be applied to a truck-type (or pickup-type) electric
vehicle equipped with a drive motor and a drive battery.
[0003] A truck-type (or pickup-type) electric vehicle
having a loading platform is equipped with a frame serv-
ing as the framework of the vehicle body thereof, a cabin
formed above and on the front side of the frame, a loading
platform mounted behind the cabin, a drive motor, a drive
battery, and the like. The frame includes a pair of left and
right side members extending in the front-rear direction
of the vehicle body, cross members extending in the
widthwise direction of the vehicle body, and the like. The
drive battery serving as the power source for the drive
motor becomes large in size and heavy in weight to se-
curely provide a predetermined running distance. In the
case that such a drive battery is mounted on the truck-
type electric vehicle, it has been conceived that the drive
battery is disposed along the side members of the vehicle
body frame and the drive battery is supported by the side
members as described in FIG. 4 of JP-A-2001-97048 and
in JP-A-2002-316540, for example.
[0004] In the case of a truck-type electric vehicle hav-
ing a loading platform, different from a passenger car
type vehicle having no loading platform, the side mem-
bers thereof provided below the loading platform are usu-
ally exposed to the sides of the vehicle body. Hence, in
the case that a drive battery is disposed along the side
members, the drive battery is exposed from, for example,
the clearance between the loading platform and the side
members, as viewed from the outside of the vehicle body.
As a result, electromagnetic waves emitted from the drive
battery, an electromagnetic wave generation source,
may leak directly around the vehicle and may cause elec-
tromagnetic interference. Furthermore, the high-voltage
cable electrically connected to the drive battery may be
exposed to the outside of the side members. Moreover,
the drive battery is liable to be splashed with water during
vehicle running in rainy weather and at the time of vehicle
running in a puddle, for example, and it cannot deny the
possibility that the splashed water may enter the inside
of the drive battery.
[0005] For the purpose solving these problems, a
countermeasure, such as using a protection cover to cov-
er the drive battery, is required. However, such a coun-
termeasure may lead to increase in the size and cost of
the entire battery unit. Furthermore, in the case that the

drive battery is supported by the frame (for example, the
side members), the rigidity of the frame is required to be
enhanced to cope with deformations, such as bending
and distortion, occurring in the frame during vehicle run-
ning, for example. Moreover, it is further necessary to
adopt some kind of reinforcing structure to suppress the
drive battery from being broken at the time of a collision
or the like.

SUMMARY

[0006] It is therefore an object of the invention to pro-
vide a frame structure for use in a truck-type (or pickup-
type) electric vehicle capable of solving the problems en-
countered in the case that a drive battery is mounted on
the frame of the vehicle.
[0007] In order to achieve the object, according to the
invention, there is provided a frame structure for use in
a truck-type or pickup-type electric vehicle having a drive
motor and a drive battery configured to supply electric
power to the drive motor, the frame structure comprising:
a frame including first and second side members extend-
ing in a front-rear direction of a vehicle body; first and
second sub-frames respectively disposed on the first and
second side members; and cross members provided be-
tween the first and second sub-frames and extending in
a widthwise direction of the vehicle body, characterized
in that the drive battery is disposed between a first side-
frame structural body including the first side member and
the first sub-frame, and a second side-frame structural
body including the second side member and the second
sub-frame.
[0008] Each of the first and second side members may
have a hat-shaped cross section. Each of the first and
second sub-frames may have an inverted hat-shaped
cross section. Side member covers may be respectively
provided between the first side member and the first sub-
frame, and between the second side member and the
second sub-frame. A flange of the first side member, a
flange of the first sub-frame and the side member cover
may be joined, and a flange of the second side member,
a flange of the second sub-frame and the side member
cover may be joined so that each of the first and second
side-frame structural bodies has a first closed cross-sec-
tion and a second closed cross-section.
[0009] One end section of one of the cross members
may be inserted into a hole in the first sub-frame and is
welded to the first sub-frame, and the other end section
of the one of the cross members may be inserted into a
hole in the second sub-frame and is welded to the second
sub-frame.
[0010] A bent section protruding upward may be
formed at a longitudinally central section of each of the
cross members, and a bracket for supporting a part of a
loading platform of the vehicle may be provided at the
bent section.
[0011] Side-member extension members may be re-
spectively provided on the first and second side members
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on rear sides of the first and second sub-frames.
[0012] One end section of one of the cross members
may be inserted into a hole in the first sub-frame and may
be welded to the first sub-frame.
[0013] A section where a loading platform is placed
may be provided at each of the cross members.
[0014] According to an aspect of the invention, since
the side-frame structural bodies having high strength can
be provided on both sides of the drive battery in the truck-
type electric vehicle, the drive battery can be protected
against collision loads, for example. In addition, water
splashed to the vehicle body can be prevented from en-
tering the inside of the drive battery by the side-frame
structural bodies, and electromagnetic waves emitted
from the drive battery can also be suppressed from being
radiated to the outside from the side sections of the ve-
hicle body by the side-frame structural bodies. Further-
more, an electric cable or the like connected to the drive
battery can be avoided from being exposed to the outside
of the vehicle body by the side-frame structural bodies.
Hence, it is possible to solve problems that would occur
in the case that the drive battery is mounted on the frame.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a side view showing a truck-type (or pickup-
type) electric vehicle according to an embodiment;
FIG. 2 is a bottom view showing the truck-type elec-
tric vehicle shown in FIG. 1;
FIG. 3 is a perspective view showing a part of the
truck-type electric vehicle shown in FIG. 1, the load-
ing platform thereof being removed;
FIG. 4 is a cross-sectional view showing a part of
the truck-type electric vehicle shown in FIG. 1, taken
in the widthwise direction of the vehicle body thereof;
FIG. 5 is a perspective view showing the side mem-
bers and the sub-frame unit of the truck-type electric
vehicle shown in FIG. 1;
FIG. 6 is an exploded perspective view showing a
part of the truck-type electric vehicle shown in FIG.
1; and
FIG. 7 is an enlarged cross-sectional view in the vi-
cinity of a side-frame structural body shown in FIG. 4.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0016] An embodiment according to the present inven-
tion will be described below referring to FIGS. 1 to 7.
[0017] FIG. 1 is a side view showing an example of a
truck-type (or pickup-type) electric vehicle 10, and FIG.
2 is a bottom view showing the truck-type electric vehicle
10. The truck-type electric vehicle 10 is equipped with a
frame (vehicle body frame) 12 serving as the framework
of a vehicle body 11, a cabin 13 formed above and on
the front side of the frame 12, a loading platform 14 pro-

vided behind the cabin 13, a drive motor 15, a transmis-
sion 16, a drive battery 17 serving as the power source
for the drive motor 15, a charger 20, a charging connector
box 21, a 12-volt battery 22 serving as the power source
for vehicle-mounted electrical parts, and the like. A seat
25 on which an occupant sits is disposed inside the cabin
13.
[0018] As shown in FIGS. 1 and 2, the drive battery 17
is disposed between a pair of left and right side members
31 and 32 so as to extend from the lower side of a floor
panel 26 positioned under the seat 25 inside the cabin
13 to the lower side and the front half section of the load-
ing platform 14.
[0019] FIG. 3 is a perspective view showing a part of
the vehicle body 11 and the loading platform, and FIG.
4 is a cross-sectional view taken in the widthwise direc-
tion of the vehicle 10. FIG. 5 is a perspective view showing
the frame 12. The frame 12 constituting a part of the
vehicle body 11 includes the pair of left and right side
members 31 and 32 extending in the front-rear direction
of the vehicle body 11, a sub-frame unit 40 provided on
the side members 31 and 32, cross members 41 and 42
provided between the side members 31 and 32 behind
the sub-frame unit 40, and the like. The cross members
41 and 42 extend in the widthwise direction of the vehicle
body 11 and are secured to the predetermined positions
of the side members 31 and 32 by welding. In this spec-
ification, one of the pair of side members 31 and 32 is
sometimes referred to as a first side member 31 and the
other is sometimes referred to as a second side member
32, for convenience of description. The sub-frame unit
40 is disposed above the drive battery 17. The sub-frame
unit 40 will be described later in detail.
[0020] As shown in FIG. 3, the loading platform 14 in-
cludes a floor member 50 on which loads are placed,
gate plates 51, 52 and 53 provided on both side sections
and the rear section of the floor member 50, cross sill
members 54 (shown in FIGS. 4 and 6) provided on the
lower face of the floor member 50, and the like. The cross
sill members 54 extend in the widthwise direction of the
vehicle body 11. On the floor member 50 made of a steel
plate, a plurality of bead-like reinforcing sections 55 for
enhancing rigidity are formed along the front-rear direc-
tion of the vehicle body 11, for example. Furthermore, an
opening 56 that can be used as an inspection window is
formed in the floor member 50. The opening 56 is covered
with a removable lid 57.
[0021] As shown in FIG. 4, the drive battery 17 includes
a battery case 60 and battery modules 61 disposed inside
the battery case 60. An example of the battery module
61 is formed of a plurality of lithium-ion battery cells con-
nected in series. A duct section 62 through which cooling
air flows is formed on the upper face side of the battery
case 60. An electromagnetic shield member 63 is dis-
posed on the lower face side of the drive battery 17. An
under cover 64 is provided under the electromagnetic
shield member 63. Although the electromagnetic shield
member 63 shown in FIG. 4 is formed so as to be sepa-
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rated from the under cover 64, an electromagnetic shield
member made of a metal mesh or the like may be pro-
vided inside the under cover 64 or on the upper face of
the under cover 64 so as to be integrated with the under
cover 64.
[0022] A plurality of beam members 71, 72 and 73
(shown in FIG. 2) are provided on the lower face side of
the battery case 60. The beam members 71, 72 and 73
are made of a metallic material (for example, steel) hav-
ing strength sufficient to support the weight of the drive
battery 17. The drive battery 17 is supported to the side
of the frame 12 formed of the side members 31 and 32
or the like, by the beam members 71, 72 and 73.
[0023] The sub-frame unit 40 is provided on the side
members 31 and 32. The sub-frame unit 40 is disposed
above the drive battery 17. Furthermore, the sub-frame
unit 40 includes a first sub-frame 81 to be disposed on
the first side member 31, a second sub-frame 82 to be
disposed on the second side member 32, and cross
members 83 and 84 disposed between these sub-frames
81 and 82 and extending in the widthwise direction of the
vehicle body 11, and the like.
[0024] The cross members 83 and 84 are each formed
of a so-called round pipe having a circular shape in its
radial cross-section. Bent sections 83a and 84a, each
having an upward convex shape, are formed at the lon-
gitudinally central sections of the respective cross mem-
bers 83 and 84. At these bent sections 83a and 84a,
brackets 85 and 86 are provided at a height capable of
supporting the loading platform 14.
[0025] FIG. 6 is an exploded perspective view showing
a part of the frame 12 and a part of the loading platform
14, and FIG. 7 is a part of FIG. 4 and is an enlarged cross-
sectional view in the vicinity of the first side member 31
and the first sub-frame 81. Since the configuration on the
side of the second side member 32 is similar to that on
the side of the first side member 31, the configuration on
the side of the first side member 31 will be described
below as a representative example.
[0026] As shown in FIG. 6, side member covers 90 and
91, a mount bracket 92, a side-member extension mem-
ber 93, and the like are provided on the side member 31.
As shown in FIG. 7, an example of the side member 31
is made of a metallic material (for example, a steel plate)
having a hat-shaped cross section and has a flange 100
at the upper end thereof. On the other hand, an example
of the sub-frame 81 is made of a metallic material (for
example, a steel plate) having an inverted hat-shaped
cross section and has a flange 101 at the lower end there-
of. A side member cover 90 is held between the flange
100 of the side member 31 and the flange 101 of the sub-
frame 81, and these members are joined by spot welding,
whereby the side member 31, the sub-frame 81 and the
side member cover 90 are secured to one another.
[0027] A first closed cross-section S1 (shown in FIG.
7) is formed by the side member 31 and the side member
cover 90 assembled by welding as described above. Fur-
thermore, a second closed cross-section S2 is formed

by the sub-frame 81 and the side member cover 90. A
side-frame structural body 121 having a highly rigid two-
storied structure is composed of the side member 31, the
sub-frame 81 and the side member cover 90 which are
used to form these closed cross-sections S1 and S2.
[0028] Moreover, the side-member extension member
93 (shown in FIGS. 1, 3 and 6) is disposed on the side
member 31 and on the vehicle-body rear side of the sub-
frame 81. For example, the lower section 94 of the side-
member extension member 93 is inserted into the side
member 31, and the inserted lower section 94 is secured
to the side member 31 by securing means, such as weld-
ing. Since the configuration on the side of the second
side member 32 is similar to that on the side of the first
side member 31, similar components are designated by
numerals common thereto and their descriptions are
omitted.
[0029] As shown in FIGS. 6 and 7, the end section 83b
of the cross member 83, one of the cross members, po-
sitioned on the front side of the vehicle body is inserted
into the holes 110 and 111 of the sub-frame 81, and the
end section 83b is welded to the sub-frame 81. The end
section 84b of the other cross member 84 positioned on
the rear side of the vehicle body is also inserted into the
holes 112 and 113 of the sub-frame 81, and the end sec-
tion 84b is welded to the sub-frame 81. Due to these
configurations, torsional rigidity in the vicinity of a section
where the drive battery 17 is disposed is enhanced. A
reinforcing plate 115 is provided for each of the end sec-
tions 83b and 84b of the cross members 83 and 84. W1,
W2 and W3 shown in FIG. 7 are some examples of weld-
ed sections. The sub-frame unit 40 sub-assembled as
shown in FIG. 5 is composed of the sub-frames 81 and
82 and the cross members 83 and 84 assembled by weld-
ing as described above.
[0030] Supporting sections 81a and 82a for supporting
the loading platform 14 are formed on the upper faces of
the sub-frames 81 and 82. Supporting sections 92a and
93a for supporting the loading platform 14 are also
formed on the upper faces of the mount brackets 92 and
on the upper faces of the side-member extension mem-
bers 93, respectively. A supporting section 120 (shown
in FIG. 3) for supporting the front end of the loading plat-
form 14 is formed at the rear section of the cabin 13. The
loading platform 14 is placed on these supporting sec-
tions 81a, 82a, 92a, 93a and 120 and secured to the
predetermined positions of the frame 12 by securing
means, such as bolts or welding.
[0031] With the above-mentioned frame structure of
this embodiment, the first side-frame structural body 121
having a highly rigid two-storied structure is composed
of the first side member 31, the first sub-frame 81 and
the first side member cover 90. The clearance between
the loading platform 14 and the first side member 31 is
almost blocked with the first sub-frame 81.
[0032] Furthermore, the second side-frame structural
body 122 having a highly rigid two-storied structure is
composed of the second side member 32, the second
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sub-frame 82 and the second side member cover 90.
The clearance between the loading platform 14 and the
second side member 32 is almost blocked with the sec-
ond sub-frame 82. Both side faces 17a and 17b (shown
in FIG. 4) of the drive battery 17 are opposed to the side-
frame structural bodies 121 and 122, respectively.
[0033] Since the side-frame structural bodies 121 and
122 configured as described above serve as electromag-
netic shields, electromagnetic waves emitted from the
drive battery 17, an electromagnetic wave generation
source, toward the sides of the vehicle body can be sup-
pressed from being radiated around the vehicle 10. Fur-
thermore, since the floor member 50 of the loading plat-
form 14, made of steel, is disposed above the drive bat-
tery 17 and the electromagnetic shield member 63 is dis-
posed below the drive battery 17, the electromagnetic
waves can also be avoided from being radiated upward
and downward from the drive battery 17. Since the floor
panel 26 made of steel is disposed in front of the drive
battery 17, the electromagnetic waves can also be avoid-
ed from being radiated forward from the drive battery 17.
Moreover, since metallic members, such as the drive mo-
tor 15, the transmission 16, and the cross members 41
and 42, are disposed behind the drive battery 17, the
electromagnetic waves can also be avoided from being
radiated rearward from the drive battery 17.
[0034] Besides, since the highly rigid side-frame struc-
tural bodies 121 and 122 are disposed along both side
sections of the drive battery 17, the side-frame structural
bodies 121 and 122 can exert great strength against col-
lision loads from the sides and the rear of the vehicle
body 11, whereby the drive battery 17 can be suppressed
from being broken.
[0035] In addition, since the drive battery 17 can be
prevented from being splashed with water during vehicle
running in rainy weather and at the time of vehicle running
in a puddle by the side-frame structural bodies 121 and
122, the splashed water can be suppressed from entering
the inside of the drive battery 17. Furthermore, since a
high-voltage cable (for example, a cable 130 shown in
FIG. 2) connected to the drive battery 17 can be disposed
on the inner side of the side-frame structural bodies 121
and 122, the high-voltage cable can be avoided from be-
ing exposed to the outside of the vehicle body.
[0036] Still further, since the bent sections 83a and 84a
protruding upward are formed at the cross members 83
and 84 of the sub-frame unit 40, the cross members 83
and 84 can be avoided from interfering with the upper
face (for example, the duct section 62) of the drive battery
17, and a part of the loading platform 14 can be supported
by the brackets 85 and 86 provided for the cross mem-
bers 83 and 84, whereby the rigidity of the loading plat-
form 14 can be enhanced.
[0037] With the frame structure of this embodiment, in
the case that a vehicle body frame used for an existing
gasoline-powered vehicle is desired to be converted into
a vehicle body frame for use in a truck-type electric ve-
hicle, for example, a frame structure for a truck-type elec-

tric vehicle on which the drive battery 17 can be mounted
can be obtained relatively easily by taking a counter-
measure, such as mounting the sub-frame unit 40 and
the side-member extension members 93 according to
this embodiment on the side members of the existing
vehicle body frame.
[0038] When the present invention is put into practice,
the structures, dispositions, or the like of elements con-
stituting the side-frame structural bodies including the
side members and the sub-frames can be modified and
implemented appropriately as a matter of course. Fur-
thermore, the modes of the loading platform, the drive
battery, or the like are not limited to those according to
the above-mentioned embodiment, but can be imple-
mented in various modes. Moreover, the frame structure
according to the present invention can be applied to not
only electric automobiles running on only an electric mo-
tor but also hybrid vehicles having a drive electric motor
and an engine. Namely, in the above description, the
electric vehicle includes the electric automobile and the
hybrid vehicle.

Claims

1. A frame structure for use in a truck-type or pickup-
type electric vehicle having a drive motor and a drive
battery configured to supply electric power to the
drive motor, the frame structure comprising:

a frame including first and second side members
extending in a front-rear direction of a vehicle
body;
first and second sub-frames respectively dis-
posed on the first and second side members;
and
cross members provided between the first and
second sub-frames and extending in a width-
wise direction of the vehicle body, character-
ized in that
the drive battery is disposed between a first side-
frame structural body including the first side
member and the first sub-frame, and a second
side-frame structural body including the second
side member and the second sub-frame.

2. The frame structure according to claim 1, charac-
terized in that
each of the first and second side members has a
hat-shaped cross section,
each of the first and second sub-frames has an in-
verted hat-shaped cross section,
side member covers are respectively provided be-
tween the first side member and the first sub-frame,
and between the second side member and the sec-
ond sub-frame, and
a flange of the first side member, a flange of the first
sub-frame and the side member cover are joined,
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and a flange of the second side member, a flange of
the second sub-frame and the side member cover
are joined so that each of the first and second side-
frame structural bodies has a first closed cross-sec-
tion and a second closed cross-section.

3. The frame structure according to claim 1 or 2, char-
acterized in that
one end section of one of the cross members is in-
serted into a hole in the first sub-frame and is welded
to the first sub-frame, and
the other end section of the one of the cross mem-
bers is inserted into a hole in the second sub-frame
and is welded to the second sub-frame.

4. The frame structure according to any one of claims
1 to 3, characterized in that
a bent section protruding upward is formed at a lon-
gitudinally central section of each of the cross mem-
bers, and
a bracket for supporting a part of a loading platform
of the vehicle is provided at the bent section.

5. The frame structure according to any one of claims
1 to 4, characterized in that
side-member extension members are respectively
provided on the first and second side members on
rear sides of the first and second sub-frames.

6. The frame structure according to claim 1, charac-
terized in that
one end section of one of the cross members is in-
serted into a hole in the first sub-frame and is welded
to the first sub-frame.

7. The frame structure according to claim 6, charac-
terized in that
a section where a loading platform is placed is pro-
vided at each of the cross members.
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