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(57) ABSTRACT

A first projection portion projecting outward, in a vehicle
width direction, from a front side frame 1s provided. A front
end of the first projection portion 1s located at the same
position, in the vehicle longitudinal direction, as a connec-
tion portion of a crash can to the front side frame or located
in back of the connection portion. An outward side face of
the first projection portion 1s configured to slant rearward
and mward 1n a plan view. The first projection portion and
a power unit are arranged to overlap each other 1n the vehicle
longitudinal direction. Accordingly, an impact transmitted to
a vehicle-compartment side 1n a small overlap collision can
be reduced, restraining repair costs of the crash can broken
in a low-speed collision as well as maintaining appropriate

design flexibility of a vehicle-body front portion.

19 Claims, 10 Drawing Sheets
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VEHICLE-BODY FRONT STRUCTURE OF
VEHICLE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions

made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held

invalid by a prior post-patent action or proceeding.

CROSS REFERENCE 10 RELATED
APPLICATIONS

The present application is a reissue application under 35
US.C. § 251 of U.S. patent application Ser. No. 13/854,649,
filed Apr. 1, 2013, now U.S. Pat. No. 9,027,695, issued May
12, 2015.

BACKGROUND OF THE INVENTION

The present invention relates to a vehicle-body front
structure of a vehicle, in which a crash can 1s provided
between a bumper beam and a front side frame.

Conventionally, a technology 1s known, 1n which a pair of
right-and-leit front side frames extending in a vehicle lon-
gitudinal direction 1s provided at a vehicle-body front por-
tion so that an impact load 1s absorbed by the front side
frames crushing 1n a front-end collision of a vehicle.

Herein, the front-end collision of the vehicle occurs at a
vehicle-body portion which 1s located on an outward side, in
a vehicle width direction, from the front side frame 1n some
cases. This kind of front-end collision in which the vehicle

body collides with an object with a small overlap-width in
the vehicle width direction (e.g., about 25% of the vehicle
width) 1s sometimes called “a small overlap collision.”

In a case 1n which the object of the small overlap collision
1s a pole member, such as a utility pole or traflic sign, this
pole member sometimes collides 1n a manner of sinking nto
a portion between the front side frame and a front wheel. In
this case, there occurs a problem in that a transmission
elliciency of a load transmitted to the front side frame may
deteriorate. Further, even 1n a case 1n which the object of the
small overlap collision 1s a non-pole member, such as
another vehicle traveling in the opposite direction, the
transmission efliciency of the load transmitted to the front
side frame may improperly deteriorate, compared with a
case 1n which the object and the vehicle body collide with
cach other in a wide overlap-width 1n the vehicle width
direction. Therefore, there 1s a problem in that, in the case of
the small overlap collision, the amount of 1impact absorption
by deformation of the front side frame becomes so small that
the 1mpact load may be transmitted to a vehicle-compart-
ment side improperly easily.

US Patent Application Publication No. 2004/0195862 Al
discloses a vehicle-body front structure shown i FIG. 10,
which may become one countermeasure against the above-
described problem. In a conventional structure shown 1in
FIG. 10, a fork member 150 which extends forward, forking
into two branches, 1s disposed between a front end of a front
side frame 104 and a bumper beam 110. This fork member
150 comprises a straight-extending member 152 which
extends forward from the front end of the front side frame
104 without slanting and an outward-slant member 154
which extends forward from the front end of the front side
frame 104, slanting outward in a vehicle width direction. A
rear end portion of the straight-extending member 152 and
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a rear end portion of the outward-slant member 154 are
connected by bolts. According to this structure, even 1n the

case of the small overlap collision, an 1impact load received
at the outward-slant member 154 is transmitted to the front
side frame 104, so that the impact can be absorbed by
cllectively deforming the front side frame 104. Thereby, the
impact transmitted to a vehicle-compartment side can be
reduced.

In general, a crash can 1s disposed between the front end
of the front side frame and the bumper beam. In this case, 1n
a case of a low-speed collision of 15 km/h, for example, the
collision load can be absorbed only by deformation of the
crash can, without any breakage of the front side frame.
Thereby, repair costs can be reduced.

In this regard, 1n the above-described conventional struc-
ture shown in FIG. 10, 1f the above-described straight-
extending member 152 has a low rigidity like the crash can,
it may be considered that the collision load can be absorbed
by deformation of the straight-extending member 152, with-
out any breakage of the front side frame 104, in the
low-speed collision. In this case, the straight-extending
member 152 can be considered as the above-described crash
can.

However, since not only the straight-extending member
152 but also the above-described outward-slant member 154
are arranged in front of the front side frame 104 1n the
structure shown i FIG. 10, when the impact load in the
low-speed collision 1s absorbed by the deformation of the
straight-extending member 152, the outward-slant member
154 gets broken as well as the straight-extending member
152. Therefore, the repair costs may increase more.

Meanwhile, 1n the conventional structure shown in FIG.
10, 11 the rigidity of the straight-extending member 152 1s so
large that the straight-extending member 152 cannot func-
tion as a crash can, the impact 1s directly inputted to the front
side frame 104 even in the low-speed collision, so that the
front side frame 104 gets damaged easily. Consequently, the
repair costs may increase further.

Further, 1n general, while the bumper beam 1s provided
such that 1ts both ends extend to connection portions to crash
cans, when the structure equipped with the outward-slant
member 154 shown 1n FIG. 10 1s applied, 1t 1s necessary to
extend both ends of the bumper beam 110 further up to
connection portions to the outward-slant member 154.
Accordingly, it may be necessary that both end portions of
a bumper 120 are bent rearward 1n a squire manner so as not
to mterfere with the both end portions of the long bumper
beam 110. Therefore, the both end portions of the bumper
120 cannot be curved rearward smoothly 1 a shape 1llus-
trated by a two-dotted broken line R of FIG. 10, for example.
Consequently, there 1s another problem 1n that the design of
the vehicle-body front portion may be restricted.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to
provide a vehicle-body front structure of a vehicle, in which
a bumper beam and a front side frame are connected via a
crash can, which can properly reduce the impact transmaitted
to the vehicle-compartment side 1n the small overlap colli-
s10n, restraining repair costs of the crash can broken 1n the
low-speed collision as well as maintaining appropriate
design flexibility of the vehicle-body front portion.

According to the present invention, there 1s provided a
vehicle-body 1front structure of a vehicle, comprising a
bumper beam provided at a front portion of a vehicle body
and extending 1n a vehicle width direction, a pair of right-
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and-left front side frames extending 1n a vehicle longitudinal
direction, front end portions of which are connected to both
end portions of the bumper beam via crash cans, a power
unit arranged between the right-and-left front side frames,
and first projection portions projecting outward, in the
vehicle width direction, from the front side frames, wherein
a front end of each of the first projection portions 1s located
at the same position, 1n the vehicle longitudinal direction, as
a connection portion of the crash can to the front side frame
or located 1n back of the connection portion, a side face of
the first projection portion which 1s located on an outward
side 1n the vehicle width direction 1s configured to slant
rearward and inward 1n a plan view, and the first projection
portion and the power unit are arranged to overlap each other
in the vehicle longitudinal direction.

According to the present invention described above, the
impact load 1n the so-called small overlap collision can be
received by the first projection portion projecting outward,
in the vehicle width direction, from the front side frame.
Further, since the side face of the first projection portion
which 1s located on the outward side 1n the vehicle width
direction 1s configured to slant rearward and mmward 1n the
plan view, the impact load received from the vehicle front by
the first projection portion can be eflectively transmitted to
the front side frame.

Moreover, since the first projection portion and the power
unit provided between the right-and-leit front side frames
are arranged to overlap each other 1n the vehicle longitudinal
direction according to the present invention, the impact load
transmitted to the front side frame from the first projection
portion can be recerved by the heavy-weight power unit.
Accordingly, the front side frame can be deformed stably in
the small overlap collision, thereby providing more effective
impact absorption. At the same time, the impact load can be
dispersed to the power unit.

Thus, since the impact load can be eflectively absorbed
and dispersed at the vehicle-body front portion in the small
overlap collision according to the present invention, the
impact transmitted to the vehicle-compartment side can be
properly reduced.

Also, since the front end of the first projection portion 1s
located at the same position, i the vehicle longitudinal
direction, as the connection portion of the crash can to the
front side frame or located in back of the connection portion,
when the impact absorption 1s achieved only by deformation
of the crash can, without any damage of the front side frame,
in the low-speed collision, the repair costs can be restrained
by avoiding any damage of the first projection portion.

Further, since the first projection portion 1s provided in
back of the crash can like this, the both end portions of the
bumper can be arranged 1n outside spaces of the crash cans
without any interference with the first projection portions.
Accordingly, a design can be applied, 1n which the both end
portions of the bumper curve rearward smoothly, passing
beside the crash cans and through both-side spaces 1n front
of the first projection portions, for example. Thus, the design
flexibility of the vehicle-body front portion can be main-
tained approprately.

According to an embodiment of the present invention, a
rear end of the first projection portion 1s located 1n an area
where the power unit exists 1n a side view such that the first
projection portion and the power unit are arranged to overlap
cach other in the vehicle longitudinal direction. Thereby,
since the overlap arrangement of the first projection portion
with the power unit 1s achieved by locating the rear end of
the first projection portion in the area where the power unit
exists 1n the side view, when the front side frame bends
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inward 1n the small overlap collision, the front side frame
can be stably deformed by contacting the front side frame
with the power unit, thereby absorbing the impact properly.

According to another embodiment of the present inven-
tion, the power unit includes a parallel face portion which 1s
provided substantially in parallel to the front side frame in
a plan view, facing to the front side frame, and the rear end
of the first projection portion is located 1n back of a front end
portion of the parallel face portion of the power unit such
that the first projection portion and the parallel face portion
of the power unit are arranged to overlap each other 1n the
vehicle longitudinal direction. Thereby, the impact load
transmitted to the front side frame from the first projection
portion can be received surely by the parallel face portion of
the power umt. Accordingly, the impact absorption by the
deformation of the front side frame and the load dispersion
to the power unit 1 the small overlap collision can be
achieved more effectively.

According to another embodiment of the present inven-
tion, the first projection portion 1s made of a member having
a U-shaped cross section which comprises a pair of upper-
and-lower flange portions extending in the vehicle longitu-
dinal direction and joined to a side face of the front side
frame which 1s located on an outward side 1n the vehicle
width direction, an upper wall portion extending outward
from a lower end of the upper flange portion, a lower wall
portion extending outward from an upper end of the lower
flange portion, and a side wall portion interconnecting
outward end portions of the upper wall portion and the lower
wall portion, and a front end portion of the first projection
portion and a front end portion of the front side frame are
joined to a plate member arranged along a face substantially
perpendicular to the vehicle longitudinal direction. Thereby,
since the first projection portion 1s a light-weight member
having the U-shaped cross section comprising the pair of
upper-and-lower tlange portions, the upper wall portion, the
lower wall portion, and the side wall portion, when the
impact load 1s mputted to the first projection portion from
the front, a load acting on joint portions of the upper-and-
lower tlange portions of the first projection portion to the
side face of the front side frame can be reduced. Further,
since the front end portion of the first projection portion and
the front end portion of the front side frame are joined to the
plate member arranged along the face substantially perpen-
dicular to the vehicle longitudinal direction, when the
impact load from the small overlap collision i1s mputted to
the first projection portion, the impact load 1s also dispersed
to the front side frame via the above-described plate member
as well, thereby avoiding any excessive concentration of the
impact load on the first projection portion. Accordingly, 1t
can be avoided that the first projection portion 1s easily taken
ofl the front side frame 1n the small overlap collision, so that
the load transmission from the first projection portion to the
front side frame can be achieved surely.

According to another embodiment of the present inven-
tion, a width, 1n a vertical direction, of the side wall portion
of the first projection portion 1s configured to have the
maximum width at a rear end portion of the side wall
portion, and a recess groove extending in the vehicle lon-
gitudinal direction 1s formed at the side wall portion of the
first projection portion by means of bead process. Thereby,
since the width, 1n the vertical direction, of the rear end
portion of the side wall portion of the first projection portion
1s configured to be maximum, the load transmission from the
rear end portion of the side wall portion of the first projec-
tion portion to the power unit can be achieved in a wide
range 1n the vertical direction. Accordingly, the impact load
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from the small overlap collision can be effectively transmit-
ted to the power unit from the first projection portion via the
front side frame. Further, since the recess groove extending
in the vehicle longitudinal direction 1s formed at the side
wall portion of the first projection portion by means of bead
process, the strength against the load input from the vehicle
front 1s increased. Accordingly, the impact load directly
inputted from the obstacle which the vehicle collides with
can be received surely by the first projection portion, so that
the load transmission from the first projection portion to the
front side frame can be achieved more surely.

According to another embodiment of the present inven-
tion, a sub frame supporting a suspension member for front
wheel 1s arranged below the front side frame, and a second
projection portion projecting outward, in the vehicle width
direction, from the sub frame 1s arranged to overlap the first
projection portion at least partially in the plan view. Thereby,
the 1mpact load from the small overlap collision can be
received by the second projection portion as well as the first
projection portion. Accordingly, the impact load can be
cllectively transmitted from the second projection portion to
the sub frame, thereby promoting the impact absorption by
the sub frame.

Other features, aspects, and advantages of the present

invention will become apparent from the following descrip-
tion which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view showing a vehicle-body front
structure ol a vehicle according to an embodiment of the
present mvention.

FIG. 2 1s a plan view of the vehicle-body front structure
shown 1n FIG. 1, when viewed from a specified direction
indicted by an arrow A.

FIG. 3 1s an enlarged plan view showing a left-side front
side frame and its surrounding portion in the vehicle-body
front structure shown in FIG. 1.

FIG. 4 1s a bottom view showing a structure below the
left-side front side frame in the vehicle-body front structure
shown 1n FIG. 1.

FIG. § 1s an elevational view of the left-side front side
frame and a first projection portion, when viewed from a
vehicle front side.

FIG. 6 1s a perspective view of the first projection portion
shown 1n FIG. 5 and its surrounding portion, when viewed
obliquely from a vehicle outward-and-rearward side.

FI1G. 7 1s a side view of the first projection portion shown
in FIG. 5, when viewed {from a vehicle outward side.

FIG. 8 1s a plan view showing an example of a state in
which a small overlap collision occurs 1n the vehicle-body
front structure shown in FIG. 1.

FIG. 9 1s a plan view showing a vehicle-body front
structure of a vehicle according to another embodiment of
the present imvention.

FIG. 10 1s a plan view showing a vehicle-body front
structure of a vehicle according to a conventional example.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Hereaftter, preferred embodiments of the present invention
will be descried referring to the accompanying drawings. In
the following descriptions, the terms regarding directions,
such as “front”, “rear”, “longitudinal”, “left”, “right”, or

“lateral”, mean respective directions 1n a state where a
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vehicle’s traveling direction 1s set as a “front” direction,
except particular cases with notes.

FIG. 1 1s a side view schematically showing a vehicle-
body front structure of a vehicle according to an embodi-
ment of the present invention, and FIG. 2 1s a schematic plan
view of the vehicle-body front structure.

As shown 1 FIGS. 1 and 2, a pair of right-and-left front
side frames 4 (4a, 4b) 1s provided to extend i1n a vehicle
longitudinal direction 1n front of a dash panel 2 of a vehicle
1. Further, a bumper beam 10 1s provided to extend 1n a
vehicle width direction at a vehicle-body front portion of the
vehicle 1.

Front end portions of the front side frames 4 are connected
to both end portions of the bumper beam 10 via first crash
cans 6. A first attaching plate 7 which 1s arranged along a
face substantially perpendicular to the vehicle longitudinal
direction 1s fixed to a rear end portion of the first crash can
6 by welding, for example. A first set plate 8 which 1s
arranged along the face substantially perpendicular to the
vehicle longitudinal direction 1s fixed to a front end portion
of the front side frame 4 by welding, for example. The first
attaching plate 7 and the first set plate 8, which are arranged
to be overlapped each other, are connected by bolts, for
example, at a connection portion of the first crash can 6 to
the front side frame 4.

According to the structure described above, when an
impact load 1s mputted to the bumper beam 10 from the
vehicle front, 1n a case in which the impact load 1s relatively
small 1n a low-speed collision or the like, the impact 1s
absorbed only by crushing of the first crash can 6, without
any breakage of the front side frame 4. Meanwhile, 1n a case
in which the impact load 1s so large that the impact cannot
be absorbed only by deformation of the first crash can 6, the
impact 1s absorbed eflectively by crushing of the front side
frame 4. Thus, this structure 1s configured such that the
impact transmitted to a vehicle-compartment side can be
restrained.

Further, a power unit 30 1s arranged between the left-side
front side frame 4a and the right-side front side frame 4b.
The power unit 30 1s supported at the right-and-left front
side frames 4 via supporting members 40 by suspension, for
example. Illustrations of the supporting members 40 are
omitted in FIG. 1.

An engine, a torque convertor and a transmission, for
example, are installed as the power unit 30, and the weight
of the power unit 30 1s about 10-20% of the whole weight
ol the vehicle 1.

The structure of the power unit arranged between the
right-and-left front side frames of the present invention 1s
not limited especially, as long as a power source of the
vehicle 1s provided. For example, 1n a case of an electric
automotive vehicle, a power unit equipped with a motor and
a reduction gear may be installed. In a case of a hybnd
vehicle, a power unit equipped with an engine, a motor and
a transmission may be installed.

FIG. 3 1s an enlarged plan view showing the left-side front
side frame 4a and 1ts surrounding portion, which shows an
example of a specific shape of a left end portion of the power
unit 30. As shown in FIG. 3, the power unit 30 includes a
parallel face portion 32 which 1s provided substantially in
parallel to the left-side front side frame 4a 1n a plan view,
facing to the left-side front side frame 4a. The parallel face
portion 32 1s comprised of part of a case of a transmission,
for example, but may be comprised of a different member or
portion from the power unit 30. Likewise, while 1llustration
1s omitted, the power unit 30 includes a parallel face portion
at 1ts right end portion, which 1s provided substantially 1n
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parallel to the right-side front side frame 4b 1n the plan view,
facing to the right-side front side frame 4b.

As shown 1n the bottom view of FIG. 4, a sub frame 16
supporting suspension members (not 1llustrated) for front
wheels 14 1s arranged below the front side frames 4. Herein,
while FIG. 4 shows a left half part of the sub frame 16 and
its surrounding portion, the right half part of the sub frame
16 and 1ts surrounding portion are similar symmetrically.

The sub frame 16 comprises a pair of left-and-right front
longitudinal members 18 which 1s arranged below the front
side frames 4a, 4b to extend in the vehicle longitudinal
direction, rear longitudinal members 20 which extend rear-
ward from rear ends of the front longitudinal members 18,
a front lateral member 22 which extends 1n the vehicle width
direction, interconnecting front end portions of the left-and-
right front longitudinal members 18, and a rear lateral
member 23 which extends in the vehicle width direction,
interconnecting the left-and-right rear longitudinal members
20.

A second crash can 24, which 1s of a substantially
triangular shape in the plan view, for example, 1s connected
to a front end portion of each of the front longitudinal
members 18 of the sub frame 16. A second attaching plate
25 which 1s arranged along the face substantially perpen-
dicular to the vehicle longitudinal direction 1s fixed to a rear
end portion of the second crash can 24 by welding, for
example. A second set plate 26 which 1s arranged along the
tace substantially perpendicular to the vehicle longitudinal
direction 1s fixed to a front end portion of the front longi-
tudinal member 18 by welding, for example. The second
attaching plate 25 and the second set plate 26, which are
arranged to be overlapped each other, are connected by
bolts, for example, at a connection portion of the second
crash can 24 to the front longitudinal member 18.

The second crash can 24 1s arranged below the first crash
can 6. Accordingly, the second crash can 24 is also config-
ured to be crushable when the first crash can 6 crushes in the
low-speed collision, so that the impact 1n the low-speed
collision can be absorbed more effectively.

The wvehicle-body {front structure of the vehicle 1
described above turther comprises first projection portions
50 which project outward, in the vehicle width direction,
from the front side frames 4, and second projection portions
70 which project outward, in the vehicle width direction,
from the front longitudinal members 18 of the sub frame 16.
Hereafter, structures of the first projection portions 50 and
the second projection portions 70 will be described.

At first, the structure of the first projection portions 50
will be described referring to FIGS. 3 and 5-7. Herein, while
the structure of the left-side first projection portion 50 which
1s provided at the left-side front side frame 4a shown 1n
FIGS. 3 and 5-7 will be described, the structure of the
right-side first projection portion 50 provided at the right-
side front side frame 4b 1s similar symmetrically.

As shown 1n FIG. 3, the first projection portion 50, which
1s of substantially rectangular shape 1n the plan view, and a
side face of the first projection portion 30 which 1s located
on an outward side 1n the vehicle width direction, 1.e., a side
wall portion 55, 1s configured to slant rearward and inward
in the plan view.

Thereby, when the small overlap collision of the vehicle
1 with a pole-shaped object 99 occurs as shown 1n FIG. 8,
for example, the impact load can be received by the first
projection portion 50 and eflectively transmitted to the front
side frame 4.

Returming to FIG. 3, a rear end portion of the first
projection portion 50 and a front end portion of the parallel
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face portion 32 of the power unit 30 are arranged to overlap
cach other by a length L 1n the vehicle longitudinal direction.
In a range of this overlap, the front side frame 4 and the
parallel face portion 32 of the power unit 30 are arranged to
face to each other with a substantially constant and small
distance. Accordingly, 1n the small overlap collision, the
front side frame 4 being bent by the impact transmitted from
the first projection portion 30 and projecting inward can be
surely contacted with the parallel face portion 32 of the
power unit 30. Thus, the impact load can be received by the
heavy-weight power unit 30, so that the front side frame 4
can be deformed stably in a manner shown 1n FIG. 8, for
example. The mmpact absorption by the front side frame 4
can be surely achieved, and also the load dispersion to the
power unit 30 can be achieved.

Further, the front end of the first projection portion 50 1s
arranged at the same position, 1n the vehicle longitudinal
direction, as the connection portion of the first crash can 6
to the front side frame 4. Accordingly, since the impact from
the low-speed collision 1s absorbed only by the deformation
of the first crash can 6, without any damage of the front side
frame 4, repair costs can be restrained, avoiding any damage
of the first projection portion 50.

Moreover, since the first projection portions 50 are pro-
vided 1n back of the first crash cans 6, the both end portions
of the bumper 12 can be arranged in an outside space of the
first crash cans 6 without any interference with the first
projection portions 30 as shown 1n FIG. 2. Accordingly, a
design can be applied, in which the both end portions of the
bumper 12 curve rearward smoothly, passing beside the first
crash cans 6 and through both-side spaces 1n front of the first
projection portions 50, for example. Thus, the design flex-
ibility of the vehicle-body front portion can be maintained
approprately.

As shown 1n the elevational view of FIG. 5, the first
projection portion 30 1s made of a member having a
U-shaped cross section which comprises a pair of upper-
and-lower flange portions 51, 52 joined to a side face of the
front side frame 4 which 1s located on an outward side 1n the
vehicle width direction, an upper wall portion 53 extending
outward from a lower end of the upper flange portion 51, a
lower wall portion 54 extending outward from an upper end
of the lower flange portion 52, and a side wall portion 55
interconnecting outward end portions of the upper wall
portion 53 and the lower wall portion 54.

This first projection portion 30 1s made by bending
forming, for example. Therefore, a high strength matenal,
which may not be applied to press forming, can be used as
a material of the first projection portion 50, so that the
reduction of the plate thickness of the first projection portion
50, thereby the turther weight reduction of the first projec-
tion portion 50 can be achieved.

The front end of the first projection portion 50 is joined to
the above-described first set plate 8 by welding, for example.
Specifically, the upper wall portion 53, the side wall portion
535, the lower wall portion 54 and the lower flange portion 52
are joimed to the first set plate 8 by linear welding, for
example, at the front end of the first projection portion 50.

As described above, since not only the front side frame 4
but also the first projection portion 50 are joined to the first
set plate 8, the first set plate 8 has a shape further extending
inward 1n the vehicle width direction, compared with the
conventional structure.

Herein, the first set plate 8 has plural opening portions 36,
38, so that the weight of the first set plate 8 1s reduced
properly. Further, the front side frame 4 1s a tube member
comprising a front frame mner 46 and a front frame outer 47
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which are joined together. At an inside face of the front
frame inner 46 and an outside face of the front frame outer
47 are respectively formed projection portions 48, 49
extending 1n the vehicle longitudinal direction. Thereby, the
strength of the front side frame 4 1s increased. Moreover,
joimng the front side frame 4 to the first set plate 8 1s
conducted by linear welding of the front frame nner 46 to
the first set plate 8, for example.

As shown 1n FIGS. 6 and 7, the upper-and-lower flange
portions 51, 52 of the first projection portion 50 extend 1n the
vehicle longitudinal direction, and are joined to the front
frame outer 47 of the front side frame 4 by spot welding
applied at plural points 1n the vehicle longitudinal direction.

The side wall portion 55 of the first projection portion 50
1s arranged along substantially 1n a vertical direction. Fur-
ther, the side wall portion 55 1s formed such that its vertical
width H (see FIG. 7) becomes greater gradually toward the
vehicle rear. Thereby, the impact load inputted from the front
can be dispersed vertically and transmitted rearward by the
side wall portion 55. Moreover, since the vertical width of
the side wall portion 55 1s configured to have the maximum
width at a rear end portion of the side wall portion 55, the
load transmission from the rear end portion of the side wall
portion 55 to the power unit 30 can be achueved 1 a wide
range 1n the vertical direction. Herein, while the front end
portion of the side wall portion 55 1s joined to the first set
plate 8 as described above, 1ts rear end portion 1s not joined
to the front side frame 4.

A recess groove 56 extending 1n the vehicle longitudinal
direction 1s formed at a central portion, 1n the vertical
direction, of the side wall portion 35 by means of bead
process. Thereby, the strength against the load input from the
front 1s 1ncreased. This recess groove 56 1s configured such
that the depth thereof becomes shallower gradually toward
the vehicle rear.

Also, since the first projection portion 30 1s the light-
weight member having the U-shaped cross section as
described above, when the impact load 1s inputted to the first
projection portion 50 from the vehicle front, the load acting,
on joint portions of the upper-and-lower flange portions 51,
52 of the first projection portion 50 to the front side frame
4 can be reduced.

Further, since the front end portion of the first projection
portion 50 and the front end portion of the front side frame
4 are joined to the same {first set plate 8 as described above,
when the impact load from the small overlap collision 1s
inputted to the first projection portion 50, the impact load 1s
also dispersed to the front side frame 4 via the first set plate
8, thereby avoiding any excessive concentration of the
impact load on the first projection portion 50.

Accordingly, 1t can be avoided that the first projection
portion 50 1s easily taken off the front side frame 4 even 1t
the impact load 1s directly mputted to the first projection
portion 50 from the object 99 in the small overlap collision,
so that the load transmission from the first projection portion
50 to the front side frame 4 can be achieved surely.

Subsequently, the structure of the second projection por-
tion 70 will be described referring to FIG. 4.

As described above, the second projection portion 70 1s
provided to project outward, in the vehicle width direction,
from the front longitudinal member 18 of the sub frame 16.
The second projection portion 70 1s made of a light-weight
member having a U-shaped cross section opening inward,
for example.

An inward end portion, 1n the vehicle width direction, of
the second projection portion 70 1s joined to the front
longitudinal member 18 of the sub frame 16 by linear
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welding, for example, and a front end of the second projec-
tion portion 70 1s joined to the second set plate 26 by linear
welding, for example.

As described above, since not only the sub frame 16 but
also the second projection portion 70 are joined to the
second set plate 26, the second set plate 26 has a shape
further extending inward in the vehicle width direction,
compared with the conventional structure.

The second projection portion 70 1s of a substantially
triangular shape 1n the plan view, and configured such that
positions of front end and inward end portion of the second
projection portion 70 substantially mach those of the first
projection portion 30, respectively, but an outward end
portion of the second projection portion 70 1s located inward
from that of the first projection portion 50. That 1s, the
second projection portion 70 1s provided to overlap the first
projection portion 30 in the plan view.

Accordingly, the impact load from the small overlap
collision can be received by the second projection portion 70
as well as the first projection portion 50, so that the impact
load can be eflectively transmitted from the second projec-
tion portion 70 to the sub frame 16, thereby promoting the
impact absorption by the sub frame 16. Thereby, the impact
load from the small overlap collision can be dispersed and
cllectively absorbed by the front side frame 4 and the sub
frame 16. Consequently, the impact transmitted to the
vehicle-compartment side can be reduced more effectively.

Further, since a front end portion of the second projection
portion 70 and the front end portion of the sub frame 16 are
joined to the same second set plate 26, when the impact load
from the small overlap collision 1s mputted to the second
projection portion 70, the impact load 1s also dispersed to the
sub frame 16 via the second set plate 26, thereby avoiding
any excessive concentration of the impact load on the
second projection portion 70. Accordingly, it can be avoided
that the second projection portion 70 1s easily taken off the
sub frame 16 in the small overlap collision, so that the load
transmission from the second projection portion 70 to the
front side frame 16 can be achieved surely.

While the second projection portion 70 1s configured such
that 1ts whole part overlaps the first projection portion 50 in
the plan view 1n the above-described embodiment, another
case 1n which the second projection portion 70 and the first
projection portion 50 overlap each other only partially 1n the
plan view can provide the same eflect, too.

The present invention should not be limited to the above-
described embodiment, and any other modifications or
improvements may be applied within the scope of a sprit of
the present invention.

For example, while the above-described embodiment
describes the case in which the front end of the first
projection portion 30 1s provided at the same position as the
connection portion of the first crash can 6 to the front side
frame 4 1n the vehicle longitudinal direction, the front end of
the first projection portion 50 may be arranged 1n back of the
connection portion of the first crash can 6 to the front side
frame 4 1n the vehicle longitudinal direction as shown 1n
FIG. 9. This case can provide the same effect, too. Herein,
the first set plate 8 1s formed 1n a bending shape as shown
in FIG. 9, so that the front end of the front side frame 4 and
the front end of the first projection 50 can be joined to the
first set plate 8.

What 1s claimed 1s:

1. A vehicle-body front structure of a vehicle, comprising:

a bumper beam having end portions, said bumper beam

being provided at a front portion of a vehicle body and
extending 1n a vehicle width direction;
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a pair of night-and-left front side frames extending in a
vehicle longitudinal direction, front end portions of
which are connected to [both] #2¢ end portions of the
bumper beam via crash cans, said front side frames
each including a front side frame inner portion and a
front side frame outer portion, said front side frame
inner portion and said front side frame outer portion
defining a closed cross section;

a power unit arranged between the right-and-left front
side frames; and

first projection portions projecting outward, in the vehicle
width direction, from the front side frames,

wherein a front end of each of said first projection
portions 1s located at the same position, in the vehicle
longitudinal direction, as a connection portion of said
crash can to said front side frame or located in back of
said connection portion,

a side face of each of the first projection [portion which
is] portions which are located on an outward side in the
vehicle width direction 1s configured to slant rearward

and inward 1n a plan view,

the first projection [portion] portions and said power unit
are arranged to overlap each other 1n the vehicle
longitudinal direction,

said first projection [portion is] portions are made of a
member having a U-shaped cross section which com-
prises a pair of upper-and-lower flange portions extend-
ing in the vehicle longitudinal direction and joined to a
side face of each of the front side frame [which is] outer
portions which are each located on an outward side 1n
the vehicle width direction, an upper wall portion
extending outward from a lower end of each of the
upper flange [portion] portions, a lower wall portion
extending outward from an upper end of the lower
flange portion, and a side wall portion 1nterconnecting
outward end portions of the upper wall portion and the

lower wall portion, and a front end portion of each of

the first projection [portion] portions and a front end
portion of each of the front side [frame] frames are
joined to a plate member arranged along a face sub-
stantially perpendicular to the wvehicle longitudinal
direction.
2. The vehicle-body front structure of a vehicle of claim
1, wherein a rear end of eac’ of said first projection [portion]
portions 1s located 1n an area where said power unit exists 1n
a side view such that the first projection [portion] portions
and the power unmit are arranged to overlap each other 1n the
vehicle longitudinal direction.
3. The vehicle-body front structure of a vehicle of claim
2, wherein said power unit includes a parallel face portion
which 1s provided substantially 1n parallel to said front side
[frame] frames in a plan view, facing to the front side
[frame] frames, and the rear end of the first projection
[portion] portions is located in back of a front end portion of
said parallel face portion of the power unit such that the first
projection [portion] portions and the parallel face portion of
the power unit are arranged to overlap each other in the
vehicle longitudinal direction.
4. The vehicle-body front structure of a vehicle of claim
1, wherein a width, 1n a vertical direction, of said side wall
portion of the first projection [portion] portions is configured
to have [the] ¢ maximum width at a rear end portion of the
side wall portion, and a recess groove extending in the
vehicle longitudinal direction 1s formed at the side wall
portion of the first projection [portion] portions by means of
bead process.
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5. The vehicle-body front structure of a vehicle of claim
4, wherein a sub frame [supporting a suspension member for
a front wheel] is arranged below said front side [frame]}

frames, and a second projection portion projecting outward,

in the wvehicle width direction, from said sub frame 1s

arranged to overlap said first projection [portion] portions at
least partially 1n the plan view.

6. The vehicle-body front structure of a vehicle of claim
1, wherein a sub frame [supporting a suspension member for
a front wheel] is arranged below said front side [frame]

frames, and a second projection portion projecting outward,

in the vehicle width direction, from said sub frame 1s
arranged to overlap said first projection [portion] portions at
least partially in the plan view.

7. A vehicle-body front structure of a vehicle, comprising:

a bumper beam having end portions, said bumper beam
being provided at a front portion of a vehicle body and
extending 1n a vehicle width direction;

a pair ol rnight-and-left front side frames extending in a
vehicle longitudinal direction, front end portions of
which are connected to [both] #2¢ end portions of the
bumper beam via crash cans, said front side frames
each including a front side frame inner portion and a
front side frame outer portion, said front side frame
inner portion and said front side frame outer portion
defining a closed cross section;

a power unit arranged between the right-and-left front
side frames; and

a first projection [portions] portion projecting outward, in
the vehicle width direction, from each of the front side
[frames] frame outer portions.,

wherein a front end of [each of] said first projection
[portions] portion is located at the same position, in the
vehicle longitudinal direction, as a connection portion
of said crash [can] cans to said front side [frame}
frames or located 1n back of said connection portion,

a side face of the first projection portion which 1s located
on an outward side in the vehicle width direction 1s
configured to slant rearward and inward 1n a plan view,

the first projection portion and said power unit are
arranged to overlap each other in the vehicle longitu-
dinal direction,

a sub frame [supporting a suspension member for a front
wheel is] arranged below said front side [frame]
frames, and a second projection portion projecting
outward, 1n the vehicle width direction, from said sub
frame 1s arranged to overlap said first projection portion
at least partially 1n the plan view.

8. A vehicle-body front structure of a vehicle, comprising:

a bumper beam provided at a front portion of a vehicle
body and extending in a vehicle width dirvection,

a front side frame extending in a vehicle longitudinal
divection, a front end portion of which is connected to
an end portion of the bumper beam via a crash can,
said front side frame including a front side frame inner
portion and a front side frame outer portion, said front
side frame inner portion and said front side frame outer
portion defining a closed cross section,

a first projection portion projecting outward, in the
vehicle width direction, from the front side frame outer
portion,

said first projection portion is made of a member having
a U-shaped cross section, said U-shaped cross section
having a shape opening towards an inner side in the
vehicle width dirvection, and

a front end portion of the first projection portion and a
front end portion of the front side frame ave dirvectly
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Joined to a plate member arranged along a face sub-
stantially perpendicular to the vehicle longitudinal
direction.

9. The vehicle-body structure of a vehicle of claim 8§,
wherein when viewed from a front side of the vehicle, the
front end portion of said first projection portion is positioned
at an inner side of the plate member in the vehicle width
direction.

10. The vehicle-body structuve of a vehicle of claim &,
wherein when viewed from a front side of the vehicle, the
front end portion of said first projection portion is wider
than the front end portion of the front side frame in the
vehicle width dirvection.

11. The vehicle-body structure of a vehicle of claim &,
further comprising.

another front side frame extending in the vehicle longi-
tudinal direction, another front end portion of which is
connected to another end portion of the bumper beam
via another crash can, said another front side frame
including another front side frame inner portion and
another front side frame outer portion, said another
front side frame inner portion and said another front
side frame outer portion defining another closed cross
section,

the another front side frame and the front side frame
constitute a pair of right-and-left side frames,

another first projection portion projecting outward, in the
vehicle width direction, from the another front side
frame outer portion,

said another first projection portion is made of another
member having a U-shaped cross section, and

another front end portion of the another first projection
portion and another front end portion of the another
front side frame are divectly joined to another plate
member arranged along another face substantially
perpendicular to the vehicle longitudinal divection.

12. A vehicle-body front structure of a vehicle, compris-
Ing:

a bumper beam having end portions, said bumper beam
being provided at a front portion of a vehicle body and
extending in a vehicle width dirvection;

a pair of right-and-left front side frames extending in a
vehicle longitudinal dirvection, front end portions of
which ave connected to the end portions of the bumper
beam via crash cans, said front side frames each
including a front side frame inner portion and a front
side frame outer portion, said front side frame inner
portion and said front side frame outer portion defining
a closed cross section;

a first projection portion projecting outward, in the
vehicle width divection, from each of the front side
frame outer portions,

said first projection portions arve made of a member
having a U-shaped cross section, the U-shaped cross
section having a shape to open toward an inner side in
the vehicle width direction,

a front end portion of the first projection portions and a
front end portion of the front side frames are joined to
a plate member arranged along a face substantially
perpendicular to the vehicle longitudinal divection, and

the cross section of the first projection portions are
enlarged toward the inner side in the vehicle width
direction.

13. The vehicle-body front structure of a vehicle of claim

12, wherein

the U-shaped cross section comprises a pair of upper-

and-lower flange portions extending in the vehicle
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longitudinal direction and joined to a side face of each
of the front side frames which is located on an outward
side in the vehicle width direction,

wherein a front end of the upper flange portion of each of
the first projection portions is located on a vear side of
a front end portion of a side wall portion of the first
projection portion in the vehicle longitudinal divection.

14. The vehicle-body front structure of a vehicle of claim

12, wherein

the crash cans and the first projection portions are
arranged to overlap each other in the vehicle width
direction.

15. The vehicle-body front structure of a vehicle of claim

12, wherein

each of the first projection portions in said vehicle lon-
gitudinal direction with the front side frames make up
a second closed cross section.

16. The vehicle-body front structure of a vehicle of claim

12,

wherein a front end of each of said first projection
portions is located at the same position, in the vehicle
longitudinal direction, as a connection portion of said
crash cans to said front side frames ov located in back
of said connection portion.

17. The vehicle-body front structure of a vehicle of claim

12, wherein

the U-shaped cross section comprises a pair of upper-
and-lower flange portions extending in the vehicle
longitudinal divection and joined to a side face of the
front side frames which is located on an outward side
in the vehicle width divection, an upper wall portion
extending outward from a lower end of the upper flange
portion, a lower wall portion extending outward from
an upper end of the lower flange portion, and a side
wall portion interconnecting outward end portions of
the upper wall portion and the lower wall portion,

wherein the upper wall portion slants upward toward the
inner side in the vehicle width dirvection, and

the lower wall portion slants downward toward the inner
side in the vehicle width dirvection.

18. A vehicle-body front structure of a vehicle, compris-

Ing:

a bumper beam having end portions, said bumper beam
being provided at a front portion of a vehicle body and
extending in a vehicle width divection;

a pair of right-and-left front side frames extending in a
vehicle longitudinal direction, front end portions of
which are connected to the end portions of the bumper
beam via crash cans, said front side frames each
including a front side frame inner portion and a front
side frame outer portion, each said front side frame
inner portion with said front side frame outer portion
defining a closed cross section;

a first projection portion projecting outward, in the
vehicle width divection, from each of the front side
frame outer portions,

a sub frame arranged below said front side frames, and a
second projection portion projecting outward, in the
vehicle width divection, from said sub frame, and

an outward end of the first projection portion is more

outward than an outward end of the second projection

portion.
19. The vehicle-body front structure of a vehicle of claim

18, wherein
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the crash cans and the first projection portions are
arranged to overlap each other in the vehicle width
direction.
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