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(57) Abstract: A vehicle body front structure (10) includes a front side mem-
ber (12), a crush box (14), a bumper reinforcement (16), a spacer (42) and a
stepped portion (54). The spacer has an engaging portion (48) and protrudes
rearward in a longitudinal direction of a vehicle from an extending pottion
(40) formed outside in a width direction of the vehicle relative to a connected
portion of the bumper reinforcement,, the connected portion being connected
to the- crush box. The stepped portion is formed on a part of a side wall por -
tion of the front side member. The stepped portion is provided behind the en-
gaging portion in the longitudinal direction of the vehicle apart from the en-
gaging portion. The stepped portion is configured to engage with the enga-
ging portion when the crush box is deformed in the longitudinal direction of
the vehicle.
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VEHICLE BODY FRONT STRUCTURE
BACKGROUND OF THE INVENTION

1. Field of the Invention

- [0001] The present invention relates to a vehicle body front structure.

2. Descrlptlon of Related Art
- [0002] There has been a vehicle body front structure 1nclud1ng a front side

member a crush box provided on the front 51de of the front side member in the |

'longltudlnal direction of the Vehlcle and a bumper remforcement ﬁxed to a front end

portion of the front side member via the crush box.

| [0003]. Moreover, in this kind- of vehicle body front structures, there is one
including a first protruding portion that ‘extends outward in the width direction of the
vehicle from a lateral side of the front side member and a second.protruding portion that
protrudes to the back side of the vehicle from an extending portion formed outside in the
width direction of the vehicle relative to a portion cornected to the crush box in the
bumpér reinforcement (see, for example, 'Jépanese Patent Publication Nc;. 2012-228907 (JP
2012-228907 A)). | ’

[0004] " In the vehicle body front structure described in JP 2012-228907 A,’ for
example, when a collision'ioad acts on the extending portion from the front side of the
vehicle in the event of short overlap collision, the second protruding portion moves to the
back side of the vehicle in.accordance with compressive defdrmatidn. of the crush box, and
this second protruding portion interferes with the first protruding portion. |

- [0005] - HoWever, in the vehicle body front structure described in JP 2012-228907 i
A, two members of the first protruding portiori and the second protruding portion are used '
to transmit the collision load. Due to this, the weight of a vehicle body front increases. |

[0006] Moreover, in the vehicle body front structure deséribed in JP 2012-228907

A, the first protruding portion and the second protruding portion are pro.vided on the lateral
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side of the crush box and the front side member. Accordingly, a space is needed on the

lateral side of the crush box and the front side ,rnembe'r. Further, since two members of

 the first protruding portion and the second protruding portion are used, the :weight of the -

vehicle body front part increases.

SUMMARY OF THE INVENTION

[0007] The present invention provides a vehicle body front structure that achieves
weight saving of at Vehicle body front part. Moreover, the present invention provides the
vehicle body front structure that achieves space savmg on the lateral side of the crush box
and the front s1de member as well as weight saving of the Veh1cle body front part.

[0008] A vehicle body front structure accordmg to a first aspect of the present
invention includes a front s1de member, a crush box, a bumper relnforcement, a spacer, and
a stepped portion. | The front side member extends in a longitudinal direction of a vehicle.
The crush box is provided on a front side of the front side member in the longitudinal

direction of the vehicle and has lower compression strength than compression strength of

- the front side member in the longitudinal direction of the vehicle. The bumper

reinforcement extends in a Width direction of the vehicle and is fixed to a front end portion
of the front side member via the crush box. The $pacer has an engaglng portlon and
protrudes rearward in the 10ng1tud1nal dlrectlon of the vehlcle from an extending portion
formed outside in the width direction of the vehicle relative to a connected portion of the
burnper reinforcement, the connected portion being connected to the crush box. The
stepped portion is formed on a part of é side wall portion of the front side .member, that is

provided behind the engaging portion in the longitudinal direction of the vehicle to be apart

. from the engaging portion, and that is configured to engage with the engaging portion

when the crush box is d_eformed in the longitudinal direction of the vehicle.

| [0009]  According to the above vehicle body front structure, struotures for
transmitting a collision load from the spacer to the front side member are the engaging
portion formed on the spacer and the stepped portion formed on a part of the side wall

portion forming the front side member. Consequently, compared to the structure having
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the first protruding portion protruding to the back side of the vehicle from the extending
portion and the second protruding portion protrudmg outward in the width direction of the
vehicle from the front side member as in the related art, a simple structure can be achieved,
which achieves weight séving of the vehicle body front part.

| 10010} In the first aspect of the pres‘ent invention, the.recess méy be recessed
inward irl the width direction of the vehicle is forrhed on the side wall portion. The
stepped portion may be formed by a wall portion of a back side of the recess in the

longitudinal direction of the vehicle. Th‘e pair of guide pQrtions‘mﬁay be formed on the

' recess, the guide portions extending forward in the longitudinal direction of the vehicle

from both end portlons of the stepped portion in a vertical dlrectron of the vehicle.

[0011] According to the above Vehlcle body front structure a pair of guide
portions extending to the front side of the Vehlcle from bot_h ends in the vertical direction
of the vehicle of the stepped portion is formed: on a side wall portion of the front side
member outside in the width direction of the vehicle. Accordingly, the e‘ngaging.pertion

can be guided by the pair of guide portions so that the eng‘agingv portion can be smoothly

engaged with the stepped portion. Moreover, by forming a recess that is recessed inward

in the width direction of the vehicle on the side wall portion, the stepped portion and the

pair of guide portions can be formed on the side wall portion, and thus the stepped portion

and the pair of guide portions can be easily formed.

‘ [0012] - " In the first aspect of the present invention, a distance between the -
engaging pertion and the stepped portion along the longitudinal direction of the vehicle
rrlay be a eompression stroke of the crush box or more. |

[0013] In this vehicle body front structure for example, the collision load acts on
the extendmg port1on from the front srde of the vehicle body in the event of short overlap
collision, the crush box is subj'ected to the compressive deformation. Here, the distance
between the engagtng portion formed on the spacer and the stepped portion formed on the |
front side member along the longitudinal direction of the vehicle is a compression stroke of
the crush box or more. , Consequerltly, in the event of the compreesive defermation of the

crush box, the movement of the spacer toward the back side of the vehicle relative to the
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front side member is allowed. Accordingly, in an initial stage of collision, collision

energy can be absorbed by the compressive deformation of the crush box.

[0014] Moreover, when the collision isl progressed and the C_fuéh box,. is subjected
to the compressive deformation, the engaging portjon formed on the spacer is engaged with -
the stepped portion formed on the front side member. Also, since the engaging portion is
thus engaged with the stepped portion, the movement of the spacer toward the back side of
the - vehicle relative to the front side member is inhibited, and the collision load is
transniitted from the spacer to the front side member via the engaging portion and the
stepped portion. Consequenﬂy, at the state where the collision is progressed, an axial
load (reaction fbrce) can be increased by the front side member.‘ ‘

[0015] In the first ‘aspect of the preéent invention, a dié;tance between the
engaging portion and the stepped portion along tbe longitudinal direction of the vehicle .
may be a compresston stroke of the crush box of more. | o

[0016] According to the above vehicle body front structure, the distance between
the engaging portion and the stepped portion along the longitudinal direction of the vehicle
is equal to the compreesion stroke of the crush box. Accordingly, during the compressive

deformation of the crush box, the engaging portion is maintained to be apart from the

“stepped portion. Consequently, limitation of the movement of the spacer, before the crush.

box is subjected to the cor_apressive deformation, toward .the_ back .side qf the‘vehicle_'
relative to the front side member can be inhibited. Therefore, in an iriitial stage of
collision, the collisiob energy can be absorbed by the crush box more efficiently.

[001’7] In additien, after the compressive _defomiatibri‘ of the crush box, the -

engaging portion is engaged with the stepped portion, so that the movement of the spacer

. toward the back side of the vehicle relative to the front side member is inhibited.

Consequently, while an axial load is exerted by-the front side member immediately after

the compressive deformation of the crush box, the collision energy can be absorbed by the

front side member more efficiently. . A
[0018] ~ In the first aspect of the present invention, the stepped portion may be

formed on the side wall portion. Furthermore, a reinforcement patch may be attached on
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an inner face of the side wall portion in the Width direction of the vehicle to overlap with
the stepped portion. |

[0019] According to the above vehicle body front structure, on an inner face of
the side wall portion in the width direction of the vehicle, a reinforcement patch is attached
to overlap with the stepped portion. Consequently, rigidity of a peripheral portion of the
stepped portion can be improved by this reinforcement patch. | Therefore, in a state that
the engaging portion is vengaged‘ with the stepped portio_h, the collision load can be
transmitted from the spacer to the front side member more efficiently.

[0020] In the first aspect of the present invention,. the front side member may

1

_include a front side member inner and a front side member outer. © The front side member

inner has a hat-shaped érpss-section opengd outward in the width direction of the vehicle.
The front side member outer is placed outside relative to the front side member inner in the
width direction of the Vehicle. An upper end portion of the reinforcement .patch may be
coupled to upper end portions of the front side member inner and the front side member
outer. A lowér end portioh of the reinforcement patch may be coupled to lower end
portions of the front side member inner and the front side member outer.

[0021] According to the abové_ vehicle body front structure, the upper end portion

of the reinforcement patch is coupied to the upper end portions of the front side member

inner and the front side member outer. Furthermore, the lower end portibn of the

reinforcement patch is coupled to the lower end portions .of the front side member inner
and the front side member outer. Accordingly, in the state that the engaging portion is

engaged-with the stepped portion, the collision load transmitting in the spacer can be

~ transmitted to an edge line of the front side member inner via the upper end portion and the

lower end portion of the reinforcement patch. . Because of this, the axial load (reaction
force) by the front side member can be further increased. » | |
[0022] As explaiﬁed in detail above, according to the first aspéct of the present
‘inv_entioh, weight saving of the yehicle quy front pan can be achieved.
[0023] A vehicle body front structure according to a second aspéct of the present

invention includes a front side member, a crush box, a bumper reinforcement, a spacer, and
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a p'in portion. The front side member extends in a longitudinal direetion of a vehicle.
The crush box is providedb on a front side of the front side member in the longitudinal
direction of the vehicle and has lower eompression strength than compression strength of
the front side member in the longitudinal direcﬁon of the vehicle. The bumper
reiflforcement extends in a width direction of the vehicle and is fixed to a front end portion
of the front side m’ember vie the crush box. The spécer protrudes fearward in the
longitudinal direction of the vehicle from an extending portion formed outside in the width
direction of the v'ehicle relative to a connected portion of the bumper reinforcement, the \.
connected portion being corine,cted to the crush box. The pin portion is configured to

inhibit the spacer from moving rearward relative to the front side member in the

‘longiytudinal direction of the vehicle. The slit that extends in the longitudinal direction of
 the vehicle is formed on at least one of the front side member and the spaeer. The pin

“portion is inserted into the slit. The pin portion is configured to move in the slit in

accordance with compressive deformation of the crush box Wheq a collision load acts on
the extending portion from a front side of the vehicle. The pin portion is engaged with an
end portion of the elit after the compressive deermetion of the crush box.

[0024] According'to the above vehicle body front structure;_when the collision
load ecte on the extending portion from the fronf side of the vehicle in the event of short

overlap collision, the crush box is subjected to the compressive deformation. Moreover,

in this case, the pin portion relatively moves in the slit in accordance with the compressive

deformation of the crush box and the movement of the spacer toward the back side of the
vehicle relative to the front side member is allowed. Accofdingly, in an initial stage of |

collision, the collision energy can be absorbed by the compressbive deformation of t}‘le'crush

box.

[0025] On the ether hand, after the compressive deformation of the crush box

with the progress of the collision, the pin portion is engaged with an end portion of the slit,

" so that the movement of the spacer rearward in the longitudinal direction of the vehicle

relative to the front side member is inhibited. Moreover, via the pin portion and the end

portion of the slit, the collision load is transmitted from the spacer to the front side member.
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- Accordingly, at the stage that the collision is progressed, an axial load (reaction force) can

be increased by the front side member.

[0026] Here, structures for transmitting the collision load from the spacer to the

- front side member described above are the slit formed on at least one of the front side

member and the spacer and the pin portion inserted into the slit. Consequently, compared

to the structure having the first protruding portion protruding to the back srde of the vehrcle

from the extending portlon and the second protruding portion protruding outward in the

width direction of the vehicle from the front side member as in the related art, a s'imple‘
structure can be achieved, which achieVes space saving on the lateral side of the crush box
and the front side mermber and weight saving of the vehicle body front part.

[0027] In the second aspect of.the 'preéent invention, the pin portion may bei
configured to move in the slit during the compressive deforrnatron of the crush bbx, and
after the compressive deformatiorl of the crush box, the pin portion may be engaged with
the end portion of the slit to inhibit the spacer from moving rearward rélative_ to-the front
side member. |

‘[0028] , According to the above vehicle body front structure, the pin portion
relatively mO\}es with respect to the slit during the compressive deformation of the crush

box. Accordingly, limitation of the movement of the spacer, before the compressive

| . dcformatiorl of the crush box ‘toward the back side of the vehiclc relative to the fro'nt side

 member can be inhibited. Thus, in an 1n1t1al stage of the collision, the colhs1on energy _

can be absorbed efﬁ01ently by the crush box.

[0029] Mor_eover, after the compressive deformation of the crush box, the pin
portion is engaged with an end portion of the slit, so that the movement of the spacer
toward the back side of the vehicle relative to the front side member is inhibited.
Accordingly, while the axial load is exertcd by the front side member immediatcly after the

compressive deformation of the crush box, the collision energy can be efficiently absorbed

" by the front side member.

[0030] In the second aspect of the present iriverrtion, the slit may be formed on

one of the front side member and the spacer.
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[0031]  According to the above vehicle body front structure, since the slit is

formed on one of the front side member and the spacer, the structure of the other of the

| front side member and the spécer can be simplified.

[0032] In the second aspect of the present invention, the slit may include a first

 slit formed on the front side member and a second slit formed on the spacer.

[0033]  According to the above vehicle body front structure, the slit has a first slit

formed in the front side member and a second slit formed in the spacer; Accordingly,

‘ compared to thé{ case where the slit is formed in one of the front side member and the

spacer, the length of. the slit formed in the front side member and thé spacer can be
shortened.  This ensures rigidity of the front side mémber and the spacer.

[0034].  As described in detail above, according to the second aspecf of the present
invention, space‘ séﬁng on the lateral side of the crush box and the front side member as

well as weight saving of the vehicle body front part can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS.
' [0035] ‘Features, advantages; and technical and industrial significance of

exemplary embodiments of the invention will be described below with reference to the

- accompanying drawings, in which like numerals denote like elements, and wherein:

_ ' FIG 1 is a perspggtive view of ‘a vehicle body front strucﬁ_lre of a first embodiment N
according to thevp‘resent invention;
FIG. 2 is a drawing that explains a state of short overlap collision in the vehicle body
front structure shown in FIG. 1 in a plain Vie'w; |
- FIG. 3 is a drawing that explains a state of short overlap collisi‘on in the vehicle body
front structure shown in FIG. 1 in a front cross;sectional view;
F1G. 4 is a side view of a pefipheral portion/of a recess of a front side member shown
in FIG. 1; | |
FIG. 5 is a perspective view of a reinforcement patch shown in FIG. 1;
FIG. 6 is a drawing that shows the relationship between an elapsed time and an axial

load in the event of short overlap collision in the vehicle body front structure shown in FIG.
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FIG 7isa perspective view of a vehicle body front structure of a second émbodiment
according to the present invention;

FIG 8 isa dr‘awing that explains a state of short overlap collision in the vehicle body
front structure shoWﬂ in FIG. 7 in ‘é plain view; |

FIG 9is a drawing that explains a state of a peripheral portion of a slit and a .bolt
shown in FIG.' 8 in a planar c‘ross-sectional view;

FIG. 10 is a drawing that shows the relationship between the elapsed time and an
é’xial load in the event of‘ short overlap collision in the vehicle body front structure shown
in FIG 7; '

FIG. 11 is a drawing that shows the first alternative embodiment of the vehicle body
front structure of the second embodimentv accordingx to the present invention; and

FIG. 12 is a drawihg that shows the second alternative erﬁbodiment 0f~ the vehicle

body front structure of the second embodiment according to the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0036] Hereinafter, a first embodiment according to the present invention willlbe
explained with reference to the drawings,-

[0037] Incidentally, an arrow UP, an arrow FR and an arrow OUT‘shown in each

~ drawing that will be explained hereinafter respectively show an upper direction in a

vertical direction of a vehicle, a front direction in a longitudinal direction of the vehicle
and an outer direction in a width direction of the vehicle (left side of the vehicle body).
[0038] A vehicle body front structure 10 of the first embodiment according to the

present invention shown in FIG. 1 is, for example, to be applied to a vehicle body front part

- of vehicles such as a passenger vehicle, and includes a front side member 12, a crush box

14 and a bumper reinforcement 16.
.[0039] The front side member 12 is provided outside in the width‘direction of the
vehicle relative to a center portion of the vehicle body front part in the width direction of

the vehicle, and extends in the longitudinal direction of the vehicle. As shown in FIG. 2,

9
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6n the vehicle body front part of the vehicle to whic_h the vehicle body front structur.e 10 is.
applied, an engine compaﬁment 18 on which a power source such as an engine is placed is
mounted, and thé front side member 12 is provided to overlap with the engine
compartment 18 in the Jongitudinal direction of the vehicle. |

\ - [0040] : The engine compartment 18 is separated from a cabin 22 by a dash panel
20 placed setting tﬁé longitudinal direction of the vehicle as a thickness direction of the
dash panel 20. On a side portion of the cabin 22, a locker 24 éonstituted by a framework
member extending in the longitudinal d‘irecfion of the vehicle is molmted. Moreover, the
front side member 12 descr_ibed above includes a front side member inncr 26 and a front
side member outer 28 divided in the width direction of the vehicle.

[0041] As shown in FIG. 3, the front side member inner 26 has a hat-shaped

cross-section opened outward in the width direction of the vehicle. That is, the front side
- member inner 26 has an upper wall portion 30, a lower wall portion 31, a side wall portion

32, an upper flange 33 and a lower flange 34. The upper wall portion 30 and the lower

wall portion 31 are apart from each other in the vertical direction of the wvehicle, and the
side wall portion 32 connects inner ends of the upper wall portion 30 and the lower wall
portion 31 in the width direction of the vehicle. The upper flange 33 extends to the upper

side of the vehicle from an outer end of the upper wall portion 30 in the width direction of

" the vehicle, and the lower flange 34 extends to the lower side of the vehicle from an outer

20

25

end of the lower wall portion 31 in the width direction of the vehicle.

- [0042]  An edge linei 35 is formed on‘ a corﬁer portion between the upper wall
porti‘on 30 énd the upper flange 33, and an edge line 36 is forrhed on a éorner ponion
between the lower wall portion 31 and the lower flange 34. Moreovér, a corner portion |

between the upper wall portion 30 and the side wall portion 32 is chamfered and a pair of

" edge lines 37 is formed on both end portions of the chamfered portion. Likewise, a

corner portion between the lower wall pbrtion 31 and the side wall portion 32 is chamfered
and a pair of edge lines 38 is formed on both end portions.of the chamfered portion. The-
plurality of edge lines 35 to 38 respectively extend in the longitudinal direction of the

vehicle.

10
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[0043]  The front side member outer 28 is formed to be planar and placed outside

in the width direction of the vehicle relative to the front side member inner 26. As shown

- in FIG. 4, an upper end portion and a lower end portion of the front side member outer 28

are respectively connected to the upper flange 33 and the lower ﬂange 34. Since the front

" side member inner 26 and the front side member outer 28 are thus connected, a cross .

seCtidn of the front side member 12 seen along the longitudinal direction of the vehicle is a
closed cross section (see also FIG. 3). |

[0044] As shown in FIG. 1, the crush box 14 is placed on the same axis as that of -

“the front side member 12 and on the front side of the front side' member 12 in the

longitudinal direction of the vehicle. This crush box 14 is fixed to a front end portion of
the front side member 12 by flange connection etc. A cross sé’ction of the crush box 14
seen along the longitudinal directioﬁ of the vehicle is substantially rectangular.

- [0045]°  Moreover, the crush box 14 is set to have lower compressive sfrength in

the longitudinal direction of the vehicle than that of the front side member 12. As means

.that sets the compressive strength of the crush box 14 lower than that of the front side

member 12, for example, dividing edge lines formed on four corners of the crush box 14
whose cross section is rectangular by a notch etc. can be applied. - Additionally, as another.

means, setting the board thickness of the crush box 14 thinner; forming thevcrush box 14

‘ v;fith a low strength material and the like may bbe appropriately selected.

. [0046] The bumper ré-infofcement 16 is formed to be ‘élongate and extends in the
width direction of the vehicle. This bumper rcihforcement 16 is fixed to a front end
portion of the front side member 12 via the crush box 14, An extending portion 40 that
extends oﬁtward in the width direction of the vehicle is formed outside in the width
direction of the vehicle relative to a portion of the bumper reinforcément 16 connected to
the crush box 14. This extending portion 40 is formed to be bent or curved to the back
side of the vehicle. |

. [0047] A spacer 42 is provided on the back side of the extending portion 40 in the
longitudinal direction of the vehicle. The spacer 42 protrudés rearward in the longitudinal

direction of the vehicle from the extending portion 40, and a rear end portion of the spacer

11



10

15

20

25

WO 2015/019167 PCT/IB2014/001483

42 reaches a front end porﬁon of the front side member 12. An opposite portion 46 is
formed on this rear end portion of the spacer 42. The opposite portion 46 is opposite an
outer side wall‘port‘ion of the front end portion of the front side member 12 in the width
direction of the vehicle. The outer side wall portion of the froht end portion of the front

side member 12 corresponds to a front end portion 44 of the front side member outer 28.

' 'Moreov'er, a corner portion formed on the rear endlof the ‘spacer 42 is formed as an

engaging portion 48.

[0048] On the other hand, a recess 50 that is recessed inward the width. direction
of the vehicle is formed on the outer side wall portion of the front side member 12 in the
width direction of the vehicle. More concretely, the recess 50 is formed behind the.front
end portion 44 of the front side member outer 28 in the longitudinal direction of the Vehicle.
As shown in FIG. 4, the recess 50 has a rectangular shape seen from the 6uter side in the

width direction of the vehicle. The recess 50 is constituted by a bottom wall portion 52, a

* stepped portion 54 and a pair of upper and lower guide portions 56. The stépped portion

54 is formed at the back side of the bottom wall portion 52 in the longitudinal direction of
the vehicle.‘ Each of the lguide portions 56 extends forward in the longitudinal direction of
tﬁe vehicle from both ends of the stepped portion 54 in the vertical direction of the vehicle. -

[0049]  As shown in FIG. 2, the Bottom wall portion 52 is inclined inward in the
width direction of 't‘helvehicle relative to the longitudinal direction of the veh_icle as the

bottom wall portion 52 goes to the backside of the vehicle. The front end portion 44 of

- the front side member outer 28 is formed in front of this bottom wall portion 52 in the

longitudinal direction of the vehicle. The bottom wall portion 52 is formed continuously

from the front end portion 44 of the front side member outer 28 in the longitudinal

direction of the vehicle.

‘[0050] - The stepped portion 54 is a part of the front.side member outer 28, and is
constituted by a wall portion of the back side of the recess 50 in the longitudinal direction
of the vehicle. A thickness direction of the stepped portion 54 is equal to the longitudihal
bdirection of the vehicle. This stepped portion 54 is atpan from the back side of the

engaging portion 48. The pair of guide portions 56 is formed by an upper wall portion
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~ and a lower wall portion of the recess 50 in the vertical direction of the vehicle. The pair

of guide portions 56 is tapered such that an interval between the guide portions 56 becomes
wider as the guide portions 56 go to the front side of the vehicle. Moreover, the interval

between the pair of guide portions 56 is secured to be longer than the lehgth of the

- engaging portion 48 in the vertical direction of the vehicle described above.

[0051] Moreover, the recess 50 having the stepped portion 54 and the pair of
gujde portions 56 is formed to have substantially the same height as that of the spacer 42
(engeging portion 48) such that the engaging portion 48 is engaged with the stepped
portion 54 in accordance with movement of the spacer 42 to the back side of the vehicle as
will be described later. A distance L1 between the engaging portion 48 and the stepped
portion 54 along the longitudinal directien of the vehicle is set to be the same (substantielly
the same) as a compfeésion stroke S of the crush box described above. The compression
stroke S in this crush box 14 corresponds to a moving distance of the front end portion of

the crush box 14 that moves to the back side of the vehicle until the crush ‘box 14 is

subjected to the compressive deformation (completely compressed).

[0052] Also, as shown in FIG. 4, on an inner face in the ‘width direction of the

- vehicle of the front side member outer 28, a relnforcement patch 60 is attached to overlap

with the stepped portlon 54. This reinforcement patch 60 extends in the vertical direction
of the vehicle to have substantially the same length as that of the front side member 12 in
the vertical direction of the vehicle.

[0053] .. An upper end portion 63 of the reinforcement patch 60 is coupled to an

‘upper flange 33 formed on the front side member inner 26 and an upper end portion 73 of

the front 51de member outer 28 in the state that the upper end portion 63 is sandwiched
between the upper flange 33 and the upper end portion 73. Likewise, a lower end portion-
64 of the reinforcement patch 60 is coupled to a lower flange 34 formed on the front side
member inner 26 and a lower end portion 74 of the front side member outer 28 in the state
that the lower end portion 64 is sandwiched between the lower flange 34 and the lower end
portion 74. Moreover, a center portion in the vertical difection of the vehicle of the

reinforcement patch 60 is welded to the front side member outer 28 in an appropriate
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portion.

[0054] = In addition, as shown in FIG. 5, a main body 66 of the reinforcement patch
60 is formed between the upper end portion 63 and the lower end portion 64, and this main v
body 66 is offset inward in the width direction of the vehicle relative to the upper end
portion 63 and the lower end portion 64 corresponding to the bottom wall portion 52 of the

recess 50 described above (see FIG. 4). Moreover, a bead 68 that extends in the vertical

direction of the vehicle and bulges outward in the width direction of the vehicle is formed

“on a rear end portion of the main body 66. As shown in FIG 4, this bead 68 abuts (or is

close to): the stepped portion 54 from the back side in the longltudmal direction of the
vehicle relatlve to the stepped portion 54.

[0055]  Moreover, although it is not particularly detailed in FIG. 4, structures such
as a stabrhzer bracket and a suspension tower mounting bracket are respectively attached
on a first mounting area 76 and a second mounting area 78 of the front side member 12.

Further, in this front side member 12, the first mounting area 76 and the second mounting

~ area 78 are made to be a high rigidity portion with the attachment of each of the structures.

On the other hand, in _the front side member 12, a range between the first mounting are 76
:and the second mounting area 78 is set to be a deformation start point 80 when the front
side merhber 12 is bent inward in‘ the width direction of the vehicle in the event of collision
as will be described later. That is, the range between the first mounting are 76 and the
second mounting area 78 is matde to be a lower rigidity area than that of the first mounting
area 76 and the second mounting area 78. |

[0056] Whilé the vehiclevbody frontb structure 10 is applied to the left side of the -
vehicle body front part-in the first embodiment of the present invention, the vehicle body
front structure 10 may be applied to the right side of the vehicle body front part.
Alternatively, the vehicle body front structure 10 may’ be applied to both the left and right
sides of the vehicle body front part. o

-[0057)  Next, an operation and an effect of the first embodiment of the present

" invention will be explained.

[0058] As shown in FIG. 2, in the vehicle body front structure 10 of the first
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embodiment according to the present invention, when, for example, the collision load from

~ acollision body 90 acts on the extending portion 40 from the front side of the vehicle body

in the event of short overlap collision, the crush box 14 is subjected to the compressive
deformation. During this compressive deformation of the crush box 14 (within the range
of the distance L1), since the -engagi’ng portion 48 does not interfere with the stepped

portion 54, the movement of the spacer 42 toward the back side of the vehicle relative to

~ the front side member 12 is allowed. Accordingly, in an initial stage of collision, as
. shown in thé._lower drawing of FIG. 2, the collision energy can be absorbed by the

compressive deformation of the crush box 14.

[0059] Esi)ecially, in this vehicle body front stfucture 10, as described above,

during the compressive deformation of the crush box 14, the engaging portion 48 is

‘maintained to be apart from the stepped portion 54. Consequently, limitation of the

movement of ‘the spacer 42, before the compressive deformation of the crush box 14,
toward the back side of the vehicle relative to the front side member 12 can Be inhibited.
There‘fore,' in the initial stage of collision, the collision energy can be efficiently absorbed
by the crush box 14. -

[0060]' . On the other hand, after the compressive deformation of the crush box 14

‘with the progress of the coIlision, as shown in the lower drawing of FIG. 2, the engaging

portion 48 is engaged with tne stepped portion 54, so that the movement of t_he spacer 42
toward tne back side of the vehicle relative to the front side member 12 is inhibited.
Moreover, the collision load is transmitted from the spacer 42 to the front side member 12
via the engaging portinn 48 and the stepped portion 54. Consequently, at the stage that
the collision is prngressed, an axial load (reaction force) can be increased by the front side
member 12. Therefore', the nmount of energy absorption in an engine compartment 18
can be incfeased. . |

[0061]\ In addition, after the crush box 14 is subjected to the compreséive
deformation as described above, the engaging portion 48 is engaged with the stepped
portion 54 and the movement of the spacer 42 towafd the back side of the vehicle relative

to the front side member 12 is inhibited. ~Accordingly, while the axial load is exerted by
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the front side member 12 immediately after the compressive deformation of the crush box

14, the collision energy can be eﬁicienﬂy absorbed by the front side member 12.

[0062]  Moreover, the above structure for transmitting the collision lo_ad from the -
spacer 42 to the front side member 12 is éonstit"uted by the engaging portion 48 forrhed on
the spacer 42 and the stepped portion 54 formed on a part of the front side member outer
28.  Consequently, combared to the structure havirig the first protruding portion

protruding to the back side of the vehicle from the extending portion and the second

protruding portion protruding to the outer side in the width direction of the vehicle from -

the front side member as in the related art for example, a simple structure can be achieved,

- which achieves weight saving of the vehicle body front part.

[0063] In addition,‘ the pair of guide portions 56 extending from the upper and
lower ends of the stepped porﬁon 54 in the vertical direction of the véhicle toward the front
side of the vehicle. is formed on the froﬂt_ side member outer 28. Accordingly, the
engaging portion 48 can be guided by the pair of guide portions 56, so that the engagihg
portion 48 can be smoothly engaéed with the stepped portioh,54. Moreover, the stepped
porﬁo‘n 54 and the pair of guide portions 56 can be formed 0;1 the front side member outer
28 by formihg the reéess 50 on the front side member’outer 28, the recess 50 being
recéssed inward in the Width direction of the vehicle. Thus the stepped portion 54 and the
pair of guide portions 56 can be easily formed.' _ - | |

[0064]) Alsb, the reinforcement patch 60 is.attached on the inner faée.of the front
side rﬁember outér 28 in the width direction of the vehicle to“ overlap with the stepped

portion 54.. Consequéntlgfj rigidity ofa per,ipheral' portion of the stepped portion 54 can be

, impfoved by this reinforcement patch 60. Therefore, in a state that the engaging portion

48 is engaged with the stepped portion 54, the collision load can be transmitted from the
spacer 42 to the front side member 12 more efficiently.
| [0065] Moreover, the upper end portion 63 of the reinforcemerit patch 60 is

coupled to the upper flange 33 formed on the front side member inn‘er‘ 26 and the upper end

~ portion 73 of the front side member outer 28 in the state that the upper end portion 63 is

sandwiched between the upper flange 33 and the upper end portion 73. Likewise, the
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lower end portion 64 of the reinforcement patch 60 is coupled to the lower ﬂange 34
formed on the front side member inner 26 and the lower end portion 74 of the front side
member outer 28 in the state that thé lowef end pénion 64 is sandwiched between the
lower flange 34 and the lower end portion 74.  Accordingly, in the state that the engaging

portion 48 is engaged with the stepped portion 54, the collision load transm_itting' via the

| spacer 42 can be transmitted to the edge lines 35 to 38 of the front side member inher 26.

. Thus, the axial load (reaction force) by the front side member 12 can be further increased.

- [0066] Moreover, in the event of slight collision in which a less collision load

‘than a load that is defined with respect to short overlap collision acts, since the engaging

portion 48 is maintained' to be apart from the stepped portion 54, the crush box 14 can be

subjected to the compressive deformation while deformation of the front side member 12 is
. i

inhibited. That is, the compression stroke of the crush box 14 can be maintained.

Therefore, the collision energy in the slight collision can be absorbed.

[()_067] _ Also, in this slight collision, the compressive deformation is performed
only to the crush box 14, and deformation of the fro‘nt‘ side member 12 can be inhibited. =
Consequently, repair of the ffont side member 12 at the time of the slight collision can be
avoided. , | |

[0068]. Additionally, in a case where, in the state that the engaging portion 48 is
engaged wifh the stepped poﬁion 5_4 as shorwn' in the lower drawing of FIG. 2, the collision
is further progressed and the rear end portion of the spacer 42 moves within a range of a
disténce L2 (a distance from‘ the dash panel 20 along the longi’tudinal direction of the
vehicle) téward the back side of the vehicle, the collision load is transmitted from the
spacer 42 to the front side member 12 via the engaging portion 48 and the stepped portion
54.  After that, the front side member 12 is subjected to the compressive deformation ,
while exerting the axial load (reaction force).

[0069]  Also, in this instanc'e, in accordance with bending of the extending portion

40 inward in the width direction of the vehicle, the opposite portion 46 formed on the rear

~ end portion of the spacer 42 abuts the bottom wall portion 52 of the recess 50, and a load

toward the inner side in the width direction of the vehicle acts on the front side member 12
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from the rear end portion of the spacer 42. Further, the front side member 12 is bent
inward in the width direction of the vehicle at the deformation start point 80. In this way,

the front side member 12 absorbs the collision energy when the front side member 12 is

“subjected to the compressive deformation while exerting the axial load and bent inward in

the width direction of the vehicle.

[0070]  Here, FIG. 6 shows the relationship between an elapsed time and the axial

- load in the event of short overlap collision in the vehicle body front structure 10 of the first

embodiment according to the present inventioh. In FIG 6, the abscissa axis shows the
elapsed time [s], and the ordinate axis shows the axial load -of the crush box 14 and the
front side member 12 shown in FIG. 1, that is, a reaction force to a collision body [kN].

- [0071] ‘Also, a solid line graph G1 shows about the first embodiment, and a

dashed line graph G2 shows about a comparable example. The comparable example has

+a structure that the recess 50 shown in FIG. 1 is omitted from the first embodiment of the

present invention.
[0072]  Moreover, a period T1 of FIG. 6 shows a time that the rear end portion of

the spacer 42 moves within the range of distance L1 while the crush box 14 shown in FIG.

~1is subjécted to the éompressive deformation, and a period T2 of FIG. 6 shows a time that

the rear end-pOrtidn of the spacer 42 moves within the range of distance L2 after the cruéh_

box 14 shown in FIG. 1 is subjected to the compressive_de_formation. Additionally, when -
the rear end portion of the spacer 42 moves within the range of distance L2, a not shown
front wheel abuts the locker 24. A period T3 of FIG. 6 shows after the time when the nbt
shown front wheel abuts the locker 24. That is, in the periods T1 to T2, energy is

absorbed in the engine compartment 18, and in the period T3, energy is absorbed in the

cabin 22.

[0073] As shown in FIG. 6, in the period T1, the first embodiment of the present

‘invention and the comparative example show similar axis loads.© On the other hand, in the .

period T2, the axial load in the first embodiment of the present invention increases
compared to the axis load of the comparative example. Accordingly,‘ as clear from FIG. 6,

according to the first embodiment of the present invention, it can be said that at the initial
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stage of collision, the collision energy can be absorbed by the compressive deformation of
the crush box 14, and at the stage tbat the collision is progressed, the axial load (reaction
force) can be increased by the front side member 12.. |

[0074] Next, an alternative embodiment of tbe first embodiment of the present
invention will be explained. |

[0075] In the first embodiment of the present in\rention,, the spacer 42 is
separately formed from the bumper reinforcement lb. However, the spacer 42 may be
formed mtegrally with the bumper reinforcement 16. -

[0076] . Moreover, in the first embodiment of the present invention, the stepped

portion 54 is formed' on the front side member outer 28 by forming the recess 50 on the

‘front side member outer 28. However, the stepped portion 54 may be formed on the front

side member outfer.28 without forming the recess 50 on the front side member outer 28.
[0077] In addition, the distance L1 between the engaging portion 48 and the
stepped portion 54 along the longitudinal directibn of the vehicle is set to be the same
(substantially tbe same) as the compresSion stroke S in the crush box 14. In this way, it is
desirable to set the distance L1 to be the same ers the compression stroke S.  However, the

distance L1 may be set the same as the compression stroke S or more as long as the

movement of the spacer 42 toward the back side of the vehicle relative to the front side

member 12 can be inhibited after the crush box 14 is subjected to the compressive

deformation.

[0078]  As described above, while the first embodiment of the present invention
has been explained, the present invention is not limited to the above and can be executed
with various modification other than the above without departing'from the gist of the
present invention.

[0079] ‘ Hereinafter, a second embodiment of the present invention will be
explained with reference to the.drawings;

[0080] Incidentally, an arrow UP, an arrow FR and an arrow OUT shown in each

drawing that w1ll be explained hereinafter respectively show the upper drrectlon in the

~ vertical direction of the vehicle, the front direction in the longitudinal direction of the
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vehicle and the outer direction in the width direction of the vehicle (left side of tne
vehicle). , |

[0081] A vehicle body front structure 100 of the second embodiment according to
the present invention shown in FIG. 7 is to be applied to, for example, a vehicle body front
part of a vehicle such as a passenger vehicle, and includes a front side member 112, a crush
box 114 and a bumper remforcement 116.

[0082) = The front side. member 112 is prov1ded outside in the w1dth direction of

- the vehicle relative to a center portion of the vehicle body front part in the width direction

of the vehicle, and extends in the longitudinal direction of the vehicle. As shown in FIG.

'8, in the vehicle body front part of the vehicle to which the vehicle body front structure 100

is applied, an engine compartment- 118 on which a power source such as an engine is
placed is mounted, and the front side member 112 is provided to overlap with the engine
compartment 118 in the longitudinal direction of the vehicle. ‘ ‘
[0083] The engine compartment 118 is separated from a cabm 122 by a dash
panel i20 plaeed setting the longitudinal direction of the vehicle as the thlckness. direction
of the dash panel 120. A locker 124 constituted by a framework member extending in the
longitudinal direction is mounted on the side portion of the.vcabin 122.  Moreover, the
front side mernber 112 described above includes a front side member inner 126 and a front
side member outer 128 divided in the width dlrectlon of the vehlcle .
[0084] As shown in FIG. 7, the front side member inner 126 has a hat- shaped
cross-section opened outward in the w1dth direction of the vehicle. That is, the front side
member inner 126 has an upper wall portion 130, a lower wall portion 132, a side wall

portion 134, an upper flange 136 and a lower flange 138. The upper wall port_ion 130 and

- the lower wall portion 132 are apart from each other in the vertical direction of the vehicle,

and the side wall portion 134 connects inner ends in the width direction of the vehicle of

the upper wall portion 130 and the lower wall portion 132. “The upper flange 136 extends
to the upper side of the vehicle “from an outer end in the width direction of the vehicle of
the upper wall portion 130. The lower flange 138 extends to the lower side of the vehicle

from an outer end in the width direction of the vehicle of the lower wall portion 132.
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[0085] The front side member outer 128 is formed to be planar and placed outside
in the width direction of the vehicle relative .to the front side member inner 126. | An

upper end portion and a lower end portion of the front side member outer 128 are

” respectively connected to the upper flange 136 and the lower flange 138. Since the front’

side member inner 126 and the front side member outer 128 are thus connected, a cross

section of the front side member 112 seen along the longitudinal direction of the vehicle is

a closed cross section. ‘
[0086] The qrush box 114 is placed on the same axis as that of the front side
member 112 and on the front side of the front side member 112 in the longitudinalL

direction of'.the vehicle. This crush box ‘114 is fixed to a front end portion of ‘the front

-side member 112 by flange connection etc. A cross section of the crush box 114 seen

along the longitudinal direction of the vehicle is substantially rectangular.

- [0087] Moréover, the crush box 114 is set to have lower compressive strength in

" the longitudinal direction of the vehicle than that of the front side member 112.  As méans

that sets the compressive strength of the crush box 114 lower than that of the front side

 member 112, for example, divi'ding edge lines formed on four corners of the crush box 114

whose cross section is rectangular by a notch etc. can be applied.  Additionally, as another -

means, setting the thickness of the crush box 114 thinner, forming the crush box 114 with a

low strength material and the like may be appropriately selected.

[0088] The bumper reinforcement 116 is formed to be eiongate and extends in the
Width direction of the vehicle. This bumper reinforcement 116 is fixed to a front end -
portion of the front side member 112 via the crush box 114. * An extending portion 140
that extends vto' the outer side in the width direction of the vehicle is formed outside in the
width direction of thé vehicle relative to a }Sdrtion of thé bumper reinforcement 116

connected to the crush box 114. This extending portion 140 is formed to be bent or

- curved to the back side of the vehicle.

[0089] A spacer 142 is provided on the back side o f the vehicle of the extending
portion 140. The spacer 142 has a roughly triangular shape seen from a planar view

having a peak on its rear end portion and the base on a front end portion. The spacer 142
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protrudes from the extending portion 140 to the back side of the Vc;hicle. A side wall
portidn 146 on the inner side of the spacer 142 in the width direction of the vehicle.is
formed along a side wall portion 148 on the outer side of the crush box 114 in the width
direction of'the vehicle (sée also FIG. 8). Moreover, a rear end portion of the épacer 142
reaches a front- end portion of the front side member 112.

[0090]  As shown in FIG. 9, upper and lower load transmissioh adjustment
portions 150 are provided on a side wall poftion of the front side member 112 (ffont side
member outer 128) outside in the width direction of the vehicle and the side wall portion

146 of the spacer 142 inside in the width direction of the vehicle. Each load transmission

-adjustment portion 150 is to adjust the timing of load transmission from the spacer 142 to

the front side member 112 as will be described later, and includes a hole 152 formed on the

front side member outer 128, a slit 154 formed on the side wall portion 146 of the spacer

142, a bolt 156 and a nut 158. The bolt 16 may be regarded as a pin pofti_on of the present

 invention.

[0091] ‘T he slit 154vextends in the longitudinal direction of the vehicle, and the
bolt 156 is sequentially inserted into a rear end portion of the slit 154 énd the hole 152
from the outer si'de in the w'idth'dire.ction of the Vehiéle.' The bolt 156 is fixed to the front
side member 112 With its insertion into the hole 152. The nut 158 is threaded into a distal

end portioh of the bolt 156 from the inner side in the width dir_ection of the vehicle,

-whereby the spacer 142 is faste’ned.to' the front side member 112.

[0092] ~ As shown in the upper drawing of FIG. 9, in a normal state (the state that
the crush box 114 is not subjected to the compressive deforrhation), the bolt 156 is éngaged
with the rear end portion of the slit 154. A distance L11 between a front end portion of

the slit 154 and the bolt 156 along the longitudinal direction of the vehicle is set to be the

same (substantially the same) as the compression stroke S in the crush box 114 described

-above. The compression stroke S in the crush box 114 corresponds to a moving distance

of a front end portion of the crush box 114 that moves to the back side of the vehicle until
the crush box 114 is subjected to the compressive deformation (complétely compressed).

[0093] Additionally, while the case where the vehicle body front structure 10>O is
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applied to the left side of the vehicle body front part is explained in the second
embodiment of the présent invention, the vehicle body front structure 100 may be applied
to the right side of the vehicle body front part, or may be applied to both the left side of the
vehicle body front part and the right side of the vehicle body front part.

| [0094] Next, an operation and an efféét of the secénd embodiment of the present
inventioh will be explained. ‘

[0095]  As shown in FIG. 8, in thé vehicle body front structure 160 of the second
embodiment according to the present invéntion, for example, when a collision load from a
collision body 160 acts on the e;xtending portion 140 from the front side of the vehicle in
the event of short OVerlap collision, the crush box 114 is subjected to the compressive
deformation. During this compressive deformation of the ctush box 114 (within thé range |
of the distance L11), the bblt' 156 relatively moves in the slit 154,-so thét the movemeﬁt of
the spacer 142 toward the back side of the vehicle relati\}e to the front side member 112 is
allowed. Accordingly, in an initial stage of the collision,.as shown in ;he 1ower drawing
of FIG 8, the collision energy can be absorbed by the compressive deformation. of the
crush box 114; ‘

[0096] Especially, in this vehicle body front structure 100, as described above,
during .the compressive deformation of the crush box 114, the pin portion relatively movés
in ‘the_ sli_t 154. Accordingly, limitation of the movement of the spacer 142, before the
compressive deformation‘ of the crush box 114, toward the back side of the vehicle relative
to the front side member 112 can be inhibited. Because of this, in the initial Stage of the
collision, collision energy can be absorbed efficiently by thé crush box 114..

[0097] - On the other hand, after the compressive deformation of the crush box 114

with the progress of the collision, as shown in the lower drawing of FIG. 8 (see also the

.‘lower drawing of FIG. 9), the bolt 156 is engaged with the front end portion of the slit 154,

so that the movement of the spacer 142 toward the back side of the vehicle relative to the
front side member 112 is inhibited. Moreover, the collision load is transmitted from the
spacer 142 to the front side member 112 via the front end portvion of the slit 154 and the

bolt 156. Accordingly, at the stage that the collision is progressed, the axial load (reaction
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force) can be increased by the front side member 112. | Therefore, the a‘mount‘of energy
absorption in the engine compartment 118 can be increased. | |

[0098]  Also, after the compressive deformation of the crush. box 114 as described
above, the'bol.t 156 is engaged with the front end portion of the slit 154, 50 that the
movement of the spacer 142 toward the back side of the vehicle relative to the front side
member 112 is inhibited. Accordingly, while the axial load is exerted by‘the front side
member 112 immediately after the compressive deformation of the crush box 114, the
collision energy can be efﬁcivéntly absorbed by the front side member 112.

[0099] Moreover, the above structure for transmitting the collision load from the
spacer 142 to the front side member 112 is constituted by the slit 154 formed on the side
wall portion 146 of the spacer 142 and the bolt 156 inserted in the slit 154., Conseqﬁently, ’
corﬁpared to the structure having the first protruding portion prétruding to the back side of

the Véhicle from the extending portion and the second proutruding portion protruding to the

outer side in the width direction of the vehicle from the front side member as in the related

art, a simple structure can be achieved, which achieves space saving in the lateral side of
the crush box 114 and the front side member 112 and weight saving of the vehicle body
front part. |

[0100] Moreover, in the event of slight collision in which a less cbllision load

than a load that 1s defined with respect to short overlap collision acts, since the bolt 156

‘relatively fndves with respect to the slit 154, , the crush box 114 can be subjected to the
compressive deformation while deformation of the front'side member 112 is inhibited.
That is,. the compression stroke of the crush box 114 can be maintained. Therefore, the
collision 'enefgy in the slight collision can Be absorbed.

0101} Also, in this slight collision, the compressive deformation is performed
only to the crush box 114, and deformation of the front side member 112 cén be inhibited.
Consequently, repair of the front side member 112 at the time of the slight collision can be
avoided. |

[0102] Moreover, the slit 154 is formed only in the spacer 142 of the front side

member 112 and the spacer 142.  Accordingly, the structure of the front side member 112
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can be simplified and rigidity of the front side member 112 can be secured.
~ [0103] Additionally, in a case where, in the state that the bolt 156 is engaged with
the front end portion of the slit 154 as shown in the lower drawing of FIG. 8 (also see the

lower drawing of FIG. 9), the collision is further progressed and the rear end portion of the

- spacer 142 moves w1th1n arange of distance L12 (a dlstance from the dash panel 120 along

the longrtudmal direction of the vehlcle) to the back side of the vehicle, the colhsmn load

is transmitted from the spacer 142 to the front 51de member 112 via the bolt 156 and the
front end portlon of the sht 154. After that the front 51de member 112 is subjected to the
compressive deforrnatlon while exerting the axial load (reaction force). ‘

- [0104] Also, in this instance, in accordance with bending of the extending portion
140 to the inner. side in the width direction of the vehicle, the rear end portion of the spacer
142 (spacer 142) abuts the front side member outer 128, and a load to the inner side in the
width direction of the vehicle acts on the front side member 112 from the rear end portlon
of the spacer 142. Further, the front side member 112 is bent to the inner side in the

width direction of the vehicle at an appropriate portion such as a deformation start point.

- that is previously set. In this way, the front side member 112 absorbs the collision energy

when it is subjected to the compressive deformation while exertirlg the axial load.and bent
to the inner side in the width direction of the vehicle. |

(0105] ~ Here, EIG. 10 shows the relationship between the elapsed time and the
axial load in the event of short overlap collision in the vehicle body front structure 100 of

the second embodiment according to the present invention. In FIG. 10, the abscissa axis

i shows the elapsed time [s], and the ordinate axis shows the axial load of the crush box 114

arrd the front side member 112 shown in FIG. 7, that is, a reaction force to the collision
body 160 [kN]. » v
[0106]  Also, the solid line graph G11 shows about the second embodiment, and

the dashed line graph GI12 shows about a comparative example. The comparative

- example has a structure that the load transmission adjustment portion 150 shown in FIG. 7

is omitted compared to the second embodiment of the present invention.

[0107]  Moreover, the périod T11 of FIG. 10 shows a time that the rear end portion
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of the spacer 142 moves within the range of distance L.11 while the crush box 114 shown
in FIG. 7 is subjected to the cofnpréssive deformation, and the period T12 of FIG. 10 shows
a time that the rear end portion of the spacer 142 moves within the range ;)f distance L12
after the crush box 114 shown in FIG. 7 is subjected to the compressive deformation.

Additionally, when the rear end portion of the spacer 142 moves within the range of

distance L12, a not shown front wheel abuts‘the locker 124. The period T13 of FIG. 10

shows after the time when the not shown front wheel abuts the locker 124.. That is, in the
periods T11 to T12, energy is absorbed ih the engine compartment 118, and in the period
T13, energy is absorbed in a cabin 122. |

[0108] As shown in FIG. 10, in the period T11, the second embodiment of the

present invention and the comparative example show similar axis loads. On the other

hand; i‘n the period T12, an axial load in the second embodimént of the present invention
increases compared to the axis load of the comparative example. Accordingly, as clear
from FIG. 10, accofding to the second embodiment of the present invention, it can be said
that at the initial stage' of collision, the collision energy can be absorbed by the
compressive deformation of the crush box 114, and in the stage that the collision is
progressed, the axial load (reaction force) can be increased by the front side mémber 112.

[0109] | Next, an alternative embodiment of - the secbnd embodiment of the presentv
invention will be exple_lingd. | |

[0110] In the second embodiment of the present invention, the -spacer 142 is

. separately formed from the bumper reinforcement 116. However, the spacer 142 may be

formed integrally with the bumper reinforcement 116.

[0111] ’ Moreover, while a pair of the upper and lbwer load transmission
adjustment portions 150 is used in the second embodiment of the present invention, one of
the load trarismission adjustment portions 150 may be used, or two or more may be
arranged with alignment in the vertical direction of the vehicle. |

[0112] Moreover, while the bolt 156 is used as one ’exe.lmple of the pin portion in
the second embodiment, a pin member other than the bolt 156 may be ‘used. as long as it

relatively moves with respect to the slit 154 while engaging with an end portion of the slit
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154. In addition, in a case where the slit 154 is formed‘ on only one of the front side
member 112 and the spacer 142, a pin member integrally formed with the other of the front
side member 112 and the spacer 142 may b¢ used.

[0113]  In addition, the distance L11 between the front end porfion of the slit 154
and the bolt 156 along the longitudinal direction of the vehicle is desirably set to be the
same (substantially thé same) as the compression stroke S in the crush box 114 as
described above. However, the distance L11 may be set as the compression stfoke S or
more as long as the movement of the spacer 142 toward the\backf side of the vehicl.e
relative to the front side member 112 can be inhibitéd after the crush box 114 is subjected
to the compfessive deformation.

[0114] Moreover,‘in the second embodiment bf the present invention, the load
transmission adjustment portion 150 may be formed as shown in FIG. 11. ~ That is, in the
alternative embodiment shown in FIG. 11,_the slit 154 is formed in the front Side member
outer 128, and the hole 152 is fbrmed on the side wall portion 146 of the spacer 142; In
addition, the ‘bolt 156 is seqﬁéntially inserted into the hole 152 and the rear end portion of
the slit 154 from the outer side iﬁ the width direction of the vehicle. The bolt 156 is fixed
to the spacer 142 with its insertion into the hole 152. _

[0115] - The nut 158 is threaded into the distal end portion of thé bolt 156 from the
inner side in _the Width direction c_>f the Vehiqle, wher‘el‘?y the spaéer 142 is fastenéd to tﬁe
front side member 112.  As shown in the upper drawin,Ac:,y of FIG. 11, in a normal state (the
state that the crush box 114 is not subjeéted to the compressive deformation), the bolt 156

is engaged with the front end portion of the slit 154. A distance L3 between the bolt 156

-and the rear end portion of the slit 154 along the longitudinal direction of the vehicle is set

to be the same (subste-l-htiallyv the same) as the compression stroke S in the crush box 114
described above. |
[0116] Even with this configuration, during the compressive deformation of the
crush box 114 (withih the rahge of the diétance L3), the boit 156 relatively moves with
respect to the slit 154, so that the movement of the spacer 142 toward the back side of the

vehicle relative to the front side member 112 is allowed. Moreover, after the compressive
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deformation of the crush box 114 with the progress of the collision, as shown in the lower
drawing of FI1G. 11, the bolt 156 is engaged with the rear end portion of the slit 154, so that

the movement of the spacer 142 toward the back side of the vehicle relative to the front

'side member 112 is inhibited. Moreover, via the rear end portion of the slit 154 and the

bolt 156, the collision 10ad is transmitted from the spacer 142 to the front side member
112. |

[0117]  Moreover, the slit 154 is formed only in the fro.nt side member 112 of the ‘
front side member 112 and the spacer 142. Accordingly, the structure of the spacer 142
can be simplified and rigidity of the spacer 142 can be secured.

[0118] = In addition, in the alternative embodiment shown in FIG. 11, the distance
L3 between the bolt 156 and the rear end portion of the slit 154 along the longitudinal
direction of the {/ehicle is desirably Set to be the seme (substantially the same) as the
compression stroke S in the crush box 114 as described above. However, the distance L3
may be set as the compression stroke S or more as long as the movement of the spacer 142
toward the back side of the vehicle relative to the front side. member 112 can .be inhtbited
after the combressive deformation of the crush box 114.

[0119]  Moreover, in the second embodimentbof the present invention, the load

transmission adjustment portion 150 may be formed as shown in FIG. 12. That is, in the .

alternative embodiment shown in FIG. 12, the slit 154 has a first slit 166 formed in the o

front side member outer 128 and a second slit 168 formed in the side wall portion 14‘6‘ of
the spacer 142. The first slit 166 and the second- slit 168 respectively extend in the
10ng1tud1na1 direction of the vehicle. Also as shown in the upper drawing of FIG. 12, the
second slit 168 extends to the front side of the vehicle to the first slit 166. The bolt 156 is
sequentially msertedh_lnto a rear end portion of the second slit 168 and a front end portion
of the first slit 166 from the outer side in the width direction of the Ve,hicle.'

[0120]  Moreover, the nut 158 is threaded into the distal end pertion of the bolt
156 from the inner side in the width direction of the vehicle, whereby the spacer 142 is ‘
fastened to the front side member 112. “As shown in the upper drawing of FIG. 12,ina

normal state (the state that the crush box 114 is not subjected to the compressive
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deformation), the bolt 156 is engaged with the front end portion of the first slit 166 and the
rear end portion of the second slit 168.

[0121] A total distance of the first distance L4A between the bolt 156 and the rear
end portion of the first slit 166 along the longitudinal direction of the vehicle and a Sécond
distance L4B between the front end portion of the second slit 168 and the bolt 156 along
the longitudinal direction of the vehicle is set to be the same (substantially the same) as the
compression stroke S in the crush box 114 described above. |

[0122] Even with this conﬁguratién, during the compressive deformation of the
c;'ush boxl 114, sihce ‘the bolt 156 relatively moves with respect to the slit 154, the
movement of the spacer 142 toward the back side of the vehicle relative to the front side
member 112 is allowed. Moreover, after the compressive deformation of the crush box
114 with the progress of the collision, as shown in the lower drawing of FIG. 11, thé bolt
156 is engaged with the front end portion of the slit 154, so that the movement of the
spacer 142 towérd the back side of the vehicle relative to the front side member 112 is i
inhibited. Moreover, via the rear end portion of the slit 154 and the bolt 156, the collision
Joad is transmitted from the spacer 142 to the front side membef 112.

[0123] Mofeover, compéred to thg case where the slit is formed in one of the front

side membef 112 and the spacer 142, the length of the slit formed in the front side member

112 and the spacer 142 can be shortened. * This énsure;s rigidity of the front side member

112 and the spacer 142. |

[0124] In addition, in the alternative embodiment shown in FIG. 12, the. total
distance of the first distance L.4A and the second distance L4B ié desirably set to be the .
same (substantially the same) as the compression Astrolke S in the crush box 11'44 as
described above. However, the total distance of the first distance L4A and the second
distance L4B may be set as the compression stroke S or more as long as the movement of
the spacer 142 toward the back side of the vehicle relative to‘ the front side member 112
can be inhibited after the compress.ive deformation of the crush'box 114.

[0125] As described above, while the second embodiment of the present

invention has been explained, the present invention is not limited to the above and can be
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executed with various modification other than the above without departing from the gist of

the present invention.

[0126] The first embodiment and the second embodiment may be apptopri-ately

combined. For example in the first embodiment, a slit extendmg in the longitudinal

direction of the vehicle is formed at least one of the front side member 12 and the spacer
42, and a bolt may be inserted in the slit. Accordmg to this configuration, when a
collision load acts on the extending portion 40 from the front side in the longitudinal
direction of the vehicle, the bolt moves in the slit in accordance with the compressi\)e
deformation of the crush box 14. Moreover, after the compressive deformation of the E
crush box the bolt 1s engaged with an end portion of the slit. As a result, the vehicle

body front structure. 10 can transmit the collision load not only by engagement between the

engaging portion 48 and the stepped portion 54 but also by- engagement between the slit

and the bolt. | ' . .
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CLAIMS:.

1; A véhicle body front structure comprising:

a front side member that extends in a longitudir‘lal direction of a ‘vehicle; '

a crush box that is provided on a ffont side of the front side 'meml')er in the
longitudinal direction of the vehicle and has lower compression strength than éorhpression
strength of the front side member in the longitudinal direction of the vehicle;

a bumper reinforclement that extends in a 'width direction of the vehicle and is fixed to
- a front end portion of the front side member via the crush box;

a spacer that has an engaging portion and protrudes rearward in the longitudinal
direction of the vehicle from an extending portion formed outside in the width direction of |
the vehicle relative to a connected portion of the bumper reinforcement, the- connected
portion being connected to the crush box; and |

a stepped portibn that is formed on a part of a side wall pdrtion of the front side
member, that is provided’ behind the engaging portion in the longitudinal direction of the
vehicle to be apart from the engaging portion, and that is configured to engage with the
engaging portion when the .crush box is deformed in the longitudinal direction of the'

vehicle.

2. The vehicle body front structure acéording to claim 1, wherei_n

a recess that is recessed inward in the width direction of theA vehicle is formed on the
side wall portioh, “

the stepped portion is formed by a wall portion of a back side of the recess in the
‘longitudinal direction of the vehicle, and

a pair of guide pbrtions"is formed on the recess, the guide portions extending forward
in the longitudinal direction of the vehicle from both end portions of the stepped portion in

a vertical direction of the vehicle.

3. The vehicle body front structure according to claim 2, wherein
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the recess is prO.Vided at a height equal to a height of the spacer in the vertical

direction of the vehicle.

4. The vehicle body front structure according to any one of claims 1 to 3, wherein
a distance between the engaging portion and the stepped portion along the

longitudinal direction of the vehicle is a compression stroke of the crush box or more.

5. The vehicle body front structure according to claim 4, wherein
the distance between the engaging portion and the stepped portion along the

longitudinal direction of the vehicle is equal to the compression stroke of the crush box.

6.. The vehicle body front structure according to any one of claims 1 to 3, wherein
the stepped portion is formed on the side wall portion, and .
a reinforcement patch. is attached on an inner face of the side wall portion in the

width direction of the vehicle to overlap with the stepped portion.

7. The vehicle body front structure acéordihg‘ to claim 4, wherein
the stepped portion is formed on the side wall portion, and
" a reinforcement patch is attached on an inner face of the side wall portion in the

width direction of the vehicle to overlap with the stepped portion.

8. The vehicle body front structure according to claim 5, wherein
the stepped portion is formed on the side wall portion, and
a reinforcement patch is attached on an inner face of the side wall portion in the

width direction of the vehicle to overlap with the stepped portion. -

9. The vehicle body front structure according to claim 6, wherein
the front side member includes a front side member inner and a front side member

outer, the front side member inner having a hat-shaped cross-section opened outward in the
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width direction of the vehicle, the front side member outer being placed outside relative to
the front side member inner in the width directiOn of the vehicle,

an upper end portion of the reinforcement patch is coupled to upper end portions of
the front side member inner and the front side inember outer, and

a lower end portion of the reinforcement patch is coupled.to lqwei end portions of the

front side member inner and the front side member outer.

10. A vehicle body front structure, comprisirig: .
a front side miember that extends in a longitudirial direction of a Vehidé_;

a crush box that is piovided on a front side of the front side member m the
| longitudinal direction of | the yehiéle and heis lower compression strength  than |
compression strength of the front side membei in thé lonéitudinal direction of the vehicle;

a bumper reinforcement that extends in a width direction of the vehicle and is fixed to
a fr_ont end portion of the front side member via the crush box; |
a spac.er that protrudes rearward in the longitudinal direction of the vehicle from an
“ extending portion formed outside in the width direction of the vehicle relative to a
connected portion of the bumper reinforcement, the connected portion being connected to
the crush box; and ’ |
a pin portion conﬁgured‘ to inhibit the spacer from .mqving-iearward rg_lative to the
front side member in the’longitudinal direction of the vehicle, wherein
ai slit'that extends in the iongitudinal direction of the vehicle is formed on at least one
of the front side member and the spacer, |
the pin portion is inserted into the slit, |
the pin portion‘ is configured to move in the slit in accordance with compiessive
deformatii)n of the crush box when a collision load acts on the extending portion from a
front side of the vehicle, and ,
the pin portion is engaged with an end portion of the slit after the compressive

deformation of the crush box.
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11. The vehicle body front structure according to claim 10, wherein
i the pin portibn is configured to move in the slit during the compressive deformation
of the crush box, and after the compressive defofmation of the crush box, the pin portion is
engagéd with the end portion of the slit to inhibit the spacer from moving rearward relative

. to the front side member.

12. The vehicle body front structure according to claim 10 or 11, wherein

the slit is formed on one of the front side member and the spacer..

13. The vehicle body front structure according to claim iO or 11; wherein
* the slit includes a first slit. formed on the front side member and a second slit formed

on the spacer.

14. The vehicle body front structure according to claim 10 or 11, Whereih
“a distance between a front end portion of the slit and the pin portion along the
longitudinal direction of the vehicle before the compressive deformation of the crush box

is a-compression stroke of the crush box or more.

15. The vehicle body front structure according to claim 14, wherein
the distance between the front end portion of the slit and. the'pin portion along the -
longitudinal direction of the vehicle before the compressivé Adeformation of the crush box

is equal to the compression stroke of the crush box.
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