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Description

Title of Invention: VEHICLE
Technical Field

The present invention relates to a vehicle including an engine accommodated in an
engine compartment.
Background Art

PTL 1 describes a heat shield that covers the lower portion of an air cleaner ac-
commodated in an engine compartment. The heat shield protects the air cleaner from
the heat of the radiator. The radiator is arranged in front of the air cleaner. The heat
shield includes an elongated fastening hole extending parallel to the front-rear axis of
the vehicle. The fastening hole receives a fastener that fastens the heat shield to a
crossmember. Thus, when a frontal collision deforms the front portion of the vehicle,
the fastener moves in the elongated fastening hole. This moves the heat shield toward
the rear.

In the vehicle of PTL 1, the heat shield is fastened to the crossmember to be movable
in the rearward direction. Thus, when the front portion of the vehicle is deformed in a
collision, the heat shield and components fixed to the heat shield move rearward in the
engine compartment. The rearward movement of the components in the engine com-
partment allows the front portion of the vehicle to be deformed without interference

and absorbs the impact of the collision in a preferred manner.
Citation List

Patent Literature

PTL 1: Japanese Laid-Open Patent Publication No. 2007-001526
Summary of Invention

Technical Problem

The engine compartment accommodates a cooling unit that circulates engine coolant.
The cooling unit includes a radiator and a fan. The radiator includes a tube having
cooling fins. The fan sends air to the radiator to enhance heat exchange. In a collision
of the vehicle, the following problems may occur if the cooling unit hits another
component.

For example, when the tube of the radiator is damaged, coolant may leak from the
tube. This may stop the circulation of the coolant. Further, when the fan is deformed,
the fan may stop functioning properly and adversely affect heat exchange. Such a
situation would lower the engine cooling performance and hinder the driving of
engine. In such a case, the driver may not be able to drive the vehicle to a repair shop,

for example.
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It is an object of the present invention to provide a vehicle that limits damage in a
collision that would impair the function of a cooling unit.
Solution to Problem

To achieve the above object, one aspect of the present invention is a vehicle
including an engine accommodated in an engine compartment, a cooling unit fastened
in the engine compartment, wherein the cooling unit circulates coolant for the engine,
and an adjacent member fastened in the engine compartment adjacent to the cooling
unit. The cooling unit is one of a first component and a second component, and the
adjacent member is the other one of the first component and the second component. At
least the first component includes a projection extending in a projection direction
toward the second component. The projection is configured such that, of all parts of the
first component, the projection is first to abut the second component in a collision in
the projection direction.
Brief Description of Drawings
[fig.1]Fig. 1 is a schematic view showing a cooling unit and other components ac-
commodated in an engine compartment of a vehicle in one embodiment.
[fig.2]Fig. 2 is a perspective view showing the cooling unit of Fig. 1.
[fig.3]Fig. 3 is a front view of an air intake resonator.
[fig.4]Fig. 4 is a plan view of the air intake resonator of Fig. 3.
[fig.5]Fig. 5 is a schematic cross-sectional view showing the positional relationship of
the cooling unit and the air intake resonator in the engine compartment.
[fig.6]Fig. 6 is a schematic view showing the cooling unit and the other components in
a frontal collision.
[fig.7]Fig. 7 is a schematic cross-sectional view showing the positional relation

between the cooling unit and the air intake resonator in a frontal collision.

Description of Embodiments

Referring to Figs. 1 to 7, one embodiment of a vehicle including an engine ac-
commodated in an engine compartment will now be described. The vehicle is a hybrid
vehicle including an engine and a motor as driving sources. In the following de-
scription, the terms "front", "rear", "right", and "left" refer to the front, rear, right, and
left of the vehicle.

As shown in Fig. 1, a cooling unit 20, an air intake resonator 30, and an engine 41 are
arranged in the right section of an engine compartment 10a of a vehicle 10. The
cooling unit 20, the air intake resonator 30, and the engine 41 are laid out parallel to
the front-rear axis of the vehicle 10. The air intake resonator 30 is connected to the
upstream side of an air cleaner 34 through a hose 33. The resonance effect of the air

intake resonator 30 reduces the noise of the intake air produced in an intake passage.
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The air cleaner 34 is arranged on the left side of the air intake resonator 30 and the rear
side of the cooling unit 20. An inverter 43 that drives the motor 42 is arranged in the
left section of the engine compartment 10a. The inverter 43 and the motor 42 are
arranged behind the cooling unit 20.

As shown in Fig. 1, in the vehicle 10, the cooling unit 20 is separated from the
inverter 43 by a relatively large clearance. In contrast, the cooling unit 20 and the air
intake resonator 30 are fastened in the engine compartment 10a adjacent to each other
and separated from each other by a relatively small clearance.

As shown in Fig. 2, the cooling unit 20 includes a radiator 22 and fans 23. Cooling
fins 22a, which contact the passing air, and tubes 22b, which circulate coolant for the
engine 41, are arranged in the radiator 22. The cooling unit 20 further includes an
upper tank 22¢ and a lower tank 22d. The tanks 22c and 22d are in communication
with the tubes 22b and store the coolant. The fans 23 and a fan shroud 24 are attached
to the rear side of the radiator 22. The fans 23 draw air from the front toward the rear
and through the radiator 22 to promote heat exchange.

The cooling unit 20 further includes a projection 25 arranged on the right end section
of the upper tank 22c. The projection 25 projects rearward from the upper tank 22c.
The projection 25 includes a flat surface 25b at the distal end. The projecting length,
which is the distance between the upper tank 22¢ and the flat surface 25b, of the
projection 25 is set such that, of all the parts of the cooling unit 20, the flat surface 25b
of the projection 25 is the closest to the air intake resonator 30 when the cooling unit
20 is accommodated in the engine compartment 10a of the vehicle 10.

As shown in Fig. 3, the air intake resonator 30 includes a front surface 30f, which
faces the cooling unit 20, and a pressure receiving portion 35, which projects frontward
from the front surface 30f. The pressure receiving portion 35 includes a plurality of
ribs 35f projecting forward, or toward the cooling unit 20. In the pressure receiving
portion 35, vertically extending ribs 35f traverse horizontally extending ribs 35f in a
grid pattern. The position and the projecting length of the pressure receiving portion 35
are set such that the pressure receiving portion 35 faces the projection 25 of the cooling
unit 20 and, of all the parts of the air intake resonator 30, the distal end of the pressure
receiving portion 35 is the closest to the cooling unit 20 when the air intake resonator
30 is accommodated in the engine compartment 10a of the vehicle 10. The projecting
length of the pressure receiving portion 35 is the distance between the front surface 30f
and the distal ends of the ribs 35f.

As shown in Fig. 4, the air intake resonator 30 includes connection portions 35b and
35c extending rearward. The connection portion 35b, which is located in the left
section of the air intake resonator 30, includes an elongated fastening hole 36

extending parallel to the front-rear axis of the vehicle 10. The connection portion 35c,
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which is located in the right section of the air intake resonator 30, includes a circular
fastening hole 37. A fastener 36a is inserted through the fastening hole 36 and a
fastener 37a is inserted through the fastening hole 37 to fasten the air intake resonator
30 to the engine 41. The air intake resonator 30 is fastened to the engine 41 with the
fastener 36a received in the rear side of the fastening hole 36. Accordingly, the
fastening hole 36 and the fastener 36a, which function as a fastening portion, fasten the
air intake resonator 30 to the engine 41 such that the left section of the air intake
resonator 30 is movable in the rearward direction.

The fastening holes 36 and 37 and the fasteners 36a and 37a fasten the air intake
resonator 30 to the engine 41 so that the air intake resonator 30 is arranged behind the
cooling unit 20 in the engine compartment 10a.

As shown in Fig. 5, when the cooling unit 20 and the air intake resonator 30 are
fastened in the engine compartment 10a of the vehicle 10, the projection 25 of the
cooling unit 20 projects toward the air intake resonator 30. In addition, the flat surface
25b at the distal end of the projection 25 faces the pressure receiving portion 35 of the
air intake resonator 30. Further, the pressure receiving portion 35 projects toward the
projection 25. In the present embodiment, the cooling unit 20 functions as a first
component including the projection 25, and the air intake resonator 30 functions as a
second component including the pressure receiving portion 35.

Referring to Figs. 6 and 7, the operation of the vehicle 10 will now be described. Fig.
6 shows the positional relationship between the cooling unit 20 and other components
when a frontal collision occurs at the right front side of the vehicle 10.

As shown in Fig. 6, when a collision in the projection direction of the projection 25,
or a frontal collision occurs at the right front side of the vehicle 10, the cooling unit 20
pivots about its left end, and the right section of the cooling unit 20 moves rearward.
This brings the flat surface 25b of the projection 25 of the cooling unit 20 into
abutment with the pressure receiving portion 35 of the air intake resonator 30. Thus, of
all the parts of the cooling unit 20, the projection 25 is the first to abut the air intake
resonator 30. This leaves a gap between the portion of the cooling unit 20 other than
the projection 25 and the portion of the air intake resonator 30 other than the pressure
receiving portion 35.

When the cooling unit 20 moves rearward, parts of the cooling unit 20 other than the
projection 25, such as hoses and cords coupled to the cooling unit 20, may abut the air
intake resonator 30 before the flat surface 25b of the projection 25 abuts the air intake
resonator 30. However, even if the hoses or cords, which are relatively flexible, abut
the air intake resonator 30, this would not inflict damage that impairs the function of
the cooling unit 20. Therefore, in this embodiment, the abutment between the hoses or

cords and the air intake resonator 30 in a collision is not taken into consideration, and
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the projection 25 is considered to be the first to abut the air intake resonator 30.

In addition to the hoses and cords coupled to the cooling unit 20, other various hoses
and cords are arranged in the engine compartment 10a. In a collision, such hoses or
cords may abut the cooling unit 20. However, even if such hoses or cords abut the
cooling unit 20, this would not inflict damage that impairs the function of the cooling
unit 20.

As the cooling unit 20 moves further rearward, the flat surface 25b of the projection
25 of the cooling unit 20 presses the pressure receiving portion 35 of the air intake
resonator 30.

As shown in Fig. 7, when the projection 25 presses the pressure receiving portion 35
of the air intake resonator 30, the air intake resonator 30 moves rearward. This is
because the pressing on the pressure receiving portion 35 by the projection 25 moves
the fastener 36a in the fastening hole 36 from a rear position to a front position. When
moved toward the rear, the air intake resonator 30 pivots about the fastening portion
including the fastening hole 37 and the fastener 37a (Fig. 4). The cooling unit 20
moves rearward together with the air intake resonator 30.

When a frontal collision occurs at the left front side of the vehicle 10, the cooling
unit 20 pivots about its right end, and the left section of the cooling unit 20 moves
rearward. However, in the vehicle 10, there is a relatively large clearance between the
cooling unit 20 and the inverter 43 in a direction parallel to the front-rear axis of the
vehicle 10. Thus, even if the left section of the cooling unit 20 moves rearward, the
cooling unit 20 is less likely to hit the inverter 43. Accordingly, in the vehicle 10 of the
present embodiment, impact of the cooling unit 20 against the inverter 43 may be
avoided without arranging the projection 25 on the left section of the cooling unit 20
and the pressure receiving portion 35 on the inverter 43.

The advantages of the present embodiment will now be described.

(1) In a collision, the parts of the cooling unit 20 other than the projection 25 remain
spaced apart by a gap from the air intake resonator 30. Thus, the parts of the cooling
unit 20 that provide the cooling function such as the radiator 22 and the fans 23 are less
likely to strike the air intake resonator 30. In a collision, this limits damage that
impairs the function of the cooling unit 20.

(2) In a collision, the pressure receiving portion 35 of the air intake resonator 30
receives the projection 25 of the cooling unit 20. Thus, the air intake resonator 30 can
be reinforced by reinforcing the pressure receiving portion 35 or the portion on which
the pressure receiving portion 35 is arranged to withstand the impact applied when the
cooling unit 20 abuts the pressure receiving portion 35. In other words, the air intake
resonator 30 can be effectively reinforced since the portion that abuts the projection 25

may be specified.
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(3) The pressure receiving portion 35 of the air intake resonator 30 includes the grid-
shaped ribs 35f. This allows the pressure receiving portion 35 to withstand impact. In
addition, the ribs 35f of the pressure receiving portion 35 reinforce the air intake
resonator 30.

(4) In a collision, the flat surface 25b of the projection 25 of the cooling unit 20 abuts
the pressure receiving portion 35 of the air intake resonator 30. The flat surface 25b
allows the projection 25 to have a larger contact area than when the projection 25 has a
sharp distal end. This limits concentration of the load and effectively limits damage in
a collision.

(5) The cooling unit 20 cannot circulate coolant if a tube 22b of the radiator 22 is
damaged and leaks the coolant. In addition, if the fan 23 deforms and stops functioning
normally, heat exchange is hindered. The upper tank 22c, which is located in the upper
portion of the cooling unit 20 and which stores coolant, has a higher impact resistance
than the tubes 22b and fans 23, which provide the cooling function. Further, even if the
upper tank 22¢ deforms, the cooling performance of the radiator 22 would not be
affected. In the present embodiment, the projection 25, which is arranged on the upper
tank 22c, abuts the air intake resonator 30. This limits adverse effects on the cooling
performance even if an impact is applied to the cooling unit 20.

In a frontal collision, the air intake resonator 30 moves rearward when the projection
25 of the cooling unit 20 abuts the air intake resonator 30. This reduces impact to the
cooling unit 20 compared to when the air intake resonator 30 is fastened to be
immovable. In a collision, this effectively limits damage that impairs the function of
the cooling unit 20.

(7) The vehicle 10 is a hybrid vehicle using the motor 42 as a driving source in
addition to the engine 41. Thus, the vehicle 10 has more components accommodated in
the engine compartment 10a compared to a vehicle using only the engine 41 as the
driving source. This reduces the clearance between the components. However, even in
such a hybrid vehicle 10, the structure of the present embodiment limits damage in a
collision that impairs the function of the cooling unit 20.

It should be apparent to those skilled in the art that the present invention may be
embodied in many other specific forms without departing from the spirit or scope of
the invention. Particularly, it should be understood that the present invention may be
embodied in the following forms.

The air intake resonator 30 does not have to be fastened to the engine 41. The air
intake resonator 30 may be fastened by the fastening holes 36 and 37 and the fasteners
36a and 37a to a portion other than the engine 41 such as a crossmember forming the
vehicle body of the vehicle 10.

The fastening hole 37 of the air intake resonator 30 may be elongated like the
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fastening hole 36. In this case, when the air intake resonator 30 moves in a collision,
the fastener 36a and the fastener 37a both move in the fastening hole 36 and the
fastening hole 37, respectively.

The fastening portion that movably fastens the air intake resonator 30 is not limited
to the fastening holes 36 and 37 and the fasteners 36a and 37a, which are received in
the fastening holes 36 and 37. For example, a sliding device may be used as a fastening
portion. The sliding device includes a groove extending parallel to the front-rear axis
and a locking member received in the groove to be movable along the groove.

The fastening holes 36 and 37 of the air intake resonator 30 may both be circular so
that the air intake resonator 30 is fastened to the engine 41 to be immovable. Even
though advantage (6) is not achieved, this modification still has advantages (1) to (5)
and (7).

The projection 25 may be arranged on a portion of the cooling unit 20 other than the
upper tank 22c. However, to limit decreases in the cooling performance of the cooling
unit 20 caused by an impact applied when the projection 25 abuts the air intake
resonator 30, the projection 25 is preferably arranged on a portion that does not
provide the cooling function such as the fan shroud 24.

The flat surface 25b of the projection 25 may be formed in any method as long as the
contact area in the distal end of the projection 25 is enlarged. For example, the flat
surface 25b may be formed by attaching a plate on the distal end of the projection 25.

The flat surface 25b of the projection 25 may be omitted. However, in order to limit
concentration of load on the pressure receiving portion 35 of the air intake resonator
30, it is preferable that the contact area be enlarged by forming the distal end of the
projection 25 as a gradually curved surface, for example.

The ribs 35f do not have to form a grid pattern. For example, the pressure receiving
portion 35 may include ribs extending in parallel. In addition, the ribs do not have to be
straight. For example, the pressure receiving portion 35 may include parallel un-
dulating ribs.

The pressure receiving portion 35 is not limited to the ribs 35f extending along the
front surface 30f of the air intake resonator 30. For example, the pressure receiving
portion 35 may include a plurality of rod-shaped projections.

The projecting length of the projection 25 is not limited to the length that allows the
projection 25 to be the closest to the air intake resonator 30 among all the parts of the
cooling unit 20. That is, the projection 25 may have any length as long as the
projection 25 is the first to abut the air intake resonator 30 in a collision in the
projection direction of the projection 25, even if a portion of the cooling unit 20 other
than the projection 25 is closer to the air intake resonator 30 than the projection 25

when the cooling unit 20 is accommodated in the engine compartment 10a.
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The projecting length of the pressure receiving portion 35 is not limited to the length
that allows the pressure receiving portion 35 to be the closest to the cooling unit 20
among all the parts of the air intake resonator 30. That is, the pressure receiving
portion 35 may have any length as long as the pressure receiving portion 35 is the first
to abut the projection 25 of the cooling unit 20 in a collision in the projection direction
of the projection 25, even if a portion of the air intake resonator 30 other than the
pressure receiving portion 35 is closer to the cooling unit 20 than the pressure
receiving portion 35 when the air intake resonator 30 is accommodated in the engine
compartment 10a.

The air intake resonator 30 may include a projection, and the cooling unit 20 may
include a pressure receiving portion. In this case, the projection of the air intake
resonator 30 may include a flat surface like the projection 25 of the present em-
bodiment or may be shaped differently. Further, the pressure receiving portion of the
cooling unit 20 may be formed in a grid pattern like the pressure receiving portion 35
of the present embodiment or be shaped differently.

There is no limitation to the numbers of the projections 25 and the pressure receiving
portions 35 arranged in the cooling unit 20 and the air intake resonator 30. For
example, in addition to the projection 25 in the right section of the cooling unit 20 of
the present embodiment, a projection may be arranged in the central and left sections
of the cooling unit 20.

The cooling unit 20 may include a projection and a pressure receiving portion, and
the air intake resonator 30 may include a projection, which abuts the pressure receiving
portion of the cooling unit 20, and a pressure receiving portion, which abuts the
projection of the cooling unit 20.

The number of the pressure receiving portions 35 may be less than the number of the
projections 25. In addition, the pressure receiving portion 35 may be omitted. That is,
the present embodiment may have any structure as long as at least one of the cooling
unit 20 and the air intake resonator 30 includes a projection 25. Even when the
pressure receiving portion 35 is omitted, advantages (1) and (5) to (7) are still
achieved. However, in such a structure, it is preferable that the portion of the cooling
unit 20 or the air intake resonator 30 that comes into abutment with the projection 25
be sufficiently reinforced.

The types and the positions of the components arranged in the engine compartment
10a other than the cooling unit 20 are not limited to the structure shown in Fig. 1. A
component other than the air intake resonator 30 may be arranged adjacent to the
cooling unit 20. In this case, the projection 25 is provided in at least one of the cooling
unit 20 and the component adjacent to the cooling unit 20 to limit damage in a collision

that impairs the function of the cooling unit 20.
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In the embodiments and the modified examples described above, to deal with a
frontal collision to the right front side of the vehicle 10, the projection 25 and the
pressure receiving portion 35 are provided in the right section of the cooling unit 20
and a component arranged in the right section of the engine compartment 10a. If the
cooling unit 20 is adjacent to another component and the clearance between the
cooling unit 20 and the adjacent component is relatively small, the cooling unit 20 may
abut the adjacent component in a collision of the vehicle 10. In this case, the projection
25 and the pressure receiving portion 35 may be provided in the cooling unit 20 and
the adjacent component. For example, in the example shown in Fig. 1, if the clearance
between the cooling unit 20 and the inverter 43 is relatively small in the left section of
the engine compartment 10a, the projection 25 and the pressure receiving portion 35
may be provided in the cooling unit 20 and the inverter 43. Further, depending of the
structure of the cooling unit 20, a projection and a pressure receiving portion may be
provided in the cooling unit 20 and a component adjacent to the cooling unit 20 in the
vertical direction or a component adjacent to the cooling unit 20 in the lateral direction.

In the embodiments and the modified examples described above, the engine com-
partment 10a is located in the front portion of the vehicle 10. However, the present
invention is not limited to such a structure. For example, the structures of the em-
bodiments and the modified examples may be applied to a vehicle having an engine
compartment in the rear portion of the vehicle.

The vehicle 10 may include only the engine 41 as the driving source.
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Claims
A vehicle (10) comprising:
an engine (41) accommodated in an engine compartment (10a);
a cooling unit (20) fastened in the engine compartment (10a), wherein
the cooling unit (20) circulates coolant for the engine (41); and
an adjacent member (30) fastened in the engine compartment (10a)
adjacent to the cooling unit (20), wherein
the cooling unit (20) is one of a first component and a second
component, and the adjacent member (30) is the other one of the first
component and the second component,
at least the first component includes a projection (25) extending in a
projection direction toward the second component, and
the projection (25) is configured such that, of all parts of the first
component, the projection (25) is first to abut the second component in
a collision in the projection direction.
The vehicle (10) according to claim 1, wherein
the second component includes a pressure receiving portion (35)
projecting toward the projection (25), and
the pressure receiving portion (35) is configured such that the
projection (25) abuts the pressure receiving portion (35) in a collision
in the projection direction.
The vehicle (10) according to claim 2, wherein the pressure receiving
portion (35) includes a grid-shaped rib (35f).
The vehicle (10) according to claim 2 or 3, wherein the projection (25)
includes a distal end having a flat surface (25b) that faces the pressure
receiving portion (35).
The vehicle (10) according to any one of claims 1 to 4, wherein
the cooling unit (20) includes an upper portion including a tank (22c)
for storing coolant, and
the projection (25) is arranged on the tank (22c).
The vehicle (10) according to any one of claims 1 to 5, further
comprising a fastening portion (36, 36a, 37, 37a) fastening the adjacent
member (30) in a manner allowing the adjacent member (30) to move
in a rearward direction of the vehicle (10),
wherein the adjacent member (30) is located rearward from the cooling
unit (20) in a direction parallel to a front-rear axis of the vehicle (10).

The vehicle (10) according to claim 6, wherein
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the adjacent member (30) includes the fastening portion (36, 36a, 37,
37a), and

the fastening portion (36, 36a, 37, 37a) includes an elongated fastening
hole (36) extending parallel to the front-rear axis and a fastener (36a)
inserted through the fastening hole (36).

The vehicle (10) according to any one of claims 1 to 7, further
comprising a motor (42) accommodated in the engine compartment
(10a),

wherein the engine (41) and the motor (42) function as driving sources.
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