wo 2012/120357 A2 |0 OO0 O 0O A

(43) International Publication Date
13 September 2012 (13.09.2012)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2012/120357 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification: Not classified

International Application Number:
PCT/IB2012/000412

International Filing Date:
6 March 2012 (06.03.2012)

Filing Language: English
Publication Language: English
Priority Data:

2011-053466 10 March 2011 (10.03.2011) JP
Applicant (for all designated States except US):

TOYOTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

Inventors; and

Inventors/Applicants (for US only): HIRANO, Masahiro
[JP/JP]; C/o Denso Corporation, of 1, Showa-cho Kariya-
city, Aichi-pref 448-8661 (JP). MATSUMOTO, Ai
[JP/JP]; C/o Toyota Jidosha Kabushiki Kaisha, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR, KZ,
LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: PROTECTIVE DEVICE FOR ONBOARD ELECTRICAL EQUIPMENT

FIG.5

42r

20
s ‘ %

: L /S

! v/ \/

[ ! [ /24

i = ¥4

i "

ATy

(57) Abstract: A protective device for onboard elec-
tronic equipment includes a vehicle body reinforcing
member that is arranged around the electronic equip-
ment, and of which each end is fastened to an onboard
fixed member, and in which force required to unfasten
one end is less than force required to unfasten the oth-
er end, and a protective member that is mounted to a
facing surface of the electronic equipment that faces
the vehicle body reinforcing member such that, when
the electronic equipment moves to the vehicle body
reinforcing member side due to receiving force from a
side of a vehicle body, the protective member will
contact the vehicle body reinforcing member before
the electronic equipment does.
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PROTECTIVE DEVICE FOR ONBOARD ELECTRICAL EQUIPMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a protective device for electronic equipment that

is mounted in a vehicle and arranged around a vehicle body reinforcing member.

2. Description of Related Art

[0002] In recent years, various electrical equipment is increasingly mounted in
vehicles. A large number of technologies to protect such electrical equipment, even
when tremendous force is applied to the vehicle due to a vehicle collision, have been
proposed. For example, Japanese Patent Application Publication No. 2001-097052 (JP
2001-097052 A) describes a technology in which an inverter is arranged so as to rotate
while being guided by a suspension tower, when the inverter abuts against the suspension
tower due to a collision, in order to minimize the impact transmission toward the rear and
prevent harnesses from breaking. Also, Japanese Patent Application Publication No.
2006-262673 (JP 2006-262673 A), Japanese Patent Application Publication No.
2009-154757 (JP 2009-154757 A), Japanese Patent Application Publication No.
2005-262894 (JP 2005-262894 A), Japanese Patent Application Publication No.
2007-290479 (JP 2007-290479 A), and Japanese Patent No. 4269848 also describe
technology for protecting onboard parts and the like when a vehicle collision occurs.

[0003] However, many of these technologies mainly presume a case in which
the front of a vehicle collides with an object. A case in which the side of a vehicle
collides with a pole or the like, such that force is received from the side of the vehicle has
not been given sufficient consideration.

[0004]  For example, in a hybrid vehicle, onboard electronic equipment such as

an inverter may be mounted in an engine compartment or the like. Also, inside the
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engine compartment, vehicle body reinforcing members and members for reinforcing the
rigidity of the vehicle body may be arranged to the inside of the electronic equipment.
In this situation, if the side of the vehicle collides with a pole or the like such that the
vehicle receives force from the side, the electrical equipment moves and collides with a
vehicle body reinforcing member. In this case, vehicle body reinforcing members are
usually extremely rigid, so the impact of the collision is unable to be absorbed and as a
result, the wall surface of the electrical equipment collides with the vehicle body

reinforcing member may become damaged.

SUMMARY OF THE INVENTION

[0005]  The invention thus provides a protective device capable of reducing the
possibility of damage to onboard electronic equipment resulting from a collision between
the onboard electronic equipment and a vehicle body reinforcing member, when a
collision from the side occurs.

[0006]  An aspect of the invention relates to a protective device for onboard
electronic equipment. The protective device includes a vehicle body reinforcing
member that is arranged around the electronic equipment, and of which each end is
fastened to an onboard fixed member, and in which force required to unfasten one end is
less than force required to unfasten the other end; and a protective member that is
mounted to a facing surface of the electronic equipment that faces the vehicle body
reinforcing member such that, when the electronic equipment moves to the vehicle body
reinforcing member side due to receiving force from a side of a vehicle body, the
protective member will contact the vehicle body reinforcing member before the
electronic equipment does.

[0007] In the protective device, the protective member may include a guide
portion that guides a direction of movement of the vehicle body reinforcing member that
is contacted by the protective member as a result of the protective member receiving
force from the side of the vehicle body.

[0008] In the protective device, the guide portion may be a depressed portion
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that is provided in a position where the guide portion will contact the vehicle body
reinforcing member, and that guides the vehicle body reinforcing member of which the
one end has been unfastened from the fixed member following contact with the protective
member, such that the vehicle body reinforcing member pivots about the other end. In
this case, the protective device may also include a stopper that limits an amount of pivot
of the vehicle body reinforcing member about the other end, by abutting against the
vehicle body reinforcing member that pivots about the other end.

[0009] In the protective device, the guide portion may be an inclined surface
that is provided in a position where the guide portion will contact the vehicle body
reinforcing member, and that guides the vehicle body reinforcing member such that the
one end that has been unfastened from the fixed member following contact with the
protective member moves upward along the inclined surface.

[0010] In the protective device, the one end of the vehicle body reinforcing
member may have a cutaway that is open on the electronic equipment side of the one end,
and the one end of the vehicle body reinforcing member may be fastened to the fixed
member by a fastening screw inserted into the cutaway. In the protective device, the
protective member may be such that a portion of the protective member contacts the
facing surface of the electronic equipment, and another portion of the protective member
is mounted to the electronic equipment at a position away from the facing surface. In
the protective device, the portion of the protective member may have a flat shape that is
parallel to the facing surface. In the protective device, the vehicle body reinforcing
member may be a stabilizing brace by which a suspension tower and a dash panel are
connected together inside of an engine compartment.

[0011] According to the protective device of an aspect of the invention, one end
of the vehicle body reinforcing member is able to be unfastened even by a relatively
small force, and thus is able to move so that there is a place for the electronic equipment
to go. As a result, the possibility of damage to onboard electronic equipment resulting
from a collision between the onboard electronic equipment and the vehicle body

reinforcing member is able to be reduced.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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 schematic view of the internal structure of an engine compartment;

FIG. 2 is a perspective view schematically showing an inverter to which a protective
member according a first example embodiment of the invention has been mounted;

FIG. 3 is a plan view schematically showing the area around the inverter;

FIG. 4 is a schematic sectional view taken along line IV — IV in FIG. 3;

FIG. 5 is a view of a situation when the inverter is pushed toward the inside of the
vehicle by a side collision;

FIG. 6 is a perspective view schematically showing an inverter to which a protective
member according to a second example embodiment of the invention has been mounted,

FIG. 7 is a schematic sectional view of the area around the inverter;

FIG. 8 is a view of a situation when the inverter is pushed toward the inside of the
vehicle by a side collision;

FIG. 9 is a perspective view schematically showing an inverter to which another
protective member has been mounted; and

FIG. 10 is a perspective view schematically showing an inverter to which yet

another protective member has been mounted.

DETAILED DESCRIPTION OF EMBODIMENTS
[0013] Hereinafter, example embodiments of the invention will be described
with reference to the drawings. FIG. 1 is a schematic view of the internal structure of an
engine compartment 10 of a front-wheel drive hybrid vehicle. An engine 12 that is a
power source of the vehicle is arranged in substantially the center of this engine
compartment 10. A suspension tower 14 that supports an upper portion of a suspension

system is arranged on both sides of the engine 12. A stabilizing brace 22 and 24 is
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mounted to one corner of each suspension tower 14. The stabilizing braces 22 and 24
are vehicle body reinforcing members that are mounted to reinforce the rigidity of the
vehicle body, and more specifically, to improve the torsional rigidity of the engine
compartment 10. These stabilizing braces 22 and 24 are rod-shaped members that are
made of comparatively highly rigid material, such as steel, for example. One end of
each stabilizing brace 22 and 24 is bolted to one corner of the corresponding suspension
tower 14, and the other end of each stabilizing brace 22 and 24 is bolted to a
corresponding base 18 that is connected to a dash panel 16.

[0014]  An inverter 20 is arranged between one of the suspension towers 14 and
the dash panel 16, in a position to the vehicle outside of the stabilizing brace 24. This
inverter 20 is electronic equipment that outputs a drive signal to a motor that is another
power source of the vehicle, and is connected to a high voltage battery via a high voltage
wire.

[0015] Here, this inverter 20 is surrounded by structures such as a fender, the
suspension tower 14, the dash panel 16, and the engine 12. When the vehicle is
involved in a frontal collision, the force of impact is absorbed by a side member.
Therefore, when the vehicle is involved in a frontal collision, the inverter 20 does not
receive a large impact load, and thus is not easily damaged.

[0016] On the other hand, when the side of the vehicle collides with a collided
object 100 such as a pole, the impact load from the side may be unable to be totally
absorbed by the fender, so that impact force may be received by the inverter 20 as well.
In this case, the inverter 20 is pushed toward the vehicle inside and collides with (i.e.,
strikes) the stabilizing brace 24 that connects the suspension tower 14 to the dash panel
16, and then continues on to collide with the engine 12. The stabilizing brace 24 and the
engine 12 are very rigid compared to the inverter 20. Therefore, the wall surface of the
inverter 20 may become damaged by the collision with these highly rigid members. In
particular, the stabilizing brace 24 that is provided facing the inverter 20 is a member for
improving rigidity, and is therefore extremely rigid. Thus, when a side collision occurs,

the stabilizing brace 24 does not break, but instead remains, and thus does not give the
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inverter 20 anywhere to go. As a result, the inverter 20 is sandwiched between the
advancing collided object 100 and the highly rigid stabilizing brace 24, and ends up
receiving the impact load.

[0017] In this example embodiment, a protective member 30 is provided on a
side surface of the inverter 20 and the structure of the stabilizing brace 24 is special, in
order to minimize damage to the electronic equipment (i.e., the inverter 20) following the
side collision. This will now be described with reference to FIGS. 2 to 4.

[0018] FIG. 2 is a perspective view schematically showing the inverter 20 to
which the protective member 30 according a first example embodiment of the invention
has been mounted. FIG. 3 is a plan view schematically showing the area around the
inverter 20, and FIG. 4 is a schematic sectional view taken along line IV — IV in FIG. 3.
The protective member 30 is a metal member that is mounted to a side surface of the
inverter 20 that faces the stabilizing brace 24. A generally rectangular protruding
portion 20a is provided on the surface of the inverter 20 of this example embodiment that
faces the stabilizing brace 24. The protective member 30 is shaped so as to cover this
protruding portion 20a. That is, the protective member 30 includes a main body portion
32 in which a metal plate is bent in a general U-shape, an abutting portion 33 that is
connected to both ends of the main body portion 32, and a fastening portion 36 that is
connected to an upper end of the abutting portion 33. The main body portion 32 is
shaped in a general U-shape to cover the protruding portion 20a, and a guide groove 34
(i.e., a depression) with a generally semicircular cross section that extends in the
horizontal direction is formed on the front surface of the main body portion 32 (i.e., on
the surface opposite the inverter 20). This guide groove 34 serves as a guide portion to
guide the direction of movement of the stabilizing brace 24 when the protective member
30 receives force from the side and contacts the stabilizing brace 24. The diameter of
the guide groove 34 is at least larger than the diameter of the stabilizing brace 24, so that
when contact is made, the stabilizing brace 24 will catch in the guide groove 34. Also,
as is evident from FIG. 4, this guide groove 34 is designed to be at substantially the same

height as the stabilizing brace 24, so when the inverter 20 moves to the stabilizing brace
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24 side due to a side collision, the stabilizing brace 24 will hit the guide groove 34.
Also, as is evident from FIG. 4, there is a gap between the front surface of the main body
portion 32 and the front surface of the protruding portion 20a, such that even when the
protective member 30 receives force from colliding with the stabilizing brace 24, this
force will not be immediately transmitted to the front surface of the protruding portion
20a.

[0019]  The abutting portion 33 is a flat plate-shaped portion that is parallel to
the side surface of the inverter 20 and is connected to both the left and right ends of the
main body portion 32. This abutting portion 33 is a portion that abuts against the side
surface of the inverter 20 when the protective member 30 is mounted to the inverter 20.
When the protective member 30 collides with the stabilizing brace 24, part of the force
received by the protective member 30 is dispersed and transmitted to the side surface of
the inverter 20 by this abutting portion 33.

[0020]  The fastening portion 36 is a flat plate-shaped portion that is parallel to
the upper surface of the inverter 20 and is connected to the upper end of the abutting
portion 33. A fastening hole 36a though which a fastening bolt, not shown, is inserted is
formed in this fastening portion 36. The protective member 30 is fastened (i.e., bolted)
to the inverter 20 by screwing the fastening bolt to the upper surface of the inverter 20
after it has been inserted into the fastening hole 36a.

[0021]  Next in this example embodiment, the structure of the stabilizing brace
24 that is arranged near the inverter 20 will be described. As described above, the
stabilizing brace 24 is a rod-shaped member that is made of highly rigid material and
provided to improve the rigidity of the vehicle body. One end 42f of the stabilizing
brace 24 is bolted to the suspension tower 14 that serves as a fixed member, and the other
end 42r of the stabilizing brace 24 is bolted to a base 18 that is connected to the dash
panel 16 that also serves as a fixed member. A bolt inserting portion through which the
fastening bolt is inserted is formed in each end 42f and 42r of the stabilizing brace 24.
However, in this example embodiment, the configuration of the bolt inserting portion is

different at one end than it is at the other end. More specifically, a round hole is formed
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as the bolt inserting portion in the front end portion 42f that is fastened to the suspension
tower 14. The fastening bolt firmly engages with the front end portion 42f by the
fastening bolt being inserted into this round hole. Thus, the fastening bolt is prevented
from coming away from the front end portion 42f, and thus the front end portion 42f is
prevented from coming away from the suspension tower 14. On the other hand, a
cutaway 44 that is open on the inverter 20 side is formed as the bolt inserting portion in
the rear end portion 42r that is fastened to the dash panel 16. The fastening bolt is
screwed (i.e., fastened) to a seating surface of the dash panel 16 after being inserted into
the cutaway 44. Here, the cutaway 44 in the rear end portion 42r into which the
fastening bolt is inserted is open on the inverter 20 side. Therefore, there is no
engagement relationship between the fastening bolt and the rear end portion 42r on the
inverter 20 side. As a result, when force toward the inside of the vehicle is received, the
rear end portion 42r relatively easily moves away from the fastening bolt and thus
becomes unfastened from the dash panel 16.

[0022]  That is, in this example embodiment, the unfastening force with respect
to the fixed member is set low for only one of the two ends of the stabilizing brace 24.
With this structure, when the inverter 20 is pushed into the stabilizing brace 24, the
stabilizing brace 24 is allowed to move, thus creating a space for the inverter 20 to go.

[0023]  Next, the operation of this example embodiment will be described with
reference to FIG. 5. FIG. 5 is a view of a situation when the inverter 20 is pushed
toward the inside of the vehicle (hereinafter simply referred to as the “vehicle inside™)
(i.e., the stabilizing brace 24 side) by a side collision. When the side of the vehicle
collides with a collided object 100 such as a pole, the inverter 20 is pushed by the
collided object 100 that has entered the vehicle, and moves toward the vehicle inside (i.e.,
to the right side in FIG. 5). However, the stabilizing brace 24 that connects the
suspension tower 14 to the dash panel 16 is provided to the inside of the inverter 20, so
when the inverter 20 moves to the vehicle inside from the side collision, the side surface
of the inverter 20 will collide with the stabilizing brace 24.

[0024]  In this example embodiment, the protective member 30 is provided on
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the side of the inverter 20 that faces the stabilizing brace 24. Therefore, when the
inverter 20 moves to the vehicle inside (i.e., the stabilizing brace 24 side), the protective
member 30 will first abut against the stabilizing brace 24 and be pushed into the
stabilizing brace 24. Here, as described with reference to FIG. 4, the guide groove 34
provided on the front surface of the protective member 30 is at substantially the same
height as the stabilizing brace 24, so the stabilizing brace 24 will abut against and catch
in this guide groove 34. Also, the load (i.e., the reaction force received from the
stabilizing brace 24) that the protective member 30 receives as a result of being pushed
into the stabilizing brace 24 is transmitted to the side surface of the inverter 20 via the
abutting portion 33. The abutting portion 33 surface-contacts the side surface of the
inverter 20, so the load is also dispersed and transmitted to this entire contact surface.
When the load is dispersed and transmitted in this way, an excessive load is consequently
inhibited from being applied to a portion of the inverter 20, so damage to the inverter 20
is inhibited.

[0025] When the inverter 20 moves farther toward the vehicle inside, the
stabilizing brace 24 receives a greater load from the protective member 30. When this
load becomes equal to or greater than a certain load, the stabilizing brace 24 will become
unfastened from the dash panel 16. That is, as described above, in this example
embodiment, the fastening bolt is inserted into the cutaway 44 that is open on the inverter
20 side in the rear end portion 42r, and the engaging force thereof is small on the inverter
20 side. Therefore, when force in the vehicle inside direction is received, even if this
force is relatively small, the rear end portion 42r will move away from the fastening bolt
such that the rear end portion 42r becomes unfastened from the dash panel 16.

[0026]  When the rear end portion 42r becomes unfastened from the dash panel
16, the rear end portion 42r consequently becomes a free end that is unrestrained, and
thus moves when it receives the pushing force of the inverter 20. Here, at this time, the
stabilizing brace 24 abuts against and catches in the guide groove 34 of the protective
member 30. The stabilizing brace 24 that is caught in the guide groove 34 is inhibited

from moving in the vertical direction by the guide groove 34, and is only allowed to
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move in the horizontal direction. Also, the rear end portion 42r is a free end that is
unfastened, while the front end portion 42f is a fixed end that is fastened to the
suspension tower 14 as before. Therefore, when the pushing force of the inverter 20 is
received, the stabilizing brace 24 pivots in a horizontal plane about the front end portion
42f. Having the stabilizing brace 24 pivot in a horizontal plane in this way creates a
place for the inverter 20 to go. When the inverter 20 is able to move away, the impact
load from the collided object 100 on the inverter 20 can be reduced, thereby enabling
damage to the inverter 20 to be effectively reduced.

[0027] In this example embodiment, having the stabilizing brace 24 pivot in a
horizontal plane creates a place for the inverter 20 to go, thereby inhibiting damage to the
inverter 20. However, in this case, the pivoted stabilizing brace 24 may in turn abut
against another member (such as an oil supply pipe of the engine 12, for example), and
possibly damage this other member as a result. Therefore, in order to inhibit the other
member from being damaged, a stopper 50 that restricts the rear end portion 42r from
pivoting any further by abutting against the rear end portion 42r of the stabilizing brace
24 that pivots may be provided near the other member.

[0028] Next, a second example embodiment of the invention will be described
with reference to FIGS. 6 to 8. FIG. 6 is a perspective view schematically showing an
inverter 20 to which a protective member 60 according to the second example
embodiment has been mounted. FIG. 7 is a schematic sectional view of the area around
the inverter 20, and FIG. 8 is a view of a situation when the inverter 20 is pushed toward
the inside of the vehicle by a side collision, as viewed in the direction of arrow B in FIG.
7.

[0029] In the second example embodiment, the structure other than that of the
protective member 60 is substantiaily the same as it is in the first example embodiment,
so mainly the structure of the protective member 60 will be described. The protective
member 60 in the second example embodiment includes a main body portion 62, an
abutting portion 33, and a fastening portion 36, similar to the protective member 60 in the

first example embodiment. The abutting portion 33 is a flat plate-shaped portion that is
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connected to both ends of the main body portion 62 and contacts the side surface of the
inverter 20. This abutting portion 33 disperses the impact load from the stabilizing
brace 24 and transmits it to the side surface of the inverter 20. The fastening portion 36
is a flat plate-shaped portion that is connected to the upper end of the abutting portion 33
and is screwed to the upper surface of the inverter 20.

[0030] The main body portion 62 is a metal member that is bent is a general
U-shape. However, unlike the first example embodiment, the front surface of the main
body portion 62 of this example embodiment (i.e., the surface opposite the inverter 20) is
a tapered surface 68 that tapers away from the side surface of the inverter 20 farther down.
The tapered surface 68 serves as a guide portion that guides the direction of movement of
the stabilizing brace 24 with which the tapered surface 68 has collided.

[0031] As shown in FIG. 7, the tapered surface 68 is provided in a position
where it is able to face the stabilizing brace 24. Also, there is a gap between the front
surface of the main body portion 62 (i.e., the tapered surface 68) and the front surface of
the protruding portion 20a of the inverter 20, such that even when the protective member
60 collides with the stabilizing brace 24 and consequently receives force, this force will
not be immediately transmitted to the front surface of the protruding portion 20a.

[0032]  The structure of the stabilizing brace 24 is substantially the same as it is
in the first example embodiment. That is, the front end portion 42f of the stabilizing
brace 24 is fastened to the suspension tower 14 by a fastening bolt that is inserted through
a round hole formed in the front end portion 42f.  Also, the rear end portion 42r of the
stabilizing brace 24 is fastened to the dash panel 16 by a fastening bolt that is inserted
into the cutaway 44 formed in the rear end portion 42r.  Therefore, the unfastening force
of the rear end portion 42r is smaller than the unfastening force of the front end portion
42f (i.e., it takes less force to unfasten the rear end portion 42r than it does to unfasten the
front end portion 42f), so when force in the inside direction is received, the rear end
portion 42r becomes unfastened first.

[0033] The operation of this second example embodiment will now be described

with reference to FIG. 8. When the side of the vehicle collides with a collided object
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100 such as a pole, the inverter 20 is pushed by the collided object 100 that has entered
the vehicle, and moves toward the vehicle inside. However, the stabilizing brace 24 that
connects the suspension tower 14 to the dash panel 16 is provided to the inside of the
inverter 20, so when the inverter 20 moves to the vehicle inside from the side collision,
the side surface of the inverter 20 will collide with the stabilizing brace 24.

[0034] In this example embodiment, the protective member 60 is provided on
the side of the inverter 20 that faces the stabilizing brace 24. Therefore, when the
inverter 20 moves to the vehicle inside (i.e., the stabilizing brace 24 side), the protective
member 60 will first abut against the stabilizing brace 24 and be pushed into the
stabilizing brace 24. The load (i.e., the reaction force received from the stabilizing
brace 24) that the protective member 60 receives as a result of being pushed into the
stabilizing brace 24 is dispersed and transmitted to the side surface of the inverter 20 via
the abutting portion 33.  As a result, an excessive load is inhibited from being applied to
a portion of the inverter 20, so damage to the inverter 20 is inhibited.

[0035] When the inverter 20 moves farther toward the vehicle inside, the
stabilizing brace 24 receives a greater load from the protective member 30. When this
load becomes equal to or greater than a certain load, the stabilizing brace 24 will become
unfastened from the dash panel 16. As a result of the stabilizing brace 24 unfastening
from the dash panel 16, the rear end portion 42r that has become a free end moves when
it receives the pushing force of the inverter 20.

[0036] Here, at this time, the stabilizing brace 24 abuts against the tapered
surface 68 that is the front surface of the protective member 60. When the inverter 20
moves to the vehicle inside (i.e., the stabilizing brace 24 side), this tapered surface 68
pushes the stabilizing brace 24. The stabilizing brace 24 that is pushed by the tapered
surface 68 is pushed up by the tapered surface 68, as shown in FIG. 8, and thus moves
upward. However, the front end portion 42f is fastened to the suspension tower 14, so
the stabilizing brace 24 will bend near the front end portion 42f, and the rear end portion
42r will move upward. Having the stabilizing brace 24 move upward in this way gives

the inverter 20 a place to go, so the impact load that the inverter 20 receives from the
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collided object 100 can be reduced, thereby enabling damage to the inverter 20 to be
effectively reduced. Also, in this example embodiment, the stabilizing brace 24 moves
upward, so it is unlikely that the stabilizing brace 24 will interfere with another member,
and as a result, damage to the other member is also able to be inhibited. The stabilizing
brace 24 may also be bent at a slight angle near the front end portion 42f in advance in
order to promote the upward movement of the stabilizing brace 24, and thus the bending
of the stabilizing brace 24.

[0037] In any case, the impact force transmitted to the inverter 20 can be
reduced, so damage to the inverter 20 can be effectively inhibited, by setting the
unfastening force of one end of the stabilizing brace 24 low, and providing the protective
member 30 or 60 that contacts the stabilizing brace 24, on the side surface of the inverter
20, as described in the first and second example embodiments. The structures described
thus far are merely examples. Other structures may be modified as appropriate as long
as a protective member that is mounted to a side surface of onboard electronic equipment,
and a vehicle body reinforcing member of which one end is attached so as to be able to
unfasten easily are provided.

[0038] For example, in the example embodiments described above, the
protective members 30 and 60 are relatively wide structures, but they may also be narrow
structures as long as they are able to contact the stabilizing brace 24 before the inverter
20 does when a side collision occurs. Also, the mounting position of the protective
members 30 and 60 may be modified as appropriate according to the shape of the side
surface of the inverter 20 and the shape of the protective members 30 and 60, as long as
the protective members 30 and 60 are able to contact the stabilizing brace 24 before the
inverter 20 does when a side collision occurs. Therefore, a protective member 70 such
as that illustrated in FIG. 9, for example, may also be used. This protective member 70
is formed by bending a metal plate of narrow width that extends in the vertical direction,
and both ends in the width direction form ribs that are folded toward the front (i.e., the
side opposite the inverter 20). The lower end portion of this protective member 70

extends in the vertical direction and is mounted in a state contacting the side surface of
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the inverter 20. Therefore, this lower end portion serves as both an abutting portion 73
that distributes the load and transmits it to the side surface of the inverter 20, and as a
fastening portion 76 that is fastened to the inverter 20. Also, a groove portion 75 that
abuts against and catches the stabilizing brace 24 is formed in substantially the center of
the protective member 70. This groove portion 75 serves as a guide portion that guides
the direction of movement of the stabilizing brace 24 that is contacted by the groove
portion 75 as a result of the groove portion 75 receiving force from the side.

[0039] Also, as another mode, a protective member 90 such as that shown in
FIG. 10 may also be used. This protective member 90 is also formed by bending a metal
plate of narrow width that extends in the vertical direction, and both ends in the width
direction form ribs that are folded toward the front, similar to the protective member 70
shown in FIG. 9. Also, a portion that serves as the abutting portion 73 that disperses the
load and transmits it to the side surface of the inverter 20, and the fastening portion 76
that is fastened to the inverter 20 is provided on the lower end portion of the protective
member 90. Further, a tapered portion 99 that tapers away from the side surface of the
inverter 20 farther down is formed in substantially the center of the protective member 90.
This tapered surface 99 serves as a guide portion that guides the direction of movement
of the stabilizing brace 24 that is contacted by the tapered surface 99 as a result of the
tapered surface 99 receiving force from the side.

[0040] In the example embodiment described above, the unfastening force of
the rear end portion 42r is small, but conversely, the unfastening force of the front end
portion 42f may be small. In this case as well, one end of the stabilizing brace 24
becomes a free end following a collision with the inverter 20, so the stabilizing brace 24
is able to move, and as a result, a place for the inverter 20 to go is able to be created.
Also, in this example embodiment, making the inserting portion for the fastening bolt be
the cutaway 44 enables the unfastening force to be small, but another structure may also
be used as long as unfastening can be achieved by the collision force of the inverter 20.
For example, a notch may be formed in the edge of a round hole into which the fastening

bolt is inserted, so that the area around the round hole will break with relatively little
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force. Also, the inverter 20 and the stabilizing brace 24 are given as examples in the
description above, but the invention may also be applied to other electronic equipment
and an another vehicle body reinforcing member as long as the other electronic
equipment is onboard electronic equipment and the other vehicle body reinforcing
member is a vehicle body reinforcing member that is arranged around the electronic

equipment and that may collide with the electronic equipment when a collision occurs.
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CLAIMS:

1. A protective device for onboard electronic equipment, comprising:

a vehicle body reinforcing member that is arranged around the electronic equipment,
and of which each end is fastened to an onboard fixed member, and in which force
required to unfasten one end is less than force required to unfasten the other end; and

a protective member that is mounted to a facing surface of the electronic equipment
that faces the vehicle body reinforcing member such that, when the electronic equipment
moves to the vehicle body reinforcing member side due to receiving force from a side of
a vehicle body, the protective member will contact the vehicle body reinforcing member

before the electronic equipment does.

2. The protective device according to claim 1, wherein the protective member
includes a guide portion that guides a direction of movement of the vehicle body
reinforcing member that is contacted by the protective member as a result of the

protective member receiving force from the side of the vehicle body.

3. The protective device according to claim 2, wherein the guide portion is a
depressed portion that is provided in a position where the guide portion will contact the
vehicle body reinforcing member, and that guides the vehicle body reinforcing member
of which the one end has been unfastened from the fixed member following contact with
the protective member, such that the vehicle body reinforcing member pivots about the

other end.

4. The protective device according to claim 3, further comprising:
a stopper that limits an amount of pivot of the vehicle body reinforcing member
about the other end, by abutting against the vehicle body reinforcing member that pivots

about the other end.
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5. The protective device according to claim 2, wherein the guide portion is an
inclined surface that is provided in a position where the guide portion will contact the
vehicle body reinforcing member, and that guides the vehicle body reinforcing member
such that the one end that has been unfastened from the fixed member following contact

with the protective member moves upward along the inclined surface.

6. The protective device according to any one of claims 1 to 5, wherein the one end
of the vehicle body reinforcing member has a cutaway that is open on the electronic
equipment side of the one end, and the one end of the vehicle body reinforcing member is

fastened to the fixed member by a fastening screw inserted into the cutaway.

7. The protective device according to any one of claims 1 to 5, wherein the
protective member is such that a portion of the protective member contacts the facing
surface of the electronic equipment, and another portion of the protective member is

mounted to the electronic equipment at a position away from the facing surface.

8. The protective device according to claim 7, wherein the portion of the protective

member has a flat shape that is parallel to the facing surface.

9. The protective device according to any one of claims 1 to 8, wherein the vehicle
body reinforcing member is a stabilizing brace by which a suspension tower and a dash

panel are connected together inside of an engine compartment.
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