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An electromagnetic induction non-contact charger includes 

COIIfISPOHdGHCfI AddreSSI a stand and a poWer source device arranged on the stand. A 
WOODCOCK WASHBURN KURTZ feeding coupler is coupled to a cable extending from the 
MACKIEWICZ & NORRIS LLP poWer source device. The poWer source device includes an 
One Liberty Place - 46th Floor outer casing and a vertical duct arranged in the outer casing. 
Philadelphia, PA 19103 (US) An intake hole and an exhaust hole are provided at the 

bottom of the outer housing, and a bloWer is arranged in the 
outer casing above the duct, so that air is taken in from the 

(21) Appl. No.: 09/731,959 intake hole, ?oWs up in the outer casing and outside the duct, 
enters the duct via bloWer at the top of the duct, ?oWs doWn 

(22) Filed: Dec. 7, 2000 in the duct, and is discharged from the exhaust hole. The 
duct is constructed using a cooling ?n plate, and a circuit 
board is directly attached to the duct. The stand is tubular, 

(30) Foreign Application Priority Data and the exhaust hole is in communication With interior space 
of the stand. The stand has outlet holes and louvers Which 

Dec. 14, 1999 (JP) ......................................... .. 11-354487 are attached to the stand. 
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VEHICLE BATTERY CHARGER WITH COOLING 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an electromagnetic 
induction non-contact charger for charging a vehicle such as 
an electric automobile, in a non-contact fashion, using an 
electromagnetic inductive system. 

[0003] 2. Description of the Related Art 

[0004] In conventional vehicle chargers, there is an induc 
tive charging system in Which charging is completed by 
connecting a feeding coupler and a receiver (a receiving 
coupler) in a non-contact fashion using electromagnetic 
induction. When compared With a conductive charging 
system, the inductive charging system can provide advan 
tages in that there is no concern about a contact failure and 
that the receiver installed on the vehicle can be miniaturiZed 
easily. 

[0005] The inductive charger uses a commercial alternat 
ing current poWer source, for example, and comprises a 
poWer source device (a poWer supply device) Which con 
verts a commercial alternating current into a charging alter 
nating current (at a predetermined frequency and a prede 
termined voltage) suitable for charging and a feeding 
coupler mounted on the distal end of a feeding cable 
extending from the poWer source device. The feeding cou 
pler can be inserted into an coupler inserting port of the 
receiver installed on the electric automobile, and a poWer 
transmitting coil (a primary coil) is built in the inserting 
portion of the feeding coupler. On the other hand, a receiving 
coil (a secondary coil) and a conversion circuit for convert 
ing a received alternating current into a direct current for 
charging are built in the receiver provided on the electric 
automobile. 

[0006] In charging the electric automobile, the feeding 
coupler is inserted into the coupler inserting port of the 
receiver installed on the electric automobile. On detecting 
the insertion of the feeding coupler, the poWer source device 
outputs a current (an alternating current) having a voltage 
value in accordance With a battery residual capacity obtained 
through communication With the electric automobile. When 
the current outputted from the poWer source device ?oWs 
through the poWer transmitting coil built in the inserting 
portion of the feeding coupler, a voltage is induced in the 
receiving coil on the receiver under the action of electro 
magnetic induction for charging. 

[0007] The charger is set up at a public facility (such as a 
parking lot) for public use as a charging stand (a stand-type 
charger) in Which the poWer source device is arranged 
upright on the stand. In addition, for family use, a Wall 
mounted type poWer source device is available Which is 
hung on the exterior Wall of a house using a mounting 
bracket. Both types of chargers are set up outside a building 
for use. 

[0008] PoWer-system electric components including a cir 
cuit for converting a commercial alternating current into a 
charging alternating current, and control-system electronic 
components including a control circuit are built in the poWer 
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source device, and in particular, the poWer-system electric 
components generate heat, Which causes a problem. 

[0009] Circuits are disposed in the form of a circuit board, 
for example, in a housing or outer casing of the poWer source 
device. The circuit board is mounted on a cooling ?n plate, 
and a cooling bloWer (a fan unit) is provided for bloWing air 
for cooling the cooling ?n plate through heat exchange. An 
intake hole and an exhaust hole are formed in, for example, 
the bottom of the housing, and the bloWer device is so 
disposed that an air?oW is generated Which circulates Within 
the housing betWeen the intake hole and the exhaust hole. 
Conventionally, the bloWer is provided in the vicinity of the 
exhaust hole. This is because the air?oW is prevented from 
being heated by heat generated by the bloWer. 

[0010] In order to obtain a required cooling effect, the How 
rate and How velocity of an air?oW need to be equal to or 
higher than a certain level and, in order to generate an 
air?oW meeting the requirement, for example, a large-siZed 
and high-poWered bloWer is needed Which can provide a 
strong bloWing force because, in the construction in Which 
the bloWer is disposed in the vicinity of the exhaust hole, the 
cooling ef?ciency remains loW for the large bloWing capac 
ity. Additionally, it is considered that the heat exchange 
ef?ciency of a cooling ?n plate depends more on the How 
rate and How velocity of an air?oW than on the increase in 
temperature of the air?oW due to heat generated by the 
bloWer When it is normally used and, for example, and this 
has caused a problem that a suf?cient cooling ef?ciency 
cannot be provided in a case Where a relatively small-siZed 
bloWer is preferably used in an attempt to miniaturiZe, for 
example, the poWer source device. 

[0011] Additionally, as a factor determining the How rate 
and How velocity of an air?oW there is raised a How path 
cross-sectional area along the full length of the How path of 
an air?oW, and a certain ?oW path cross-sectional area is 
required along the full length of the How path of an air?oW 
from Where outside air is taken into the How path to Where 
the air so taken in is then let out of the How path in order to 
increase the cooling ef?ciency. In addition, since hot air is let 
out of the exhaust hole, it has been considered that the 
discharged hot air may be taken into the intake hole and that 
the hot air so taken into deteriorates the cooling ef?ciency. 
In consideration of these situations, countermeasures have 
been demanded for improving the cooling ef?ciency of 
chargers. Note that since chargers are set outside the build 
ing as a charging stand or a Wall mounted type charger, in 
many cases, Waterproo?ng measures must also to be taken 
into consideration. 

SUMMARY OF THE INVENTION 

[0012] The present invention is made to solve the afore 
said problems, and a ?rst object thereof is to provide a 
charger for a vehicle, Which can suf?ciently cool electric 
components built into a poWer source unit. A second object 
of the present invention is, in addition to the ?rst object, to 
improve the Waterproo?ng With a simple construction. 

[0013] According to a ?rst aspect of the present invention, 
there is provided a charger, for a vehicle, comprising a 
poWer source unit and a feeding coupler connected to said 
poWer source unit via cable and adapted to be coupled to a 
receiver of a vehicle, said poWer source unit comprising: an 
outer casing having a top, a bottom With an intake hole and 
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an exhaust hole; a duct having a vertically extending passage 
disposed in said outer casing, said passage having an upper 
opening and a loWer opening; and a cooling bloWer disposed 
in said outer casing above said duct so that said bloWer 
causes a How of air in Which air is taken in said casing from 
said intake hole, enters said passage of said duct via said 
upper opening, ?oWs doWn in said passage, and ?oWs out of 
said outer casing via said loWer opening and said exhaust 
hole. 

[0014] In this arrangement, When the bloWer is driven, air 
is forced into the passage from the opening in the upper 
portion of the duct, an air?oW is generated by the outside air, 
Which is taken into the outer casing from the intake hole in 
the loWer portion of the outer casing, being sent upWard, 
then descending along the passage in the duct, and ?nally 
leaving from the exhaust hole. The electric components 
(including a circuit board) disposed in the outer casing are 
cooled by this air?oW. Since the bloWer is disposed on the 
upper portion of the duct and an air suction system is 
adopted in Which the bloWer is located at an intermediate 
position along the length of the air?oW path, an air?oW 
having required ?oW rate and How velocity can be generated 
Within the passage in the duct With a relatively Weak bloWing 
force, and this can increase the cooling ef?ciency. In addi 
tion, since the bloWer is disposed on the upper portion of the 
duct and, hence, the bloWer is located at a relatively high 
position Within the outer casing, should Water penetrate into 
the interior of the outer casing, the bloWer is not submerged 
in the Water penetrating into the outer casing. 

[0015] Preferably, the duct comprises a cooling ?n plate 
formed into a duct-like shape, and a circuit board having 
electric components mounted thereto is directly attached to 
the cooling ?n plate. 

[0016] In this arrangement, in addition to the operation set 
forth in the ?rst aspect, the heat generated at the circuit board 
is heat exchanged via the cooling ?n plate by the air?oW 
passing the passage in the duct, Whereby the circuit board is 
ef?ciently cooled. In addition, since the cooling ?n plate also 
functions as a constituting component of the duct, the 
number of components used can be reduced, and this facili 
tate making compact the interior of the outer casing, 
Whereby miniaturiZation of the poWer source device is made 
possible. 

[0017] Preferably, the support board to Which the duct is 
attached is made of metal. 

[0018] In this arrangement, in addition to the above opera 
tion, since the support board to Which the duct is attached is 
metallic and provides a high heat conductivity, the heat 
escapes from the duct to the support board, Whereby the 
cooling effect on the electric components constituting the 
circuit board is increased. 

[0019] Preferably, the top of the outer casing is inclined, 
and the bloWer is disposed in an inclined posture in accor 
dance With the inclination of the top of the outer casing. 

[0020] In this arrangement, even though the top of the 
outer casing is inclined, the height of the outer casing can 
relatively be loW, Whereby the miniaturiZation of the poWer 
source unit can be facilitated. 

[0021] According to a second aspect of the present inven 
tion, there is provided a charger, for a vehicle, comprising a 
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poWer source unit and a feeding coupler connected to said 
poWer source unit via a cable and adapted to be coupled to 
a receiver of a vehicle, said poWer source unit comprising: 
an outer casing having a top, a bottom With an intake hole 
and an exhaust hole; a duct having a vertically extending 
passage disposed in said outer casing, said passage having 
an upper opening and a loWer opening; a cooling bloWer 
disposed in said outer casing above said duct so that said 
bloWer causes a How of air in Which air is taken into said 
casing from said intake hole, enters said passage of said duct 
via said upper opening, ?oWs doWn in said passage, and 
?oWs out of said outer casing via said loWer opening and 
said exhaust hole; and a support board to Which said duct is 
attached being made of metal, said outer casing being 
assembled onto said support board. 

[0022] In this arrangement, When the cooling bloWer is 
driven, an air?oW is generated in Which the outside air is 
taken into the outer casing from the intake hole in the loWer 
portion of the outer casing and is then caused to descend 
along the passage in the duct and is ?nally let out from the 
exhaust hole in the loWer portion of the outer casing. The 
electric components (including the circuit board) disposed 
inside the outer casing are cooled. Since the support board 
to Which the duct is attached is made of metal and hence has 
a high heat conductivity, the heat escapes from the duct to 
the support board, Whereby the cooling effect on the electric 
components can be improved. The number of components 
disposed Within the outer casing can be reduced, the min 
iaturiZation of the poWer source device being facilitated. 

[0023] Preferably, a reinforcing tubular structure is formed 
on the support board, the outer casing being ?xed to the 
tubular structure by fastening members extending in assem 
bling holes formed in the tubular structure, the interior of the 
tubular structure Which communicates With the assembling 
holes functioning as a Water drain passage. 

[0024] In this arrangement, the outer casing is assembled 
to the support board via the assembling holes formed in the 
tubular structure using the fastening members. Even if Water 
penetrates into the outer casing from a gap betWeen the 
fastening member and the assembling hole, the Water so 
penetrating ?oWs doWnWard through the drain passage 
Within the interior of the tubular structure and is let out of the 
drain passage. Consequently, a risk that the electric compo 
nents accommodated Within the outer casing are submerged 
in Water is eliminated. In addition, since reinforcement is 
implemented With the tubular structure, With the support 
board, it is possible to secure a high strength for the 
thickness of the support board. 

[0025] Preferably, an electric circuit is disposed in the 
passage of the duct. 

[0026] In this arrangement, since the electric circuit is 
disposed Within the passage in the duct, not only can the 
electric circuit be cooled, but also the accommodating space 
Within the outer casing can be saved on, Whereby this 
construction can contribute to the miniaturiZation of the 
poWer source. 

[0027] According to a third aspect of the present inven 
tion, there is provided a charger, for a vehicle, comprising a 
poWer source unit, a feeding coupler connected to said 
poWer source unit via a cable and adapted to be coupled to 
a receiver of a vehicle, and a stand supporting the poWer 
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source unit; said power source unit comprising: an outer 
casing having a top, a bottom With an intake hole and an 
exhaust hole; a duct having a vertically extending passage 
disposed in said outer casing, said passage having an upper 
opening and a loWer opening; a cooling bloWer disposed in 
said outer casing above said duct so that said bloWer causes 
a How of air in Which air is taken into said casing from said 
intake hole, enters said passage of said duct via said upper 
opening, ?oWs doWn in said passage, and ?oWs out of said 
outer casing via said loWer opening and said exhaust hole; 
said stand comprising a tubular body having an internal 
space and outlet holes formed through said tubular body, 
said poWer source unit being ?xed to said stand With said 
exhaust hole in communication With said internal space; and 
louvers formed separately from and attached to said tubular 
body so that said louvers substantially cover said outlet 
holes, as vieWed in a direction perpendicular to an outer 
surface of said tubular body, and an extending length of said 
louver measured from said tubular body in said direction is 
longer than that of a louver Which is formed by a draWing 
process. 

[0028] In this arrangement, When the cooling bloWer is 
driven, an air?oW is generated in Which the outside air is 
taken into the outer casing from the intake hole in the loWer 
portion of the outer casing and is then caused to descend 
along the passage in the duct and is ?nally let out from the 
exhaust hole in the loWer portion of the outer casing. The 
electric components (including the circuit board) disposed 
inside the outer casing are cooled. The exhaust air let out 
from the exhaust hole into the interior of the stand is guided 
from the outlet holes to the louvers, Where it is discharged 
to the outside. In this case, the louvers are made as the 
separate members for ?xation, and When compared With one 
formed through a draWing process, the extending length 
over Which the louver extends is made longer and the 
opening area of the louver can be secured Wider, Whereby 
the How cross-sectional area along the full length of the 
air?oW path can be secured Widely, and the circulation of the 
air in the outer casing is improved, Whereby a better Water 
proof effect can be obtained. In addition, since the louvers 
extend such that the exhaust hole is substantially concealed 
thereby When vieWed from the front, rain or the like Will tend 
not to enter the stand through the outlet holes, Whereby the 
Waterproof effect Within the stand can be secured. 

[0029] Preferably, a resin distribution box to Which a 
poWer source Wiring connected to the poWer source unit is 
connected is disposed in the stand beloW the outlet holes and 
Wherein an air shielding member is provided for preventing 
hot air let out from the exhaust hole from ?oWing toWard the 
distribution box. 

[0030] In this arrangement, the hot air let out from the 
exhaust hole is guided toWard the outlet holes in such a 
manner as to be prevented from ?oWing toWard the resin 
distribution box by the air shielding member. Due to this, the 
resin distribution box disposed inside the stand is protected 
from the hot air. 

[0031] According to a fourth aspect of the present inven 
tion, there is provided a charger, for a vehicle, comprising a 
poWer source unit and a feeding coupler connected to said 
poWer source unit via a cable and adapted to be coupled to 
a receiver of a vehicle, said poWer source unit being of a Wall 
mounted type and comprising: an outer casing having a top, 
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a bottom With an intake hole and an exhaust hole; a duct 
having a vertically extending passage disposed in said outer 
casing, said passage having an upper opening and a loWer 
opening; a cooling bloWer disposed in said outer casing 
above said duct so that said bloWer causes a How of air in 
Which air is taken in said casing from said intake hole, enters 
said passage of said duct via said upper opening, ?oWs doWn 
in said passage, and ?oWs out of said outer casing via said 
loWer opening and said exhaust hole; and a partition member 
disposed beloW said outer casing for separating a region 
including said exhaust hole from a region including said 
intake hole. 

[0032] In this arrangement, When the cooling bloWer is 
driven, an air?oW is generated in Which the outside air Which 
is taken into the outer casing from the intake hole in the 
loWer portion of the outer casing, is then caused to descend 
along the passage in the duct and is ?nally let out from the 
exhaust hole in the loWer portion of the outer casing. The 
electric components (including the circuit board) disposed 
inside the outer casing are cooled. The air entering the intake 
hole and the air let out of the exhaust hole are separated from 
each other by the partition member provided at the loWer 
portion of the outer casing so as not to mix With each other. 
This eliminates a risk of the hot air let out of the exhaust hole 
being taken directly into the intake hole. This alloWs rela 
tively loW temperature air to be taken into the outer casing, 
Whereby the cooling effect on the electric components 
provided inside the outer casing can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The present invention Will become more apparent 
from the folloWing description of the preferred embodi 
ments, With reference to the accompanying draWings in 
Which: 

[0034] FIG. 1 is a diagrammatic side vieW of an electro 
magnetic induction non-contact type battery charger accord 
ing to a ?rst embodiment of the present invention; 

[0035] FIG. 2 is an exploded perspective vieW of the 
poWer source device of the charger of FIG. 1; 

[0036] FIG. 3 is an exploded perspective vieW of the 
cooling structure in the poWer source device; 

[0037] FIG. 4 is a diagrammatic front vieW of the back 
board of the poWer source device; 

[0038] FIG. 5 is a diagrammatic rear vieW of the back 
board; 

[0039] FIG. 6A is a top sectional vieW of the tubular 
structure; 

[0040] FIG. 6B is a side sectional vieW of the tubular 
structure; 

[0041] FIG. 7 is a diagrammatic plan vieW of the duct 
assembling structure; 

[0042] FIG. 8 is a side sectional vieW shoWing a loWer 
portion of the duct; 

[0043] 
device; 

[0044] 

FIG. 9 is a bottom vieW of the poWer source 

FIG. 10 is a perspective vieW of the stand; 
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[0045] FIG. 11A is a side sectional vieW of the louver 
structure; 

[0046] FIG. 11B is a side sectional vieW of a louver 
formed by a drawing process; 

[0047] FIG. 12 is a front vieW of the louver portion of the 
stand; 
[0048] FIG. 13 is a perspective vieW of the air shielding 
plate; 
[0049] FIG. 14 is a perspective vieW of the electromag 
netic induction non-contact type charger and a vehicle; 

[0050] 
charger; 
[0051] FIG. 15B is a side vieW of the Wall mounted type 
charger; and 

FIG. 15A is a front vieW of a Wall mounted type 

[0052] FIG. 16 is a diagrammatic side sectional vieW of a 
poWer source device according to another embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] Referring to FIGS. 1 to 14, an embodiment of the 
present invention Will be described, beloW, in Which the 
present invention is embodied as an electromagnetic induc 
tion non-contact type battery charger for a vehicle. 

[0054] As shoWn in FIG. 14, the electromagnetic induc 
tion non-contact type battery charger (hereinafter, referred to 
as a charger) 1 is a stand type charger Which is set on the 
ground. The charger 1 comprises a poWer source device (a 
poWer supply device) 2 as a poWer source unit and a feeding 
coupler 4 provided at a distal end of a cable 3 extending from 
the poWer source device 2. In the embodiment, a paddle type 
feeding coupler 4 is adopted in Which the feeding coupler 4 
is formed into a paddle shape (a ?at plate shape) (hereinafter, 
the feeding coupler is referred to as a feeding paddle). The 
poWer source device 2 is supported by a stand 5 arranged 
upright on the ground. 

[0055] The feeding paddle 4 has an inserting portion 4a 
adapted to be removably inserted into a paddle inserting 
opening 7a of a receiving charge port (a receiving coupler) 
7 as a receiver arranged at a selected position (for eXample, 
at a front part of a bonnet) in an electric automobile 6 as a 
vehicle. 

[0056] In charging the electric automobile 6, the inserting 
portion 4a of the feeding paddle 4 is inserted into the paddle 
inserting opening 7a of the receiving charge port 7, as shoWn 
by dotted lines in FIG. 14. When the feeding paddle 4 is 
connected to the receiving charge port 7, a communication 
is established betWeen them, and the poWer source device 2 
sets a preferred charging condition based on information 
obtained from the electric automobile 6 regarding the 
residual capacity of the battery or the like, converts a 
commercial alternating current into a charging current (at a 
predetermined voltage and a predetermined frequency) and 
outputs the alternating current so converted to the feeding 
paddle 4. Then, the receiving charge port 7 is supplied With 
electric poWer under the action of electromagnetic induction 
based on an alternating current supplied from the poWer 
source device 2 and flowing through a coil built in the 
feeding paddle 4, Whereby the battery 8 installed on the 
electric automobile 6 is recharged. 
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[0057] The structure of the poWer source device 2 Will be 
described. As shoWn in FIG. 2, a metallic (for eXample, iron 
or aluminum) housing 10 as an outer casing constituting the 
poWer source device 2 comprises a loWer housing 11 
assembled onto the upper surface of the stand 5 provided 
upright on the ground, a rectangular tubular upper housing 
12 having a closed upper end, and a side cover 13 for 
covering the right-hand side of the upper housing 12. The 
upper surface 12a of the upper housing 12 has an inclined 
surface Which moderately inclines toWard the front thereof. 

[0058] A back board 15 as a support board is Welded to 
and is integral With the loWer housing 11. A rectangular 
tubular duct 16 is attached to the front surface of the back 
board 15, and a poWer-system circuit board 21 and a 
control-system circuit board 22 are directly attached to the 
front surface and the side surface (right-hand side surface) of 
the duct 16, respectively. Electric components (electronic 
components) 23 constituting a poWer-system circuit such as 
a recti?cation circuit, a poWer factor improving circuit and 
a resonance converter are installed on the poWer system 

circuit board 21. Acapacitor 24 and a coil (a resonance coil) 
25, Which constitute the poWer-system circuit and are rela 
tively heavy, are supported by the back board 15 via brackets 
26 and 27 and disposed by the poWer-system circuit board 
21 (on the left-hand side thereof). The various circuits of the 
poWer system are used for converting a commercial alter 
nating current into a charging alternating current having a 
voltage increased in accordance With the charging condition 
and a predetermined frequency. 

[0059] In addition, electronic components (including a 
CPU) (not shoWn) constituting various types of control 
circuits for governing the control of the poWer system 
circuits and the control of communication of communication 
circuits (for eXample, an infrared communication circuit and 
a radio communication circuit) built into the feeding paddle 
4 are installed on the circuit board 22 of the poWer system. 
The CPU constituting the control circuits controls the rec 
ti?cation circuit, the poWer rate improving circuit and the 
resonance converter so that charging can be carried out in a 

proper charging condition in response to a residual capacity 
of the battery obtained from the electric automobile 6 as a 
result of communication. In particular, a direct current 
obtained by rectifying the alternating current inputted from 
a commercial alternating current poWer source is converted 
into, for eXample, an alternating current of several tens kHZ 
for output to the cable 3 (refer to FIG. 14). The alternating 
current outputted to the cable 3 flows through a poWer 
transmitting coil (a primary coil) in the feeding paddle 4 and 
is then transmitted to a receiving coil (a secondary coil) in 
the receiving charge port 7 under the action of electromag 
netic induction (both coils are not shoWn). 

[0060] As shoWn in FIGS. 1 and 2, the duct 16 has at the 
top thereof an approximately rectangular tubular hood 30 the 
siZe of Which increases toWard its top, and a pair of left and 
right bloWers (fan units) 31 are disposed horiZontally in the 
upper opening in the hood 30. The bloWers 31 are driven 
When a temperature detected by a temperature sensor (not 
shoWn) for detecting the temperature in the housing 10 
reaches or eXceeds a set temperature. The bloWers 31 are 
designed to generate a How of cooling air, in the housing 10, 
by forcibly introducing cooling air into a passage 32 from 
above the duct 16, during the rotation of fans 31a thereof; an 
air-forcing system is adopted in Which a source for bloWing 
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air is located at a position above the duct 16 Which corre 
sponds to a substantially intermediate position of the air?oW 
path inside the housing 10. In order to provide a How rate 
and a How velocity of an air?oW delivered in the duct 16 
Which are equal to or greater than a selected value, the 
cross-sectional area of the passage in the duct 16 is set 
narroWer than that of a portion Where the tWo bloWers are 
disposed. 

[0061] As shoWn in FIG. 2, a box portion 34 into Which 
an indicator 33 is incorporated is integrally formed With the 
right-hand side surface of the upper housing 12, and a paddle 
resting case 35 for removably receiving the inserted paddle 
4 is assembled onto the same surface beloW the box portion 
34. Aresidual capacity (a recharged condition) of the battery 
obtained from the electric automobile 6 through the com 
munication is indicated. An opening 34a is formed in the 
box portion 34 for performing Wiring operations for the 
indicator 33 and the sensor 36, and the opening 34a is closed 
by a metallic cover 37 after the required Wiring Work has 
been completed Whereby electromagnetic shielding is pro 
vided. Additionally, openings 13a and 13b are formed in the 
side cover 13 so that front surfaces of the indicator 33 and 
the paddle inserting opening 35a of the paddle resting case 
34 are exposed therefrom. 

[0062] As shoWn in FIGS. 3 and 7, the duct 16 is 
constructed, of an angled cooling ?n plate 39, into a duct 
like shape to Which the circuit boards 21 and 22 are directly 
attached. Namely, the cooling ?n plate 39 is formed into a 
U-shape in cross section and constitutes a base portion 
providing number of ?ns 39a formed on the back surface 
thereof so that the ?ns 39a so formed are located Within the 
passage 32. The cooling ?n plate 39 is ?xed to a metallic 
base board 40 supported by the back board 15, to form a 
tubular con?guration, Whereby the duct 16 is formed. The 
numerous ?ns 39a extend from the inner Wall surface of the 
front side of the passage 32 of the duct 16. The cooling ?ns 
39a are formed of a metal having a high heat conductivity 
such as aluminum. 

[0063] As shoWn in FIG. 4, the back board 15 has a 
rectangular opening 15a, at the center thereof, and vertically 
extending tubular portions 15b arranged on either side of the 
opening 15a, the tubular portions 15b being formed by 
Welding elongated plates 41, Which have U-shaped troughs 
in cross section, as shoWn in FIG. 7, and extend vertically, 
to front surface of the back board 15. The back board 15 is 
reinformed by the tubular portions 15b Which function as the 
backbone thereof. The tubular portions 15b constitute a 
tubular structure. 

[0064] As shoWn in FIGS. 5, 6A, and 6B, a plurality of 
assembling holes 15c are formed in the back board 15 at 
positions corresponding to the tWo tubular portions 15 for 
?xing the upper housing 12 to the back board 15. As shoWn 
in FIGS. 6A and 6B, Welded nuts 42 are secured to the front 
surface of the back board 15 in alignment With the assem 
bling holes 15c, and as shoWn in FIG. 6B and 7, the upper 
housing 12 is ?xed to the back board 15 by screWing 
fastening members 43 such as screWs or bolts inserted into 
the holes 12b and 15c from the outside, and threaded into the 
Welded nuts 42. Also, as shoWn in FIGS. 6A and 6B, Welded 
nuts 44 are secured to the internal surfaces of the tubular 
portions 15b and, as shoWn in FIG. 7, the base plate 40 is 
?xed to the back board 15 by screWing screWs 45 inserted 
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through the base plate 40 and threaded in the Welded nuts 44. 
Then, the cooling ?n plate 39 is ?xed to the base plate 40 
using screWs 46. In addition, as shoWn in FIG. 4, a pair of 
left and right supporting portions 47 are Welded to the upper 
left and right portions of the front surface of the back board 
15, and the bloWers 31 are mounted on the supporting 
portions 47. 

[0065] As shoWn in FIG. 9, an intake hole 50 is formed in 
the bottom of the housing 10, i.e., in the bottom of the loWer 
housing 11 at the front half portion (upper portion as vieWed 
in the ?gure) thereof and an exhaust hole 51 is formed in the 
bottom of the loWer housing 11 at the rear half portion 
(loWer portion as vieWed in the ?gure). Mesh plates 52 and 
53 are attached to the intake hole 50 and the exhaust hole 51, 
respectively. The mesh plate 53 may be omitted in a case 
Where the exhaust hole 51 is concealed by the stand 5. The 
intake hole 50 is in communication With a space in the 
housing 10 and outside the duct 16 and the exhaust hole 51 
is in communication With the passage 32 in the duct 16. 
Additionally, the cable 3 is connected to the bottom surface 
of the loWer housing 11 at a position close to the right on the 
front side thereof, and a poWer source cable 54 as poWer 
source Wiring into Which a commercial alternating current is 
inputted is connected to the bottom surface at a position 
close to the left on the rear side thereof. Furthermore, a pair 
of drain ports 56 are opened in the bottom of the loWer 
housing 11 at tWo positions on the back side thereof in 
communication With passages 55 (refer to FIGS. 6A, 6B, 
and 7) formed in the tubular portions 15b. The passages 55 
function as drain passages. 

[0066] As shoWn in FIGS. 3 and 8, the duct 16 is covered 
by a box-like cover 57 beloW the cooling ?n plate 39 to 
thereby be in communication With the exhaust hole 51. As 
shoWn in FIGS. 1 and 8, a ?lter circuit 58 and a leak 
preventing circuit 59 are disposed in the duct 16 at a loWer 
end area of the passage 32 Where no cooling ?ns 39a exist. 
A circuit board 60 to Which the tWo circuits 58 and 59 are 
mounted is attached to the base plate 40 at a loWer end 
portion of the front surface (i.e., the internal surface of the 
rear side of the duct 16). The ?lter circuit 58 is interposed in 
the poWer-system circuit at a commercial alternating current 
input portion to the poWer source device 2 for removing 
noise superposed on the input alternating current. Note that 
the duct 16 is constituted by the members 30, 39, 40 and 57. 

[0067] As shoWn in FIG. 1, in the housing 10, When the 
bloWers 31 are driven to rotate the fans 31a, air is forcibly 
introduced into the passage 32 from the upper opening in the 
duct 16. This causes the external air to be taken into the 
housing 10 from the intake hole 50, and the air so taken into 
then ascends along the front side of the circuit boards 21 and 
22 to the upper opening in the duct 16 Where the air then 
?oWs into the passage 32 for a doWnWard ?oW therealong to 
the exhaust hole 51 Where the air is let out. Thus, a How of 
air is generated Within the housing 10 Which circulates along 
a path indicated by arroWs in FIG. 1. 

[0068] The stand 5 supporting the poWer source device 2 
comprises, as shoWn in FIG. 10, a substantially rectangular 
tubular stand body 61 and a support plate 62 ?xed to the 
bottom of the stand body 61. A mounting ?ange 61a is 
formed at the upper end of the stand body 61 for supporting 
the bottom of the loWer housing 11. Apassage 63 in the stand 
5 has an opening area Which alloWs communication With the 












