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A drive unit for an electric vehicle comprises a dcvicc that
electrically drives a vehicle. a heat trmtsport systmn for trans-
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air, mtd a heat-radiation adjusting system for adjusting hant
radiating 1'rom the de~ice into the an/bien/ air.
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DRIVE UNIT FOR ELECTRIC YEIIICLE

CLAIM OF PRIOITITY

[UUUI] Tile present application claims priority from Japa-
nese Patent npplication serial no. 2010-193069, lilcd on Aug
31, 2010, the content of which ls hereby incorporated by
reference into tlfis application.

1 FICHNICAL FIL'LD

[0002] The present invention relates to a drive unit for an
electric vehicle

BACKGROUND ART

[0003] In hybnd electric cars. there is a known system tlmt
uses liest genemted from heating elements. such as a motor,
invcrtcr. und the like, installed ui a vehicle for nir conditioning
(see e.. patent litemture I ]. I'or example. when heating the
vehicle interior, cooling ivater lasted by tlm heating clenlents
floils through a vehicle-interior air-conditioning heat
exchanger thereby functioning as a sub heatinv heat
CxchaflgCI

CITATION I.IST

Patent l,i tera lure

[0004] [Patent l,itcraturc I ] iapauaii Patent No 4285292

Sl)MMARY OF INVFNTION

Techmcal Pmblem

[0005] i low ever. conventionally, heating elements, such as
a motor. inverter, and the like, are covered by a metallic device
housing cmlsing heat to radiate out into the outside air This

conti gurat ton uselessly radiates haut genemted from the heat-
ing elements and thereby fails to efticiently use the heat for
hcaung 11 vchlclc 1nlcrlor.

[0006] An ob)ect of the present invention is to provide a
driiv. unit for an cliwtnc vehicle tint can eliiciently use heat
generated by a device that electncally drives the velucle for
heanng a vehicle interior.

Solution to Problem

[0007] The present invention is a drive unit for an electric
vehicle comprising a device fnr electrically driving a velficle
and a heat transport means for transportuig heat absorbed
from the device ulto the velucle interior air. w herein a heat-
radiation adjustiilg mcails is providcxi lor adiusliilg tlm

amoiuit ofheat mdtated froin the device into the ambient ur.

[UUUUJ Furthermore.inthednveunitforanelectncvehicle,
the heat-radiatam ad) ustmg memis adjusm the amount of liest
radiating ulto the ambient air according to the temperature of
the anibient air or thc tcniperature of tlm vehicle interior air.

[0009] I'urthennora ui the dove unit for an electnc i elucle,
the heat-radiation adjusting means suppresses the amount of
beat radiating into thc ambient nir w lmn heating ihc vehicle
ulterior'lr
[0010] I'uilhennore. m the dnve unit for an electnc vehicle,
the heat-radiation adjusting means is configured by a case to
euslire atl air ill)mr imluud thc device, and tlm case h la a vent
hole that can electnmdly adjust the opemng area
[0011] Furtlmnmlri. intlm drive unit foranelectric veluclc.
the vent hole enters the open state when electric current is not
appbed.

[0012] I'urthermore, ul the dove unit for an efectnc vehicle,
the vent hole comprises an inlet side vent hole tlu ough wluch
air flmvs in)othe mside of the case and m) outlet side 1 ent hole
through which air flow s nut; and either the inlet side vent bole
or the outlet side vent hole is equipped with an ad)ustment
mech uusm that can adjust the mnount of ventilation by
means of electrical control, and tlm otlmr vent hole is

equipped v ith an adjustment meclmnisni that can mechani-

cally change the opening area according to the pressure dif-

ference before and after the vent hole.

[UU13] Furthermore, in tile drive unit for an electric vehicle,
the heat-radiation adjusting means has a fur for ad)usting air
that flows into the case

[t)t)14] Furthermore,inthedriveunitformlelectricvchicle,
the devices that electncally dnve the velucfe are an electnc
motor and an inverter for contmlling the drive of the electric
motor, and the inverter is supporteil bv the elicctric moulr or is

supported by the same n id body as the member that supports
the electnc motor. and the electric motor and tile inverter are
covered by the s une case.

[0015] Furthermore, in thc drive uiut form& electric vehicle,
a drive shalt lhat tr msmlls lhe drive torque frixn lhe elecinc
motor to tlm wheels penetrates tlm case, and the location at
v hich the drive shaft penctrati:s thc case is on the i.lectric
motor side of the dove shaft in the longitudinal direction
thereof.

[0016] I'urthermore, in tile drive unit for an electric vehicle,
a part of'he vehicle's body ls a p ut o I'he case.

Advmltageous Etfi:cts of Invention

[0017] According to the present invention, when heating
the vdlicle interior air, loss of heat nldiating from the device
ulto the ambient air is lnlubited, and heat absorbed from the
device can be efficlently releasixi into the vehicle interior air;
and ivhen not heating tlm imhicle interior air, heat radiating
from the device ulto the ambient air ls ulcreased thereby
efliciently cooling the device.

BRIFF DESCRIPTION OF DRAWINGS

[0018] FIG I sho~s n first cxmuple of a bait radiation
adjustment structure.

[0019J FI6. 2 shows a schematic configuration of a drive
unit for ml electric vehicle according to the present invention
and also explains the heating operation.

[0020] FIG 3 shoivs a schematic configurauon of a drive
ulut for an electnc velucle according to the present ulventlon
and also explains the cooling operation.

[0021] FI(i. 4 shows a schematic confignration of a drive
unit for;m clcctnc vehicle according to tbe present invention
and also explains the defrosting operation.

[0022] FIG. 5 shows a second example of a heat radiation
adjustment structure.

[0023] I'16. 6A is a perspective view showing a third
example of a hmit radiation adjustmi:nt structuro

[0024] FI(i. 6B is a side cross-sectional view of an air
control valve ui thc third exmnplc of the heat radiation adjust-
ment strucnlre.

[0025] I'16. 7 shows a fourth example of a heat radiation
adjustment structure.
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[0026] 110. 8 shows a fifth example of a heat radiation
adjustmcni siniciure

DLSCITIPI'ION OF LMBODIMLNI'S

[UU27] Hereafter, a description will be given about an
embodiment in wluch u dnve unii for an electnc vehicle
according to the present un ention is applied to an electric car.
Helclil. the present mventmn is noi fimitcxI ui electric care
and it can also be appbed to hybnd cars, electnc tmin coaches,
or electric construction value les. In this embodiment, an alter-
natuig current (AC) motor driven by an inverter will be
descnbed as an example: however. the present uivenuon is not
limitixl to the AC motor, and it can also be appliixI to any type
ol'otating electrical machines (motors and generators)
including direct current (12C) motors driven by a converter
such as a ihyri ster I eonani dcvicc, or pulse motors driven by
il cll(tppel'ower siiill'cp..

[UU28] Fl(i. 2 shoivs a schematic configuration of a drive
till it fiir iill el i."et fic vi.'lii cle accilrdillg in if'Ic present llivciiiioll
The dnve unit for an electnc velficle shoivn in llii. 2 com-
prises a refrigeration cycle circuit 90 in which a refrii orant 40
tlows. an air conditioiung circuit 91A that connects an indoor
heat exchanger 7A to a refrigeration cycle circuit 90 by means
of an air conditioning cooling medium 41A, and a device
cooing circuit 91B that connects an uidoor heat exchanger
7B, a heating elements, and a refrigeration cycle circuit 90 by
means ofa device cooling medium 41B The heating element
9 is, for example. a motor. uiveiter. DC/DC converter. decel-
om (or (rcdilction gear). IxltteD, or a coolilig apparatils. wllicll
releases dnvuig loss as heat.
[0029] The refngeration cycle circuit 90 is configured such
thai a compressor I liir compressing a rcfrigcrani 40, an
outdoor heat exchanger 2 fiir exrlmnguig heat between the
refrigerant 40 and the outside air, a liquid pips; 12, and an air
conditioning heat cxchangcr 4A for exchanging hen( with thc
air conditioiung cooling medium 41A in the mr conditioning
circuit 91A are connected m a circle A four-way valve 20 is

provided between a suction pipe 11:uxl a discharge pipe 10 oI'he

compressor 1. By sw itclfing the four-way valve 20. it is

possible to connect citicr the suction pipe 11 or t1m discharge
pipe 10 to the outdoor heat exclmnger 2 and connect the other
pipe to the air conditioning heat exchanger 4A. FICr. 2 shows
tlm heating operation, wherein tlm fitur-way valve 20 con-
nects the discharge pipe 10 to the air conditionuig heat
exchanger 4A and connects the suction pipe 11 to the outdoor
heat exchmiger 2.

[0030] Tlm cooling heat exchanger 4B conducts the heat
exchange between the refrigerant 40 in the refngeration cycle
circuit 90 and the device cooling medium 41 B. One end of the
cooing lmst exchanger 4B on tlm rcl'rigcration civic circuit
90 side is connected to the liquid pipe 12. and the other end is
suitchably connected via a three-way valve 21 to either the
discharge pipe 10 or the suction pipe II of the compressor 1.

The liquid pipe 12 is provided with a receiver 24. L'xpansion
valves 23, 22A, and 22B functioning as flim-rate control
means are provided benveen the receiver 24 on the bquid pipe
12 and the outdoor heat exclmnger 2, between the air cond&-

iioning hen( exchmiger 4A and ihe receiver 24. nnd between
the cooling heat exclmnger 4B and the receiver 24, respec-
tively Furthermore, ihe outdoor beat exchangcr 2 is equipped
isith an iiutdoor fmi 3 to provide outside ur
[0031] The air conditioning circuit 91A is configurrx( such
that an indoor heat exchmiger 7A for exchanging heat with the
air blown into the velficle interior by tlie interior fan 8. a

circulation pump 5A fiir circulating the mr conditionuig cool-
iilg mediuni 41A, and mi air conditioning hatt cxchailger 4A
are connec1ed ui a circle.
[0032] The device cooling circuit 9IB is configured such
that an indoor heat exchanger 7B for exchanguig heat ivith the
air coming tltrough the indmir heat exchanger 7A. a reservoir
tank 6, a circulation pump 5B for circufatiiig a device coolin
medium 41B. a cooling heat exchanger 4B, and a heating
clisnent 9, such es a motor, an invcricr, a bat(cry, or thc like,
are connected ui a circle.
[0033] I'unhermore, the device cooling cirmtit 91B is pro-
vided with a bypass circuit 30 for bypassin both ends of the
indoor heat exchanger 7B. Thc bypass circuit 30 is provided
with a two-way valve 25; and the main circuit 31 that passes
tluough the indoor heat exchanger 7B is provided with a
tivo-way valve 26. The opening and closing operations of
those two-v ay valves 25 mid 26 enables the arbitrary con-
fibruration of the flow passage through v hieh the de~ice cool-
ing medium 41B flows.

[0034] (Heating Open(ion)
[0035] In this embodiment, when the heating opemtion is
conducted, cxhmist heat I'rmn thc hmitmg elcmcnt 9 is rcviw-
ered mid is used fiir heating 1he vehicle interior. In ibis case.
when the heating load is low, heating is conducted only by
exhmist heat I'rom thc heating clement 9 without using thc
refrigem tion cycle circuit 90; and when exhaust heat from the
heating element 9 does not satisfy the heating load, the refrig-
emtion cycle circuit 90 is also simultaneously used.

[0036] 1%)ten heanng by means of only exhaust heat from
the heating element 9, the circulation pump 5B and the inte-
rior fan 8 are activatnl and ihe two-iiay valve 26 is simulta-
neously opened to direct the device cooling medium 41B uito
the indoor heat exchanger 7B Since tlm dciicc cooing
medium 4IB has been heated by the heating element 9, radi-
atin heat by the indoor heat exchanger 7B uito the air blown
into the imhiclc interior eimblcs the device cooling midium
41B to be coioled and the air blov n uito the velucle intenor to
bc heated.

[0037] On the other hand, w hen cxhmist heat from (bc lmat-

ing elcinent 9 does not satisfy thc beating load. thc rcfrigcra-
tion cycle circuit 9U is also simultaneously used. In this case,
thc fiiur-way waive 20 is switched as indicatixl by thc solid
line. the dischar e pipe 10 of the compressor I is connected to
the air conditioning heat exchanger 4A, and the suction pipe
11 is connccud to ihc ouMloor lmai exchanger 2 Tints, a cycle
is created in ivhich the air conditioning heat exchanger 4A
functions as a condenser and the outdoor heat exclianger 2

fiinctions as an evaporator.

[0038] The refrigerant 40 compressed by the compressor I
mdiates heat into the air conditioning cooling medium 4IA
by the air conditioning hmii exchmiger 4A thereby condens.
uig uito a liquid. After that. the liquid refriaerant is decom-
pressed by an expansion valve 23 nnd eventually evaporates
and turns uito a gas ui the outdoor heat exchanger 2 as the
result ofheat heing exchanged with outside air and is returned
to ihc compressor I Herein. the cxpmision valve 22A is fully
openel, the expansion valve 22B is Iully closed. and the
cooling heat exclmnger 4B is not used

[0039] The air conditioning cooling mediiun 41A that bas
been heated by condensation heat from the refrigerant 40 in
the air conditioning heat exchanger 4A by the activated cir-
culation punip 5A flows into tlm indoor lmat exchanger 7A,
and radiates heat into the air blown into the velucle intenor in
the indoor heat exchanger 7A. In the indoor heat exchanger
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7B disposed on the dov;nstream side of the air flow, the air
baited by tlhc mdoor heat cxclumger 7A also receives heat
from the device cooling medium 41B heated by the heating
elenwnt 9, and tltc warmed air is blown into the vehicle
&11&C&l&li

[UU40] I'Inis, the configuration is such that the air blo&vn

into the velucle inierior is heated by the refngeration cycle
circuit 90 and then is fiuther heated by exhaust heat dis-
charged I'rom thc heating clmnent 9. Thcrcl'ore, the tcmpcra-
ture of air bio&ra fmm the indoor heat exchanger 7A can
remain lower than thc temperature of air blov;n into the
vehicle interior I'rom the iodoor h&u&t exchanger 7B. That is. &I

ls possible to configure an air conditionuig appamtus tlmt
consnnies less energy for lwsting by the use of exhaust heat
I'rom the heating element 9

[0041] (Defmstuig Operatimi]

[0042] When continuing to operate an outdoor heat
exchan er 2 as ml evaporator, frost sometunes accumulates
on tlho surl'ace of I he heat exchanger. and the defrost ing open-
tion is r&equ&red to ehminate the frost During the defrostuig
operation, the four-way valve 20 and thc three-way valve 21
arc st& itclwd as indicate«I by thc solid linc in FKi 4 Further,
the expansion valve 22Ais fully close«I, and a cycle ls created
in which the outdoor heat exchanger 2 functions as a con-
dcnsvr, and tile cooing heat cxchang:r 4B I'unctions as an
evapomtor. On the other hand. the uvo-way valve 26 is closed
to slmt down the flow to tltc main circuit 31, and the device
coohn medlwn 41B tlo&vs into the bypass circuit 30.

[UII43] When usulg the air conditioning heat exclmnger 4A
as an evaporator, the temperature of the air blown into the
velucle iuterwr teixls to be low Thereliire, by the use of
exhaust heat discharged from the heating element 9 as a heat
source, a drop in temperature in thc vehicle interior isn be
prevented. Fui&I&ermore, &vhen usuig the nr bio&in into the
velucle mtenor as a heat source, defrosting ume may be
prolonged due to flic uisuflirient amount ol'wit Flowcver,
since the device coolutg medium 41B to v,luch the heatutg
c lentant 9 is connected and which maintains high temperature
can bc used us a dcfr&isting beat source. a delrosting heat
source can be ensured, which reduces the defrosting time.
Moreover, by limiting the voluntc of air circulated by the
ulterior lim 8 or stopping the fan during the defrosting opera-
tion, it is possible to inhibit the drop in temperature of the air
blo&vn into the vehiclo interior.

[0044] (Cooling Operation]
[0045] FIG. 3 explauis the cooling operation. I ierein, tile
coollllg operation is the operation mode in which the outdoor
hest exchanger 2 is used as a condenser. und lhc air condi-
tioning heat exchan er 4A and the cooluig heat exchanger 4B
are used as evapomtors. and both the air conditioning circuit
91A uld the device cooling circuit 91B can conduct cooling
operations: and the four-v ay valve 20 is in the state mdicated
bv thc solid linc

[0046] Tlho relyigeumt 40 comprcsscd by the compressor I
ls hquef&ed by heat radiated by the outdoor heat excluutger 2

and then bmsnchc«I by the receiver 24 into the refrigerant
flov ing into the air conduioning heat exchanger 4A and the
refngerant flowing inui the cooling heat exchanger 4B. The
refrigerant fiinving into tbc air conditioning heat cxclmnger
4A ls decompressed by a decompression means (expansion
valve 22A] and becomes lo&v temperature and the pressure
thereof is reduced, tltc rcfrigcrant absorbs heat from the air
condltiomng cooling medium 41A of the air conditioiung
circuit 91A in the air conditioning heat exchanger 4M evapo-

mtes, and is evenmally returned to the compressor I via the
Ihur-&vay valve 20. On tbe other ha&xi, tlw. rci'rigcrant flowing
ulto the cooling heat exchanger 4B is decompressed by a
decompression mern&a (expansion valve 22B] mid becomes
low teniperature mxl tlw prcssure there&if is reduce«I, the
refrigemat absorbs heat from the device cool uig medium 41B
of the device cooling circuit 91B in the cooling bent

exchanger 4B, evaporate&, and is eventually returned lo the
compressor I via the three-way valve ZI.

[0047] Driving the circulation pump 5A provided in the air
conditioning circuit 9LA will supply the air conditlomng
cooling medium 41A cooled by the air condltiotung heat
exchanger 4A to the indoor heat exchanger 7 A. I'hen, driving
the ultenor fan 8 will blow. air cooled by means of heat
exchanged in the indoor heat exclmnger 7A into the vehicle
interior. Fwthcrntorc, drivulg thc mnndation pinnp 5B pro-
vided ln the device cooluig circuit 91B will cool the device
cooling medium 41B heated by the heating element 9 by
means of lwat exchanged in the cwilmg haut exchunger 4B.
Dunng the cooling operation, the uvo-v;sy valve 26 of the
main circuit 31 is closi«I and lhe high-temperature device
coolui &ne«hum 41B flows through thc bypnss mrcuu 30.

[0048] Thus. because both the ur conditioning heai
exchanger 4A and the cooling heat exchanger 4B can be used
as evaporator., &t is possible to snnult meously realire both
the cooling of the vehicle interior and the cooling of the
heating dement 9. Mori«iver, becnuse the air conditioning
heat exchanger 4A and the cooling heat exchan er 4B are
connected in parallel to the suction pipe 11 of tile compressor
I, and each refrigemnt circuit is provided with an expansion
valve 22 W. 22B. it is possible to arbitrarily change the flow

rate of eacli refrigerant tlowing into the mr conditioning heat
exchanger 4A aud the c&to luig heat axe lranger 4B. As a result,
it ls possible to control both the temperature of the device
cooluig &uc«fium 41B and tlw Icmpcrature ol thc air condi-
nonutg rool ui * medium 41 A so that desired temperatures em&

be obtained. Therefore, even w hen the tempemsture of the air
c&mditioning cooling medium 41A is suflicwntly lowwc«I to

conduct coolulg, it ls possible to keep the tempemsiure of the
device cooling nwdium 41B connected to the Iwat in g element
9 high by suppressing tbe fl&m rate of flle re 1'rigenmt fl&m mg
into the cooling heat exchanger 4B.

[0049] In the device cooling circuit 91B shown ln 11(i I,
f&ir example, in winter wlwn ou(side air temperature is low
and the beating operation is conducted. exhaust heat dis-
charged from the heating element 9 is efficiently used for
heating To do so, it is necessary ui suppress as much as
possible the heat escaping fmm the high-tempemture heating
element 9 into the environment and suppress the heat escap-
1&lg fioln tile fcfilgcl'ant pipe cxtcll&hil'i&1&u thc heat&it'lement

9 to the indoor heat exchanger 7B into the environ-
ment On the other hand. for ex unpli. in summer&shen out-
side air temperature is lugs. it ls necessaD to efliciently
release heat from the heating element 9 into the enviroiunent
so as not to mcrease lemperanire of the heatin element 9 and
to cool the heating element 9. Thus, hereafter. a description
w ill bc given about the stnicture to adjust heat radiating I'rom

the hestia eleinent 9 aud the ref'n erant pipe nito the envi-
ronment according to the outside air temperature.

[0050] [I'lrst lieut Radiation Adjustment Structure]

[UU51] I'l(i. I shows a first example of a heat radiation
adjustment stnicturc, which is applied to an electric car. FI(i.
I is a schematic sining the arrangement of each device
when a drive motor 53 is mounted to the front portion of the
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vehicle's body 50. The space 51A of the velucle's body 50
corresponds u& the engine compartmait ol'a conventional
eng&ne car. Ilereal'ter. the space 51A &s referred to as a "motor
stomgc room", and the space 51B is referred to as a "vehicle
ultelllll

[0052] IneachdevicesluiwninVIG.2,otherdev&ces except
I'or the indoor heat exchangers 7A mid 7B lmd the intenor I'an

8 are d&sposed in the motor storage room 51A in I'IG. 1. FIG.
I illustmtcs a n&otor (electric motor) 53 which is thc main
device. an invcrter 54 for control ling the drive o I'the nu&u&r 53,
a decelerator 57 for ampl&fy&ng the torque of the motor 53, a
drive shaft 58 for transnutting thc torque from thc decelerator
to the wheels. a cooling unit 52. m outdcmr heat exchanger Z.

and an outdoor fan 3. The motor 53 and the inverter 54 are
supported by the decolcrator 57, and tlm dcvcfcrator 57 is a

mount structure. not shown, and supported by the vehicle's
body 50. Thus, because the inverter 54 is supported by the
san&i rigid body (dccclcrator 57) as the member i bat supports
the motor 53. the nuitor 53 and the un erter 54 can be located
close to each other; consequaltly, it is possible to cover the
motor 53 and the inve&ter 54 by the same case. as descnbed
later. Therefore, heat radiated into the ambient nir can be
cenunlly ma&uigcd Fiutbermore. by enablu&g thc proximal
arrangement of the dev&ces. such as the motor 53, &nverter 54,
and the decelerator, or providing a one-piece casing fnr them.
0 &s poss&ble to rcxfuce the area of the radiating heat and
suppress the heat md&atulg into the ambient air. Furthermore,
thc length of the pipe 55 cnn bc sfxirtcned, and heat nidiating
nlto the m&b&ent nir can be inhibned.

[UU53] I'he cooling unit 5Z inchides devices (compressor 1,
heat exclrangers 4A, 4B. valves 20. 21 etc.) provided iu the
refngerntion cycle circuit 90 shown in FICi. 2, nnd also
includes circulation pumps 5.A. 5B provided in thc circuits
91A, 91B. Indoor heat exclmngers 7A, 7B and the mterior fan
8 shown &n I'ICi. 2 are disposed &n the velucle interior 51B.
Ficreul. FICi. I onl&B Ihe indoor heat exchanger 7A and the
interior fan 8 In I'IG. I, the motor 53, &nverter 54, and the
decelerator 57 correspond to thc heating element 9 in Fit) 2.

and &bose devices ure connected by means of tbc pipe 55
through which a device cooling medium 41B flows.

[0054] As shown in FIG. l. &hc outdoor heat exchanger 2

and the outdoor fan 3 are disposed &n the forefront of the
motor storage room 51 (left side in the drawing) so that the
heat exchange with outside nir can be alfie&ently conductcxf
The cooluig un&t 52, motor 53, and the &nverter 54 are d&s-

posed behind C&e outdoor heat exchnnger 2 and the outdoor
lan 3. Cicnernlly, the motor 53 and the inverter 54 are struc-
tured such that heat md i ates into the a&nb ieat air by way of the
metallic device housing. and lmat is released according to the
temperature difference between the device la&us&ng and the
surrounding air pius the velocity ofair flolv around the device
housing

[U055] If the cooling unit 52, motor 53, inverter 54, m&d the

pipe 55 tuc disposed behimf thc outdoor heat exchanger 2.

w&nd 71 cm&sed by the movement ol'he velucle or by the
outdoor fan 3 passes througv& the outdoor heat exclbanger 2,

and then tbc w ind blows inn& the cooling unit 52. nxitor 53,
inverter 54, and the pipe 55 located behind the heat exchanger.
When thc cooling lu&it 52 conducts lmating openltion by
sinlultm&eously us&n the refbigerat&on cycle c&rcu&t 90, cold
w&nd from the outdoor heat exchanger 2 blov, s to the dev&ces

thereby i nereus i ng heat md iat in g from the devices out into the
amb&ent air. Consequently. the amount of heat that is dis-
charged from the heating element 9 nnd can be used for

heating the vehicle interior w&if be reduced. On the other
hund, when the cooling unit 52 conducts cooling operation,
hot air I'rmn tbe outdlmr heat cxcf&auger 2 bhiws to thc
dew ices. When conducting cooling operation, the outside air
temperature is comparatively high and heat mdiating from the
heat&ng element 9 into the amb&ent a&r needs to be increased;
however, hot air may reduce tfm cooling ability of tlm heating
elenmnt 9.

[0056] Thcreforc. in Ilm lira& stale&am for'educing heat
mdiation, the heating elements that include the motnr 53,
inverter 54. and decelerator 57, and the pipe 55 throu'& wlflch
a hip&-ten&perature device coolu&g mednun 41B tlows are
accommodated in the case 56 that cnablcs thc adjustment of
md&sting heat u&to the ambient air so that the amount of heat
mdinting from the heating elements into the air in the motor
storage mom 51A can be ad)usted The case 56 is prov&ded
with a vent hole 61A and a vent hole 61B to adjust heat
mdiating into the ambient mr. 11m va&t hole 61A is located at
the vehicle's front s&de ofthe case 56, and the amb&ent outside
air is directed into the case 56 through the vent hole 61A. The
vent hole 61B &s located at the vehicle*s rear side of the aise
56. and a&r &s released from the case 56 tlu ough the vent hole
61B

[0057] The vent hnle 61A is provided with an adjustment
nieCbanism Ihat can adjust th&1 aul(lunt Oi ventilation by
means ol'lec&rial contml. Ad)ustment ol the amount of
ventilation controls the mnount of heat radiating from the
motor 53. invcrtcr 54. pipe 55. m&d Ihc decelerator 57 into the
air. Tlus ventilation adjustment mechanism is, for example,
an air contrnl valve 62 that can electrically control tlm angle.
When suppressuig the &ncomulg and outgo&ng of nir between
the case 56 nnd the ambient alvironment, control is made so

as to close the air cm&trol valve 62, and when increasing the
incoming nnd outgoing of air. control is made so as to open
the air control valve 62 11&e air control valve 6Z is rotatably
supported by a s pung or the 1&ke so that the valve opens when
the drive current is not applied. A specific example of the
stnlcture of the air control valve 62 can bc a throttle valveol'n

enguie. or an electr&cal slmtter used for the ventilator for
the buffdfnv

[0058] The vent hole 61A is a duct-shape as sluiv,n in FICi.

I and is desfgncxf to dirivt air from tlm front of thc vehicle
apart from the beming element 9 This conli urat&on auibles
compamtively low-temperature air to be directed from the
outside of the motor storage room 51A. thereby cfficicntly
cool&ng the heating element 9.

[0059] The vent hole 61B &s provided with an aperture
adjustn&ent mechanism tlmt can mechanically change the
opening area aivording to the pressure dilri.rance at the port
of the vent hole 61B. The aperture adlustment mechamsm &s,

for example, an air-pressure type sluitter 63, which opens
when the nir prcssure in the aisc 56 becomes higher than the
amb&ent outs&de air pressure and releases air from the case 56.
Thus, by providing ci ther one vent hole of tho case 56 tv it h an

aperture adjustment mecharusm that can mechanically open
and close according to the pressure difference before and after
thc vent hole. there is no need liir installing a ncw nir control
valve 62, thereby mak&ng 0 poss&ble to prov&de a s&mpfe

heat-radiation adjusting means.

[UU60] The case 56 is fiirther provided with a blast fan 64 to
control thc prcssure transportation of the air directed to the
case 56. The number of revolut&ons of the blast fan 64 is
controlled according to the amount nfheat to be radiated into



1)S 20[2/0049664 Al Mar. 1, 2012

the outside air from the motor 53 and the inverter 54 or
accordutg to the amount of hmu to be recovered for hosting

[0061] Thc control appnratus 65 is i:lcctnmilly connected
by electric cables, not shown, to the cooing unit 5Z, inverter
54, air control valve 62, and tlw blast Imi 64 This control
appili at(Is 65 cillcilfati's Ilia vii1illlle ol (Ill'ii be flown through
the vent hole 61A and the vent hole 61B based on the drive
state of the cooling unit 52, lliot(ir 53, and thc immrter 54 as
mell as based on the informauon such as the vehicle speed,
mnbient air tempemmre. tlie vehicle interior air temperature.
and so on, thereby controlling the dove state of the air control
valve 62 and the blast fan 64.

[006Z] Whenaiubientairtemperatureislov,andthevelucle
interior air temperature needs to be increased, or u ben an
operator has started the heatuig opemtioiu the control appa-
ratus 65 starts the heating operation of the cooling unit 52.
During the hmiting operation, exhaust heai discharged I'rom

the hestia element 9 is reciwered as stated above and used
for heating the vehicle interior. To suppress heat radiating
from the heatutg element 9 into thc ambient mr and utilize as
much heat as possible for indoor heating, the control appam-
tus 65 c loins the air control valve 62 aml stops or rcsfuccs thc
rotation. of the blast fan 64. By doin so. heat transportation
from fiie air in the case 56 into thc air in the motor storage
i'oolil 5 I A is limited to heal conduction via thc case 56, and
the motor 53, inverter 54, pipe 55. and the decelerator 57 are
nor alwnys exposed to tlw tmveling wind 71, tints, hmit mdi-
unn into the ambient air can be suppressed.

[01163] Accordingly, it is possible to uicrease the amount of
heat that can be recovered from the heating element 9 during
the heating operation, u inch resul(s in the reduction of power
consumed by heating.

[0064] When mnbient air tmupcrature is high and the
velucle intenor air temperature needs to be decreased. or
when an operator has started cooling operation, the control
apparatus 65 starts cooling the cooling unit 52. Dunng the
cooing operation, there is no need for using exhaust heat
discharged from the heating element 9 for heating. However,
when mnbient air teniperature is high. it is necessary to efli-
ciently cool the heating element 9 by utilizing traveling ts ind
71 and heat radiating into the ambimit mr Thcrcforc. Io

increase heat radiating from the heating element 9 into the
mnbient nir and suppress pinvam of tlw cooling unit 52 con-
sumed by cooling tbe devices, the control apparnius 65 opens
the air control ~siva 62 and rotates the blast fmi 64. Rotation
speed of the blast fan 64 can be changed according to the
unount of heat to be radiated into tire ambient air. By doing
so, air flows tluough the case 56, heat mdiating from the
motor 53, invertcr 54, pipe 55, and thc dccclerator 57 into the
ambient air can be effectively increased. Accordin ly, it is
possible to efliciently cool the heating element 9 during the
cooluig operation. ivhich results in thc reduction of primer
consumed by cooling the vehicle intenor and the devices.

[0065] When outside air temperature is optinnmi I'or an
operator aud ad)ustment of the velucfe uitenor air tempera-
ture is not necessary, the control apparatus 65 controls the
drive of the air control valiu 62 and thi: blasi fan 64 according
to the condition of the heating element 9. When heat radiating
from tlw heating clenient 9 into the air is not necessarily
suppressed, the air control valve 62 enters the open state (no
application of current) and the blast fan 64 stops operating;
thus, tlie device cooling ability as natiiml uir cooling can be
ensured wlule suppressuig the power consumed by the air
control valve 62 and the blast fan 64.

[0066] I'urthermore, since the air control val~e 62 has a
mccfmnism to enter the open-valve state when current is not
applied (normal open). even d an electncal failure occurs to
thc control apparatus 65 or the air contml valve 62, hant
radmting f'mm the hcating elcnielit 9 into the ambient air cmi
be ensured. Altlxiugh the amount ofgenerated heat that can be
used fiir heating decreases in this state, it is possible to avoid
thc deteriomtion of travel perfonnance duc hi nn excessive
increase in tempemture of the heating element 9.

[0067] On the otlwr hand, even ivhcn the vehicle interior air
temperature does not have to be adjusted, but lubncanon oil

temperature of the decelerator 57 needs to be efficiently
increased to reduce the gear loss of the decelerator 57. the ur
control valve 62 is closed and the blast fan 64 is controlled to
enter the stop state By doing so, it is possible to suppress the
amount of heat radiatuig from the decelerator 57 into the
ambient air. which makes it possible to incrosse lubncation
oil temperature ol'the decelerator 57 in a short time.
[0060] By providing a case 56 that cmi adiust the volume of
internal air tlow, it is possible to adpi st heat radiating from the
heating element 9 and the rei'ngerant pipe uito tire environ-
ment according to the outside uir temperature and so on.
[0069] It is dmsirable that tlhe niatcrial of tlhe cssv. 56 is

excellent in the heat uisulat ion properu as, Iww ever. the mate-
rial can bc a metal. Furthermore, by providing a double wall
for the cnsv. 56. a mcial material can have sufficient heal
uisulation eflects
[I)t)70] In FI(i. I, a cooling unit 52 provided with a refrig-
eration cycle circuit 90 is a component to rmilize the fimction
to heat the vehicle intenor: however. the heating means can be
configured from a radiator, wnter pump. and an indoor bent
exchanger (heater core) that have been commonly used in
conventional gasoline engine cars, and the like. That is. due to
the effects of thc case 56, stater temperature of the heater is

increased during the heatuig operation, and when heating is
not necessary, heat mdiating into the ambient air can be
increased.
[0071] Furthermore, in Fl(i I, tlw nwtor 53, inverter 54,

pipe 55 and the decelerator 57 ai'e acl:ollllllilil'iteil lii nile cilsl:

56; however, each device can be individually enclosed by a
casi'. made of Iwat insulation material Fuithermore, the cool-

ing iuut 52 mid heat generating devices. such as DC'DC
converter (not shown) and a battery chamer (not shots n), can
be accommodated in a case that has the same fiinction as the
case 56.

[Second Heat Radiation Ad] ustmmit Structure[

[0072] I'10, 5 shows a second example of a heat radiation
adjustment stnicture. and it shows the application to mi elsem

tric car in thc sanw. mnnner as tire first eximiple in FI(i l.
Herein. the same configuration and operation as the first
example in FIO I will be omitted.
[0073] InFI(i 5, a part ofthe case 56 is shared by a part of
the vcfiicle's body 50 A cmse nwmbcr 56B is disposed ut thc
bottoin surface of the lwod 50B of the vehicle's body so thnt
it can be configured as one member of the case 56. Further-
more, the bulkhead 50('elm cmi tlw motor stomgc room 5 I A
and the veluc le interior 51B is also configured as one member
of thc crise 56 (case li'lclnber 56('). fhe casu member 56('s
composed of a bulkhead 50C and heat insulation matenal
bonded thereto. I'urthennore, a case cover 56D having excel-
lmit lwat insuhuion properties is installed at the bottom sur-
face of the heating element 9. The case 56 is composed of
those case membem 56B, 56C, and the case cover 56D. By
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tints sharing a part of the case 56 by a part of the velucle's
body 50. it is possible to cmiligure thc stnicturc with a com-
panitively simple-shape case member and a cover uithout
making a complicated slmpe by tracing tlm uneven shapes of
flic heating element Cottsequentfy. it is possible to re«fisc a
low-cost drive unit. Furthemiore. if a part of the case 56 can
bc shared by a pan of thc vehicle's body 50, it is possible to
reduce the weight of the case member mount al «i the heat uig
element Moreover. since case members 56B. 56C mounted
to thc vehicle's body 50 are not easily alri.cted by vibration of
the motor or the decelerator, it is possible to conhvure a

highly reliable case 56.

[OU74] I'he air control valve 62 in FICi. 5 can change the
amount of ventilation by ihe rotation of the multistage tlap.
By doing so, a larger opening area of the vent hole 61A can be
ensured. which eimbles the hestmg elanent 9 to bc more
efliciently cooled by a larger amount of air. I'urthermore. the
tlap of the air control valve 62 is stnictured such that when a

pressure is applied I'rom the front of the vehicle, tlw flap
rotates so that it can open. By doing so, even if an electrical
failnro occurs to thc control apparatns 65 or the air control
valve 62, heat radia1ing I'rom the hestia elenmtit 9 into the
mnbient mr can be ensured during traveling. In this state.
although thc amount of gcucratcd heat that cmi be used for

heating decreases, it is possible to avoid the deterioratliill of
travel pcrfonnmice due to mi excessive increase in tanpera-
turc ol'hc lasting clauait 9

[0075] [Tlurd Iieet Radiation Adfustment Structure]

[0076] I'IG. 6A mid I'ICi. 6B show a third example of a heat
radiation adjustment stnicture. Herein, the same configum-
tion and operation as the previously shoun structural
examples trill be onutted.
[OU77] In 11Cr. 6A and FICf. 6B. a plurahty of slit-like vent
l«iles 61 A arc disposed, and there is provided a slide valve 82
for contmlluig the openuig and closuig of the sli1s. Tire ur
cofltlol valve 62 1s collip(ised of a Itlellilicl 1li 'u lllcll tile slits
are lormed and a slide vahv. 82 This configuration ensures a

large opening area of tlie vent hole 61A, which enables the
heating elenmnt 9 to bc more cfficicntly cooled by a larger
unount&if ar.Furthermore suicepressureofpassnigairdoes

not easily act on the direction in wliich the slide valve 82
operates (vcnical direction in FICi 6B), it is possible to drive
the side ~siva 82 by a comparatively small motivity. More-
over. in this example, a description was given about the struc-
ture in which ifm slide valve 82 irmwlatcs: l«iisever, the slide
valve 82 may rotate.

[0078] In lil(i. 6A, the motor 53, invener 54, mid the decel-
erator 57 share the metal case, thereby forming an integrated
structure. This means that the invener 54 is supported by the
motor 53 and the decelerator 57. or the im erter is supported
by ihe same rigid body as flic member that supports the motor
53, and the motor and the invener are covered by the same
case This configuration realizes a small case 56 for heat
iusufat«ut. thereby providing a small drive unit.

[0079] I'urthennore. ui I'ICi. 6A, uoh respect to the longi-
tudinal direction of the drive shaft, the drive slmA 58 pen-
etratcs thc case 56 on thc motor side (dccclcrator side) 58A
thereof and not on the wheel side. The drive shaft 58 signifi-
cantly oscillates on the v heel side tlmreof due to vibration of
the uhals and steering of the wheels. That is, the oscillation
rmige of the drive shaft 58 on the decelerator side 58A is
comparatiimly small. Thcrefiirc, by thc drive shaA 58 pai-
etrating the case 56 at a location close to the decelerator side
58A ratlier than at the carter of the longimduml direction of

the dnve shaft. the hole in the case 56 tftrough wluch the drive
slmA penctrates am bc made small, thereby making it pos-
sible to provide a case 56 having fust heat ursula«on perfor-
mance. That is. by making a through lxile in the case 56 small,
it is possible to suppress the iunount el'air leakage as ivell as
suppressing heat radiating from the case 56.

[0080] [Fourth Iieet Raduition. Adiustment Stnicturej
[0081] FICi 7 shows a fourth example of a heat radiation
adiustment structure. IilG, 7 is a view of the drive unit seen
from the front of the vehicle. Herein, the same conhguration
and operation as the previously shown structunil examples
will be omitted.
[0082] In the same manner as the third cxmuple shmsn ui
FI(iS. 6A and 6B, in Fl(i. 7. with respect to the longitudinal
direction of thc drive shaft. tlm drive shatl 58 pcnetratcs thc
case 56 on the motor side (decelerator side) 58A thereof and
not on the wheel side. Although the drive shaft 58 oscillates
duc to vibration of the wheels and stecrin ol'thc wheels, thc
oscillation of the drive shaft 58 on the decelerator side 58
thereof is comparatively small 'I hereforc, by the drive shaft
58 penetmting the case 56 on the decelerator side 58 thereof,
the hole in the case 56 tltrouvP which the drive shaA pen-
etrates can be made smafl, thereby making it possible to

pmvide a case 56 haviiig lugh heat insulation perfomiance.
That is. by making a tftiough hole in the case 56 small. it is
possible to suppress the amount of mr leaks c as well as
suppressuig heat nt batuig from the case 56.

[0083] ln I'IG. 7, the case 56 covers only the loiver part of
the inverter 54 instead of covering the entire inverter 54.
Furtfmrmore, thc upper pan of the iiwcncr 54 is covered by a

heat insulation cover 84 having an excellent heat uisulat«in
properties. If the lower part of the inverter 54 radiates more
heat thats other porno«of'the inveiter 54, by covenng only the
lou er part of the inverter 54 by the case 56 as stated ahorse, it
is possible to recover the sullicimit amoimt ol'heat 1'rmn thc
heating element 9 and reduce the power consunied by the
heating operation. Furthenuore. by covering the upper part of
thc invener 54 by a heat insulation coi er 84 having excellent
heat insulation properties, it is possible to suppress heat radi-
ating from the upper part of tlm inverter 54 although the
anioum ol'eat is comparaiiiwly small In ibis casse if the
amount ofheat radratuig from the upper part of the inverter 54
is small, it is possible to sufliciently cool the entire invcrter 54
uiihout rcquinng the adtusunent of bait raduiun from the
upper part of the inverter 54 by using a heat radiation adjust-
llig l1malls

[0084] [FiAh S1nicture for Reducing Heat Radiationj
[0085] FIG. 8 shows a fifth example of a heat radiation
adjustnient structure.

[0086] 11(i. 8 shov;s an example in which the drive unit is
installed on the rear u heel shall of the vehicle. Furthermore,
ui the example shoivn in I'ICi. 8, a cooling uiut 52 equipped
with a refrigeration cycle circuit 90 is not usccdf as a compo-
nent. but the heating mains is cimiposed of an outdoor heat
exchanger(radiator) 2, an outdoor fan 3, a water pump, and an
indoor heat cxcfiangcr (hca1er ccrc) 7B Tlm coolin unit 52 is

equipped with a control valve for su nchuig the ivater pump
and the flov passage
[0087] The aioling nuit 52 usually circulates cooling v ster
to the heatuig element 9 and the msdiators (the outdoor heat
exclianger 2 and the outdoor fan 3) (a-direction and b-direc-
tion in FICi. 8). %rhea conducting the heating operation, the
c-direction flou passage ui 11G, 8 is also made conductive.
and heat from the heating element 9 is supplied to tlie vehicle
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interior via the indoor heat exchanger 7B. When cooling
water &crllpcranlrc is too low &o require conti&1 bv tile railla-
tors (the outdoor heat exchanger 2 mid the outdoor fan 3),
circulation to the rarliators (the outdoor heat exchanger 2 and
thc outdoor fmi 3) is sluit down. and tbe cooling ivater is
circulated between the heating element 9 and the indoor heat
exchanger 7B (a-direction and c-direction in I'I(i. 8)
[0088] Inthewamemannerns tirecasein pif).5,a part oftbc
case 56 shown in FIG. 8 is also slmred by a part of the
vehicle's body 50, therefore. it is possible to make a case
member mounted to the heatuig elements hght. Furthermore,
the volume of air generated by driving the radiator fan 3 is
simultmreously used as the volume ofair generated by drivurg
a blast fan 64 of the case 56. By doing so. it is possible to
reduce the number of fans, tvhich can realize a small low -cost
drive urut.

[0089] As stated above, a drive miit for an electnc vehicle
acmorduig to the embodimems is equipped with a device
cooing circuit 91B that crrculates a device cooling m&xlium

41B benveen tire motor 53 which is a device for electrically
driiurg the velucle, the inverter 54, aix! the indoor lieut
exchanger 7B, and releases the heat absorbed from the
devices into tlm vdiicle interior air in tlm indoor heat
exchanger 7B As a heat-radiation adlust&ng means fiir sup-
pressing heat radiating from the devices into the ambient air,
tlm drive unit fiir an clcctric vehicle according to the mnbodw
ments is equipped v,ith a case 56 made of a heat insulation
material that covers the devices and can adjust the voliune of

a&I'0090]
By providuig such a heat-radiation adjusting means.

when heating the vehicle interior air, heat radiating front the
devices uito the ambient air can be inlubrted and heat
absorbed from the devices can be efficiently released into the
vehicle interior air: and ivhcn not lmating the vehicle imcrior
arr. heat nidiatuig from the devices into the ambient air is
increased and cooling of the devices can be efficiently con-
ducted
[0091] Bach of the above-mentioned embodunents can be
usvd indivi&hmlly or can be used ui combiiuiuon brvmisc
effects ol each embodiment can be utilized univ&dually or
synereisticafly. Furthermore, as long as the clmnicteristics of
the present invmition are not dctractcd. the present invention
is not lunited to the above embodnnents.

What is claimed is:

l. A drive unit for an electric vehicle conipns&ng
a device for electrically driving a vehicle;
a heat transport system tiir tmn sporting heat absorbed fmm

thc device into the velucle interior air, and
a heat-radiation adjusting system for adjusting the amount

of heat rmliatcd from thc device inn& tfic mnbicnt air
2. The drive unit for an electric vehicle according to claim

1. wherein the heat-radiation adjusting systmn adjusts the
amount of heat mdiatuig into the ambient air accorduig to tire
temperature of the ambient air or the temperanire ot'he
vehicle interior air.

3. The drive urut for an electric vehicle accorduig to claim
2, wficrein the heat-radiation adjusting system suppr& sacs the
amount of heat radiating uito the ambient arr when heating the
vehicle interior nir.

4 The drive umt I'or an electric vefiicle according to claim
I, wherein the heat-radiation adjusting system is configured
by a case to ensure an air layer around the device, and the case
bas a vent hole the opemng nrca of winch is electrically
adjustable.

5 The drive unit fiir an electric vehicle according to claim
4, i&herein the vent hole enters tire open state when electnc
current is not applied.

6. The drive urut for an electnc velnc le accorduig to claim
I, wherein tire heat-radiation adlusting system is configured
by a case to ensure an air layer around thc device, and the case
has a vent hole, and the vent hole compnses an inlet side vent
hole through v hich air flows uito the inside of the case and an
outlet side vmit la&le tbmugh v hich arr flows out, and either
the inlet side vent bole or the outlet side vent hole rs equipped
with an adjustment meclmnism to adlust the amount of ven-
tilation by means of electrimil control, and the other vent lmfe
is equipped with un adp&stment mechanism to change the
opening armi mcclumically according to thc pressure difti.r-
ence before and after the other vent hole.

7. The drive unit for an electric veliicle according to claim
I, ivbcrein thc lmat-radiation adjusting system is configured
by a case to ensure an arr layer around the device, and the
lmat-radiation adjusting systmn has a fan fiir adjusting air tlmt
flo~s into the case.

8. The drive umt for an electric vehicle according to claim
4, wherein thc devices for clrectrically driving the imhicle arc
an electnc motor and an inverter for controllurg the dove of
the electric motor; and the inverter is supp oncst by the electric
nxitor or is supported by the same rigid body as tlm nmmbcr
that supports the electric motor, and both the electric motor
and the inverter are covered by the case.

9 The drive urut for an electnc velncle accorduig to clean
I, ivherein a dove shaft for transmitting the dove torque from
thc clectnc nuitor to i&heels of the electric imhiclc pcnetratcs
the case. and the location at wluch the drive sf&aft penetmstes
the case is on the electric motor side of the drive slmft in the
longitudiiml direction there&if

10. The dm e uiut for an electnc velucle according to claim
I, wherein a part of thc vehicle*s body is a part of tlm case.

11 A dnve unit for an elcectuc vehicle con&prising.
an electric motor for driving a vehicle:
an invcrter fiir controlling the electric motor,
a pipe tluough wluch a cooling medium tlows. the pipe

conncwun the motor mid/or the inverter to a hmat

exchmiger disposed ui the intenor of the vehicle; mid

a case configured to accommodate the electnc motor and/
or the inverter, the case ha~ing an adjuster to adjust the
volunm of air passing through the inside of tlm case.
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