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recovered bcut, mi air coiulitioning imit heating air v ith the
hot cooling v.aier of the passage to pmduce a temperature
controlled air, mi air duct, a water beater attaclied to the
boiumi surface of a battery pnck. and ao electric heater
attaclmd side surlaccs of tlm pack Thc conditioning umi
blows the controlled ur ag nnst the battery pack tlmiugh the
duct The enter beater recewcs ihe hot cooling water of the
passage and raises the temperature of the battery pack The
ch:ctuc heater subsidiarily warms thc baucry pack ivitb heat
generated from electric power of the pack.
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TEAIPKRATURK (.'ONTROI. DEVICII FOR fore, I'uel consun&ption is undesirably increased so as to dete-
Oiv-BOARD BATTERY PACK riorate fuel economy of the vehicle.

(:ROSS-RFFERFN('E, TO RFLATFD
APPI I(:ATION

Th&s apphcat&on is based upon and claims the benefit of
priortty of the prtor lap u&ese Patent Appl&cat&on 2007-
246067 tiled on Sep. 24, 2007, so that the contents of wlflch

are incorporated herein by reference.

BA('K(IROi JND OF THF, IN'&TNTION

1. Field of the Invention

The present n&vernon relates lo a temperature coutml
de~ice which regulates the temperature of a battery pack
nlountcil &n a vch&clc.

2. Descnpt&on of Related Art
A battery temperature control dev&ce for regula&&ng the „,

temperature of a battery pack mounted in a vehicle is dis-

closed u& I'ublis1&ed Japanese I'atent First Publication No.
2004-1674. In this device, to prevent the temperature of the
battery puck from being excessively heightened. Ihe tempera-
ture ofair is regulated in an air control unit, and thcmmpera- "

ture-controlled a&r (here&rafter. called controlled a&r) is led
from the control un&t to the battery pack thn&u(rr& a duct to
regulate the temperature ol'he bauery pack. Therefore. the
control un&t can prevent the temperature of the battery pack
I'rmn being excessively heightened, so that lhc battery pack is "n

not degraded
In contrast. &chen the tempemture of the battery pack is

cxccssivcly lower& d, &I is ri quired to raise thc tcmpcraturcol'he
battery pack I'or the purpose ofpreventu&g the output ol'the

battery pack from being louvred Becm&se vehicles Imving "»

water co&&led cngincs arc usually us+i. a cooling ivalcr ol'hc
eng&ne &s heated by the heat genemnted u& the engine, and the
control unit produces hot air by usinv thc heat of the hot
cool u&g wuier. Therefore, wfmn tlm bol air is blmvu agidnst tbc
battery pack, the temperature of the battery pack can be sn

utcrcasi'.d
Ikiwever, the rate ofheat transfer requ&red to want up the

battery pack is approximately five times higher than that
required to cool the bnttcry pack Therefore, as compared
w&th a case where the warmed battery pack is cooled down, s.

when the hot air is blown against the battery pack, the mte of
heat transfer to the battery pack &s insuflicient to warm up the
pack. 'Il&erefore. &t takes a long tune to warm up the exces-
sively coi&led batteD. pack. or it is diflicult to sufiimcmly
warm up the cooled battery pack to a desired temperature. n

Especially. when the driving opera t&on of the cooled eng&ne is
startcsI on condit&on &hat the temperature ol cool&ng u sterol
the enrpne is considerably lowered. &t takes a long tune to
produce hot air in thc control unit. Tlmrcfore, it is dilficult tn

quickly or rehably raise the tempert&ture of the bauery pnck s

Vurther. thc thermal diffi& sion from ends of the battery pack
lo Ihc vehicle compartment is larger than that from thc cemer
of the battery pack. WJ&en the battery pack is gradually
warmed up, a temperature difference inevitably occurs in the
battery pack Tlmreforc, it is diIT&cult to uniformly &vann the m&

whole battery pack.
Moreover, there is an idea that the charging and dischnrg-

&ng operat&ons are repeatedly performed

&niche

battery pack to
generate the heat in the battery pack by using the interrml
resistance of tlm peel . Hmvevcr, although thc battery pack (
can be quickly and uiufonuly u:nm&ed up, the electrtc power
of the battery pack is ussxl only for wanting the pack. There-

SUMMARY OF THI', INYENTION

A main object of the present invention is to provide. with
due cons&deration to the dmu.backs of the conventional. a

temperature control dn:ice which quickly and sufflciently
raisvs the tcmpcraturc of mi iin-board bat&cry pack without
u&creasing h&el consumption.

A subordu&ate object of the present mvention is to provide
a temperature control dcv&ce which unifiinnly raises the tmn-

perature of the battery pack.
According to a first aspect of this invention, the main objecr

is acluevml by the provision of a temperature control device,
comprising an air conditioning unit that regulates the tem-
perature of air to produce a tmupcrature controlled air and
outputs a portion of&he tmnpertilure conlroflcedI air to a velncle
compartment, an air duct through which a remaining portion
&if the temperature cm&&rolled air is Icd to a battery pack s(& as
mi be blown angainst the battery pack. and a tluid heat&ng

member, attached to the battery pack, that raises the tempera-
ture of the battery pack uith a heating tiuid heated by an
engine or heated with exhaust gas ot'he engu&e.

With this strt&cnire of thc temp cram re control device, when
the dm &n opemnt&on of the en ine is started, the temperature
of the cooling water is raised. The air cond&tioning unit pro-
duces the temperature conlrofled air by heatmg air &sith the
hot cooling water. blows a portion of the temperature con-
troflcd air to tlm vehicle con&portment and blou s the remain-

ing port&on of the temperature controlled a&r aga&nst the bat-

tery pack through the air duct. I'urther, a heat&ng fluid is
bested by thc engine or lmatcd with the exhaust gas ol'hc
engr&e, and the fluid heat&ng member attached to the battery
pack mises the tempcranire of the battery pack tv ith tlm heat-
ing fluid

Accord&n ly, because the battery pack &s heated u&fl& the
heating fluid of the fluid heating member, in addition to the
heating imth the controlled air, the Icn&peraturc ol the battery
pack cm& be reliably raised.

Further, because the battery pack is directly heated with t1m

heating flu&d without using any air intervening betv;een the
fluid heating member and tl&e battery pack, the rate of heat
transfi.'r based on the tluid heating member can be consider-
ably increased as compared with a case where the battery
pack is warn&ed up only by the controlled air Accordingly, the
temperature of the battery pack can be quickly and rel&ably

m&sed.

To achieve tlm subordinate object, it is preferred Ihat the
temperature control dev&ce further comprises a first temper&-

nire sensor disposed at the center ofthe battery pack, a second
temperature sensor disposed at m end of fl&e battery pack, an
electnc heater attached to a s&de surface of the battery pack
adjacent to thc end nf thc battery pack, and a tcmpcraturc
control

urn&.

The lira& temperature sensor measures Ihe tem-
perature of the battery pack at the center of the battery pack.
The a&mond tcmpcraturc svnsor measures thc tempcraturcol'he

battery pack at the end of the battery pack The electrtc
lmater receives electric power. generates heat from the elsem

Iric power and misvs tbe temperature ol'tbc battery pack v ilh
the genemted heat. The temperature control iu&it controls the
electric power received by the electric heater accnrding to
measured results of the temperature sensors to re ulate the
temperature of the battery pacl .

(icnemlly, heat at the cnd of the battery pack is easily
diss&pated as compared with heat at the center of the buttery
pack. fherefore, the temperature of tl&e battery pack at the end
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of the battery pack is apt to be lov;er than that at tlm center of
the battery pack. Howa or, the electric heater is attached to a

side surface of the battery pack adjacent to the end of the
bauery pack iuid warms up the side surliace of the battery pack
with thc bait generated by thc electric potter of the batwry
pack.

Accorduigly, the tempemture of the battery pack cmi be
uniformly raised.

According to n sccwid aspect of this invention, tlm mnin
i(1

oblect is aclueved by the provision of a tempemture control
device. comprisinvg ai air condinoning unit that regulates the
temperuture o I'air to produces tempi ranire controflcd air and
outputs a portion ofthe temperature controlled air to a vehicle
compartment, an air duct through wluch a renmining portion „
of the temperature controlled ur is led to a battery pack so as
to bc blown against the battery pack, a lmat rccovcty unit that
rccovcrs heat ol'the exhaust gaw a fluid circulating passage,
comnnmicated with the heat recovery unit. in wluch a heating
thud is circulatal whde receivutg the recovered heat I'rom the o

)lail t i ecoveiy ii lilt. allil a flili d heat illg lilt lllliel. ill tel lli d tii tile

battery pack, that raises the tanperature of the battery pack
with the heating fluid circulated ui the ihud circulatuig pas-
sage.

With this structure of the temperature control device, in the "-'ame

manner as in the first aspect. the air conditionuig unit
blows n portion of the temperature controlled air to the
vehicle compartnwnt mid blows tlm remaining pun ion of the
temperature controlled air agmnst the bauery puck tlimiugh
the air duct. Further. n heating ihnd arculated in the ihiid ""

circulatuig passage receives the heat rccovcrcd lrwn thc
exhaust gas in the heat recovery umt. nnd the fluid heatui
member attached to the battery pack raises the tcmpemture of
the battery pack with the lmdimg lhndl

Accorduigly, because the battery pack is heated with the ""

lw iting tluid of the tluid heating meniber, in addition to the
heating with the cowroflal air, the temperature of'he banery
pack can be reliably raised.

Futtlmr, because the battery pack is directly heated with the
heanngihudwithoutplacinganyairbetweenthefluidheating da

member and the battery pack, the rate of heat tmnsfer based
on tlm fluid heating manber can be considerably increased as
compared with a case v;here the battery puck is warmed up
only by the controlled air. Accordingly. the tempemture of the
battery pack can be quickly and rehably r used d.

BRIEI'ESCRIPTION OF TIIE DR.AWINGS

FIC) I is n schematic view ol'a temperature control device
for an on-board battery pack according to the lirst embodi- u

ment of the present invention;
FICi 2 is a plmi view oBlie batten puck seen )rom the upper

side of a vehicle;
FRi 3 is a sectional view taken substantially along linc

III-IH of FICI 2, 6

FIG. 4 is mi exploded side vieiv, partially in cross-section,
ol'd piittioll of d liest Lxcliaiigcl sllirlili ili FI(i. I,

I'ICi. 5 is a side new. pnrtially m cross-section, of the left
half portion of the heat exchanger shown in I TG. 4;

FICi 6A is a schematic side view shoiving tlm internal sc

stnicture of a heat storage tank set in the water holding state:
FRI. 6B is a schematic side view showing the internal

structure of the heat store e tank set in the water bypass state;
and

FIC). 7 is n sclmmatic view of a tempcmturc control device r
for an on-board battery puck according to the second embodi-
ment of the present invention.

4
DFTAII,FD DI.S('RIPTION OF THI', PRIIFI)RRFJ)

EMBODIMI='NTS

Embodiments of the present invention will noiv be
described with reference to the accomp uiyuig drawings, ui
which like reference numerals indicate like parts, members or
elements througlxiut thc specilication unless othcrtv iso. indi-
cated.

Enibodiment I

FICi. I is a schematic view ol'a temperature control device
for an on-board battery pack accordin to the tirst embodi-
Inelit A teflipi:ratillc c(illtlol ilcvice 101 shov n in Fl(i I is,

llor ex nnple. disposed one hybrid vehicle whicli has a ivater-
cooled internal combustion aigine 1 nnd an electric motor
foot shown) as a driving power source The electric motor
receives electric po~er from an on-board battery pnck 40 to
nin the vehicle in coopemtion with the aigine I The device
101 is used to warm up or cool down the battery pack 40

As shown in FIG. I, the control device 101 has an air
conditioning unit 10 for regulating the temperature of air to

pm duce s temp couture controlled air and biowuig a portion of
the controlled mr toward a vehicle compartment. an mr duct
30 tltiough which the remaining portion of the controlled air
is led to the battery pack 40 to regulate the temperature of the
pack 4U, and a hot w uter heater (or fluid heating member) 44,
directly attached to the lxit tom or lou er surface of the baueD
puck 40, for recco ing hot cooling water heated ui the engine
1 and/nr heated with cxhnust gas of thc engine I ns a halt
siiurceandheatingthepack40withthehotcoohngwater The
duct 30 counects a battery opening 29 of the conditionuig uiut
10 disposed at tlm downstream side of the unit 10 and a duct
connecting portion 41c of the battery puck 40.

To cool the engine 1 heated during the driving operation,
coobng. water is used. When ibc drivin operation of'he
enguie 1 is started, the coo luig water is heated to become the
hot cooling water The conditioning unit 10 heats air with the
hot cooluig water to produce tanpcrature cwitrollcd air Thc
conditioning unit 10 blov;s a portion of the controlled air
tow nrd a vehicle amipnitrncnt Tlm remaining portion of tlm
controlled air outputted from the ciillclitioning unit 10 is fed to
the battery pack 4U fluougvt the duct 3U and is blown against
the pack 40 to regulate the tcmpcwturc of the pack 40 Fur-
ther, the hot water heater 44 receives the hot cooluig w uter as
a heat source. Because the heater 44 is directly attachixi to the
bottom or lower surface of the pack 40. the heater 44 directly
heats the pack 40 w ith the hot cooling v;ster ivithont placing
any air betiveen the heater 44 mid the park 40.

Accordin ly, because the pack 40 is wimted by the heater
44 in addition to the controlled nir of the conditioning unit 10,
the temperature ol'the puck 40 am be reliably uid suflicicntly
raised. Iiurther, because the heater 44 directly heats the pack
4 0 with thc hot cooling tv ster without placing any ni r bcnvecn
the heater 44 and the pack 40. the rate of beat transfer to the
pack 40 is considembly increased Accordingly, the tempera-
ture ol'he pack 40 can bc quickly raised

The control device 101 may have an exhaust gds bent
exchanger (or heat recovery iuiit) 60 fiir recovering the heat of
exhaust gas passing tlmiu h an exhaust pipe 2 of the cnginc I,
a cooling water circulating passage 50 in which the cooling
wata is circulated through the engine I, tlm conditioning unit
10.theheatexchan er60andtheheater44. midaheat stoa e

tank 70 disposed in the passage 5U. When the driving opera-
tion of the engine I is started. the cooling water is circulated
in the passage 50 by a circulation pump (not shown). Iiurther,
the engine 1 is heated, and the engine 1 outputs exhaust gas to
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5
the pipe 2 Therefore. the cooling &tater is lw &ted by the
en &ne I and is heated wrtb the recovered heat &n the heat
exchanger 6U. and the lmt cooling water is circulated &n the
passage 50 The conditioning unit 10 lmats air with this hot
coobng water und heats the pack 40 with the controlled air. s

fhe 1&eater 44 heats the pack 40 w ith tire hot cooling tv ster.
Further. the umk 70 stores a major portion oi the hot cooi-

&ng water circulated in the passage 50. When the engine I is
not opernt in g, the hot cooling water o I'he pasw&gc 50 is easily
coohxI. but the tank 70 still stores the hot cooluig v;ster while ui

minimizing the heat dissipation from the hot cooling water.
When &he driving operation of thc engr&a 1 is restartexI, the
cooluigwaterisc&rculatedthmughthepassa e50.andthehot
cooling wamr of tlm tank 70 is mixed with the cooling wnter
ol'he passage 50. Thereliirc, the temperature of the cool mg
water of the passage 50 is inunediately raised. Titan, the
engine I nnd &lm hca& exchanger 60 fiirther heat thc cooling
water el'he passage 50 to circulate the hot cooluig water set
at the sufflciently high tempemture in the passage 5 U, and this
hot cooling water is supplied to the heater 44 and the condi- o

tioning unit 10. Accordin ly. even when the operation of the
engine I is stopped for a long time, the temperature of the
cool uig &vater can be quickly rue ed by the tank 70, so that the
temperature of the pack 40 can be quickly and reliably m ised.

Tlm control device 101 may have a second circulating "

passage 51 that &s branched from the passage 50. passes
through the hot water heater 44 and is returned to the passage
50 at a ran&slip&ill&&, &I tliiee w &IV valve 52 disposed at the return
point or branclung point to allo&v the flow of the hot cooling
water circulated through tlm passagc 51 or to stop thc flow of io

the hot cooling &vater circulated &hrougli the passage 51. a

plurality of battery pack tempemture sensors 47 attached to
the pack 40, mid a battery pack temperature comrol unit 49 for

controlling the valve 52 according to the measured result oi at
least oiw. of thc tmnperaturc sensors 47 to regulate the tem- "»

perature ol'hc pack 40 Thc tcmpcmture am&aors 47 are.

respectively, disposed at the center of the pack 40. a front end
of tlm pack 40 positioned on the upstream side of the pack 40
ui the flov direction o I'the controlled a&r Icxi to the pack 40 und
a rear end ofthe pack 4U positioned on the downstream side of so

the pack 40 in the flov dirccction to measure the tcmpcraturc
of the pack 40 at the center mid the ends of the pack 40.

When the control unit 49 judges according to the measured
resul& of at least onc of &lm tcmpcranire sensors 47 that the
tempemture of the pack 40 is too low to sufflciently output ss
electric power from the pack 40, the control unit 49 control
the valve 52 such that the hot cooling water is transnutted to
the heater 44 through the passage 51 and the valve 52. In
contrast. when the control unit 49 judges according to the
measured result of at least one of the tempemiture sensors 47 o

that the pack 40 is set &n an adequate temperature range, the
control unit 49 controls tire valve 52 such that no hot co&&ling

water is transmitted to the heater 44 tluough the passage 51
imd thc va)vc 52 Accordingly, tlm teinpcrt&turc of the pack 40
c ui be adequately regul«tcxI. s

11&a control device 101 may have an electric heater 45
directly attached to tlm side surfaces el'he pack 40 adjacent
to the front a&xi rear ends of the pack 40. an electrtc po~er
controller 46 for controlling electric power supp 1 icxI from the
peel 40&o ibehmitcr45.andthecmitrolunit49forcontrolling ei
the controller 46 according to the measured results of the
temperature scnsort 47 to unifortnly set tlm temperature of
the pack 40 in an adequate ran e. The heater 45 has heating
members or coils and generates heat in the members when
receiving clcctric power A direct current power linc Ll con- r
nants the pack 40 and a bybrtd uii erter IIV foot shown) so as
to supply the electric power of the pack 4U to tlie inverter, and

a power line I,2 is branched front the line I. I and is connected
with tlm heater 45 tlirough the controller 46.

As compared with the heat at the center of the pack 40, the
beat at each end ol'he pack 40 is easily dissipated to the
vefuclc con&portment Therefore. a tempcraturc diffcrc&tcc

easily occurs in the pack 40. In this embodiment, tbe side
surfaces of tbe pack 40 are not directly v,armed up by the
heater 44 or &he conditioning unit 10, but the electric heater 45
sub sidiarily heats the side surfaces ofthe pack 40 Thc sensors
47 are disposed at the center and ends of the peel 40. There-
fore, the control unit 49 can iudge according to the measured
results oi'bc sensors 47 u bather or not &hc temperature of the
pack 4 0 is unifomily set at the center and the ends of the pack
40.

Accord&ngy, when the controller 46 regulates electrtc
pow&.r supplied to thc heater 45 under control of thc control
unit 49, the pack 40 can be unif&irmly v;armed up

Further, because the control unit 49 can correctly detect the
average temperature of the pack 40 according to the measured
results ol'the temperature sensors 47, the control device 101

cmi correctly and precisely raise the temperature of the peel
40.

Moreover. because the pack 40 is additionally warn&ed up
by the heater 45, &bc temperature of the pack 40 can further be
quickly raised.

The control device 1UI may have an

internal

air inlet 14 at
the upstremu side of the conditnming unit 10. a suction duct
31 branched front the duct 30 and opened at the uilet 14 of the
conditioning unit 10, and a first chan c door 32 disposed nt

thebranchui pointoftheduct30toc&1111111&iliicatethepack40
with the duct 30 or to comnn&ni cate the pack 40 w ith the duct
31

A portion of the controlled air is directly blown uito the
vcluclc compartment to ivarm up or cool do&vn the vehicle
compartment, and thc remaining portion o I'he controlled air
bio~a &gainst the pack 40 is output uito the velucfe compart-
nmnt When thc controlled air blown against the pack 40 has
still the high or lou temperature to warm or cool the v el&iota

compartment directly warn&ed or cooled, an occupant directly
receiving tlm controlled air blown against tlm pack 40 has no
uncomfortable feeling. In this case. the control unit 49 con-
uols the door 32 according to the temperature sensors 47 to
communicate thc pack 40 with thc duct 30. Thercforc. even
when the pack 40 is &vanned or cooled with the controlled air.
the controllcxI air blown against the pack 40 is output into the
velucle compartment to still &varm or cool tbe velucle com-
ps&urea(.

In contrast„when the &empertuurc ol'he comrolled air
bio~a against the pack 40 to warm or cool the pack 40 is
loivered or heightened, the controlled air blown against the
pack 40 undesirably cools or warms tbe vehicle compartment
directly ~armed or cooled. so that it is expected tlmt iui

occupant directly receiving tlm controlled air blown against
the pack 40 has uncomfortable (baling In tliis case. the con-
uol unit 49 controls the door 32 according to the tempemmre
sensors 47 to cmnmuniaitc the pack 40 with the duct 31 and
io close the duct 30 Tlierefore, the whole coo trolled ur othe
conditioning unit 10 is directly blown out into the vehicle
compaitmenttowartnorcoolthcvehiclccompartmmit Then,
the air of the velflcle compartment passes tltiough for is
absorbed into) the pack 40 to warn& or miol the pack 40 mid is

returned to the coildinonuig urut 10 throu@& the duct 31 as an
internal air fi.e., air existing inside the vehicle compartment).

Accordingly, the temperature of flie pack 40 can be
adequately regulated wrthout givuig any uncomfortable feel-

ing to the occupant.
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'11m air cimditioning unit 10 has mi nir conditioning case
II. made of resui such as polypropylene or the like. and mr
conditioning functional members 18. 19 and 20 disposed
inside tlm case 11 11&c case 11 fnrnis an air path of thc
controlled air blow n toward the vehicle compurtment. On the
most upstream side of the conditioning iuiit 10, the case I I
has an extenial air in)ei 13 tlu ough winch an

external

air (i.e ..

air existing outside the vehicle compartment) is led into the
case 11, the intcmal air inlet 14 thr&mgh which thc intcmal mr
of the suction duct 31 is led into the case 11. and an air
clmnging door 12 for openuig one of the inlets 13 and 14 and
closing tlm other inlet to receive the inicrnal or extcmal air in
the conditioning uiut 10. 11&e door 12 is dm en by an electric
driving unit (not shov n) such as a servo motor Tlm duct 31 is

openal near the mlet 14
On the d&nwnstream side of the door 12. the air conditioning

unit 10 bas a bloumr 15 with a muhi-blnde fan 16 and a fan
m&iuir 17 to blow the air received tluough the inlet 13 or 14
toward the vehicle comportment tlmsugh the case 11. A
blower voltage applied to tlm nxitor 17 is cmitrollcd by a

motor driving circuit (not shown) to adjust number of revo-
lutions (or flow rate of blown air) in the blower 15.

On the downstream side of the blower 15. the air cond&-

tioning unit 10 has an evaporator 18 for cooling the air blown

by thc blower 15. The evaporator 18 has aiolant This coolant
is reduced to a loiv pressure by a pressure reducuig iuut (not
shown) in a refrigemting cycle and is vaporized wlflle absorb-
uig thc heat ol'the air bkiwn through the cause II. Therelbre.
the evapomtor 18 is a type of coolant evaporator acting as a

cooling heat exchanger
Oo the downstream side of the evaporator 18, the mr con-

ditiorung unit 10 has an air nuxing door 20 and a heater core
19 disposed dou nstrami tlm door 20 The door 20 i: a platc-
shaped rotatuig door drtven by m electrtc drtvuig umt (not
shown) such as a servo motor. 11&a door 20 divides tlm air path
to a heater passing route and a bypass route 21 placed above
flie heater passing route uithout crossing the core 19. The
door 20 adjusts a tlow rate ratio of air passing through the
hester core 19 to air passing through tbc bypmss mute 21 Thc
heater core 19 heats the air to the hot air by the heat of the hot
ainling water circulated in the passage 50. Therefiirc, thc
combination of the door 20 und the heater core 19 regulates
the temperature of tine air blown into the vehicle compart-
Iiiclu

On the downstream side of the heater core 19, the hot air

passing throuJnt the heater core 19 mid the air passing through
the bypass route 21 are mixed in an mr nuxuig zone 22, and
the controlled air set ate desired temperamre is produced. The

battery opening 29 is disposal on thc downstraun side ol'he
air mixing zone 22. The controlled air of the conditionuig uiut
10 is blown out to the uir duct 30 tltrough the opening 29.

Therefore, in tliis anbodunent, the sr conditimiing unit 10
has an air temperature re ul at&ng unit composed of the evapo-
rntor 18, the lmnter ccrc 19 and tlm air mixing door 20
Iioivever, the evuporator 18 and the heater aire 19 may be

serially disposed without the door 20 to regulate the tempem-
lure ol'hc controlled air by the re-heat level of thc air in thc
core 19.

11m conditioning unit 10 may have an air blowing mode

changing section on the most downs t r&.am side of the air path
More specifically. a defroster opening 23 is disposed on the
upper surface of the case 11. A mtatable plate-shaped
defroster door 24 attached to the case 11 opens and closes tire

opening 23. The controlled air is blown tlu ough the opening
23 against the inner surface ofthe front window of the veluclc
A face opening 25 is disposed on the reur side of the opeiung
Z3. A mtatable plate-shaped face door 26 attached to the case

11 opens mid closes tlm opening 25. The control)cd air is
blown toward the upper body ofeach occupant of the veluc1e
tlu ough the opening 25. A foot opening Z7 is disposed on the
rear side of th&'. Oper& i&1 g 23. A rotatable plate-shaped foot door

s 28 attached to the case II opens und closes the opening 27.
The controlled air is blown toward the feet ofeach occupant
of the value)a through the opemng 27. The doors 24, 26 mid 28
are connected with one another tluouvgh a lurk meclmnism
(not shown) mid arc driven by an electric driving umt (not

ui shown.) such as a servo motor.
The contml device 101 may have a vehicle compartment

temperature sensor 33 disposed outside the case 11 of the air
conditioning umt 10 withui the vehicle compartment. and un
air amditinn control unit 34 fiir amtrnlling the conditioning
umt 10 according to the measured result of the sensor 33 tn

regulate the volume and temperature of the control)adair. '11&a

sensor 33 measures the temperature of the vehicle compart-
mait. In response to mampulation by the occupanu thc con-
trol unit 34 controls the fan motor 17 of the blower 15. the

n doors 12, ZU. 24, 26 and Zg and the vnluinc of thc ann)ant I'al

ui the evaporator 18 according to the measured result of the
sensor 33. Therefore, the volume and temperature of the
controlled ur outputted from the amditionuig unit 10 can be
regulated based on the temperature of the velflcle compart-
ment. I'he control unit 34 has a microcomputer with a ccntml
pmcessing urut, a read only memory and a rmidom access
memory and peripheml circuits. The control unit 34 receives
sensor si nels ofother sensors (not shown) and mmiipulauon
results of switches disposed on a control panel (not shown)

in nnd outputs control signals tn electric driving umts and a

motor drtv ing circuit to control the doors 12. 20, 24. 26 mid 28
and the motor 17.

The control unit 49 amimunicates with the control allis 34.
The control unit 49 may control the door 32 according to the

"» measured results of the sensors 33 and 47 to set tlm door 32 to
a state of'closin the suction duct 31 nr a state ol'closing the
air duct 30.

Thc structure of thc battery pack 40 will bc described in

detail with reference to FICI 2 mid FICi 3. FICI. 2 is a plmi
sn vieiv of tine battery pack 4U seen from the upper side of the

imhicle. while Fili. 3 is a sectinnal view raken substantially
along line Ill-ill of FIO. 2.

As shown in Fili. 2 and PIC). 3, the pack 40 has a pack case
41 fomied in a rectangular parnllclepipcd shape and a plural-
ityofbutterycells42accommodatedinthecuse41. Theupper
and bottom surfaces of the case 41 are considerably wider
than four side surfaces of the case 41. The case 41 is made of
resin or steel. Each cell 42 is a secondary battery to be

rechargeable. Fach eel)42 is. for exaniple. Iiirmisl o I'a nickel-
n metal hydride battery, a hthnun ion battery. a lithium polymer

battery or the like. The pack 40 is disposed under the front seat
(e g.. passenger sent) 3 ui thc vehicle compartment. I lou ever,
the pack 40 may be disposed under any seat, between a
driver's seat (not shown) and the pm& scnger seat 3. nr bcnvecn

s arairseat4 uidatrunkroom Forthemaiiitenmceol'thepack
4U, the case 41 has at least one surface detachable from the
case 41 ui take out the bi&ttcty cells 42 I'rom the case 41

A plurality of attachuig portions 41a are disposed on &me

side surface of the case 41 so as to be connected with the
6&1 vehicle body by bolts A device box 416 is disposal on mie

side surface of the case 41 opposite to the portions 41u to
accomniodate a battery numitoring unit such as sensom mai-
surin the tempemture and the like of the buttery cells 42, a

control unit controlling the battery cells 42, a wire harness

corn&venting thc unit~. and thc film

An air pa as uig space 41/(see I IO. 3) is formed in the upper
inside portion of the case 41, and the battery cells 42 are
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plnced in the lower inside portion of thc case 41 so as to face
the space 41/. An opemng portion 414 is formed on the rear
surface of tlhe case 41. and the space 41/'extends straight from
the duct connecting ponion 41 r to the opening portion 41d
The downstream end of the duct 30 is connected with the s

ponion 41c, so tint the controlled air outputted from the air
condhthomng unit 10 to the duct 30 flous tlu ough tlus spare
41/: The opening portion 414 is opened near the lower front
posit am o I'he rear seat 4

The case 41 has the bottom surface on wluch the battery ui

cells 42 are disposed to be directly in contact with the case 41.
Thercf&ire. thc c&hntrollcxI air passing through thc space 41/i s

blown against the upper surface el thebauerycefls 42. and the
battery cells 42 receive the heat of dw. hot cooling eater from
tlic bottom surlhce of the battery cells 42. The mmiber ol'.
battery cells 42 is, for example, equal to fifty. The cells 42 are
arranged in a mntrix shape to foun a plumlity of serial blocks
adjacent to one another along a direction perpendicular to a
flow direction (indicatixI by arrows in l1(I 2) of the con-
troflcd air Fach serial block is limned oi'two baitcry cells 42 a

electrically connected with each other ui series and armnged
along the tlow direction. The longitudinal direction of each
cell 42 accords with the tiow direction. The senal blocks are
electrically connected with one another in series. The cells 42

occupy all innermea ofthecase 41 whenthecase 41 is seen "

from the upper side. lack battery cell 42 is formed hn a

rectahhbhuiar parallelepiped sliape having flattened outer sur-

Iaces und is covered with a packing mise made ol'resin to be
electrically uisulated from the other cells 42.

Fitcih battery cell 42 has a positive electrode icmiinal 42a sa

and a negauve elechmde ternunal 426 protruded frmu the case
of the cell 42 on end surfaces of the cell 42 opposite to each
other in tb&. flov, direction (i.c, longitudinal dircvtion of thc
serial block). In each senal block. the terminal 426 ol'one cell
42 is conncctixI with the terminal 42a ofanother cell 42 at a "»

first electrode chit&&teeth&i&1 In each pair oi'serial blocks ad)s-
cent to each other, the tennuial 426 ofone cell 42 ofone senal
block is connected with thc temiinal 42a of onc ccfl 42 of
another serial block at a sec&&hid elcwtmde cminection. There-
fore, the cells 4Z are electrically connected in series so as to sa
stats from tlic tcnninal 42a of tin. first cell42 (disposcd nt thc
bottom left side in FICi. 2) and to end at the temunul 426 of the
final cell 42 (disposed at the upper right side in FI(i. 2). A
positive electrode of tlhc pack 40 is c&111&icctcd with thc temii-
nal 42a of the first cell 42 on the upstream side of the con- s.

trolled air stream, and a negative electrode of the pack 4() &s

connected with the ternunal 426 of the final cell 42 on the
dos& nstream side of the controfled air stream. I'he power line
Ll is cohhnectexl with the positive and negative electrodesol'he

pack40 mid the hybnd inverter so as to supply the electric u

pou er of the pack 40 to the inverter.
The pack 40 lras a plurality of beat trmisfcr fins 43 (43a.

43(h. 43c) disposed in the space 43/'such that the fins 43 are
cxposixI to the controlled air passing through the space41/'he

position of the Iins 43 in the upper direction is substan- s

tinily the same as tlhe position of the opening portions 41c and
41d Thc fins 43a are, respectively, disposcsI on the terminal
42a o I'he first cell 42 and the termuial 426 o f the I ina1 cel142
The fins 43/h are, respecrively, disposed on the first electrode
connections The tins 43c arc, respectively, disposed on the ai
terminals 42a and 426 of the second electrode connections.
Fach fin 43 is fornwd of a mell-known wnve-shaped tin made
of aluminum alloy. Crest and root portions of the Iin 43 are
alternately armnged along the flow direction. A side wall is
fanned bcnvecn the crest mid root portions in cack pair so as r
to extend along the flow direction. A louver formed by press
work is dispossxI on each side wall so as to stand on tlhe v;all.

An electrically insulating member having a high theminl
conductn ity may be disposed benveen each Iin 43 and the
terminal 4Za or 426 to electrically insulate the fins 43 from the
terminals 42a mid 426 of the cells 42. Alternatively, when thc
fins 43 are directly disposed on the terminals 42a and 426 of
the cells 42, the adjacent tins 43 in each pair are disposed
sufliciently au ay from each other to rebably obtain the elec-
tric insulation of the fins 43 from each other.

The air passing space 41/'cxtmxls thc v bole upper space of
the cells 42, so that the cont m lied air flou s Uu ough the whole

upper space of the cells 42. When the controlled air collides
v ith or passes through each Iin 43. ihc c&intro lied air changms
theheatuiththeiin43toheatorcooltheiin43. Therefore, the
fins 43 can dissipate dw. Iwat of the cells 42 to the controlled
air or transnut the heat received from tbe controlled ahr to the
cells 42. Then, the controlled air is outputted from the case 41

through thc portion 414 and is bkiwn against the fi.et of nn

occupaiit sah o&1 tlie i'eai seat 4.
fhe tmnperature sensors 47 are, respectively. attached to

thc upper surfncc ol'ho group ol'attery cells 42 on thc
upstream side. the downstremn side and the center of the
space 41f 'lite control unit 49 receives tbe measured results of
the sensors 47 and controls the controller 46 accordmg to the
measured results of the sensors 47. 1 he controller 46 controls
the electric heater 45 directly attached to the side surfaces of
the battery pack 40 on the upstream and downstream sides to
set the temperature of the cells 42 at the upstremn side, the
temperature ol'he cells 42 at hhe dounstrmmi side shul the
temperature of the cells 42 at the center of the pack 40 at
values approximately cqiml to mic another or having small
ddfi:rences is hth one another.

The control device 101 muy lmve a seat insert portion 41e
(scc Flfi I) a&id a si:calid cllsllgc do&it 48 Tlw. poriion 41e is

pm truded up&sard from the space 4 I/and is opened uiside the
front seat 3. The door 48 opens one of the portions 41d and
41e und closes tfic i&ther portion. Thc control unit 49 mminm-
mcating with the control unit 34 controls the door 48 iiccord-

ing to the nwasurcd results of the sensors 33 and 47 such rihnt

tbc mmtrolled air passing through the space 41/'&s blown out
from the portion 41h/ or the portion 41e.

For exnmple, when the control unit 49 judges according to
the measured results of the senmrs 33 und 47 that the con-
uolled air blown against the pacl 40 is cooled or wanhhcxI so

as to give uncomfortnble feeling to the occupmits, the control
device 49 controls the door 48 such that the controlled air is
blow n out from the portion 41e. In contrast, whmi the control
umt 49 Iudges that the controlled air blown against the pack
4U gives comfortable feeling to the occupants. the control
device 49 controls tbe door 48 such that tbe controlled air is
output from the portion 41d to be blown against the feet of the
occupant. Accordingly. the controlled air can be output into
the vehicle coinpartment ivithoui giving any uncomlihrtnble
feeling to the occupants.

Tlic circulatiim system oft'. lait cooling &vater circulntcd
tlmiu h the mrculating passage 50 is described ut detail. Tliis
hot cooling water gives the heat to the air through the heater
core 19 of the air conditioning unit 10 mid gives tlw heat to the
pack 40 through the heater 44 directly attached to the bottom
or lower surface of the case 41 of the battery pack 4U. Then,
th&. water is co&hlcsI ui a radiator (not shou n).

More specifically, the cooluig water heated in the engine I
is again lwated in the heat exchanger 60 disposcxl in the
circulating passage 50 to produce the hot cooing water. The
passage 5(l has the passage 51 branched from the passage 5U.

11&is passage 51 is conmi un icnted with the hot u uter Iwater 44
und is returned to the pussage 50 at a return point. The valve
52 disposed at the return point or bmnching point allows the
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har cooling water to pass through the pms sage 51 and to be fed
to the heater 44 or stops the Ikiw of the hot coolulg water m the
passage 51. The control suit 49 controls the valve 52 accord-
ing to tlm measured result of at least onc of tlm sensors 47, so
that the hot coolulg ivater is supplied to the heater 44 thnsup s

the valve 52 or the supply of the hot cooling water is stopps«I.
The heat exchanger 60 will be descnbed in detail with

reference to FIGr. 4 and IlICi. 5. FIG. 4 ls an exploded side
view, partially in cross-sectmn. ol' portion of ihc heat
exchanger 60. wlule I'ICi. 5 is a side view. panially in cross- «i

section, of the left Italf portion of the heat exchanger 60.
As shown in Flii 4 and FICi 5, ihc beat exchanger 60 is

produced by attachuig a lirst lefi t utk member 63 to a beat
exchanging core 62 and then attachilig a secolid left tank
member 64 to tile heat exchanging core 62 Further. first and
second ribitt tank members (not shown) structured in the same
mamier as i ho members 63 and 64 arc attached to the core 62
such that the heat exchanger 60 ls synuuetuc u ith respect to
the center axis Ax. More specifically, the core 62 has a lami-
nation ol'a plurality ofdouble tubes 61 each ol'which has an a

inner tube 61a and an outer tube 616. The tank member 63 is
attaclled to the core 62 such that the douhle tubes 61 are
uiserted into a lirst insertion hole 63a of the member 63. Tbe
tank member 66 is attached to the core 2 such that each of the
inner tubes 61a is inserted into a second insertion hole 64a of "

the member 64. The exhaust gas enters the inner space of the
member 64, passes tltiougb a plurality of inner passages 61c
o I'the umer tubes 61 a and is output from the uuier space o I the
second ught tmdr member. The coolulg ivater of the circulat-
ing passage 50 miicrs tlm inner space of ilm lirst right tank sa

member and passes through a plurabty ofouter passages 61d
surrounded by the tubes 61a and 616 to receive the heat from
the exhaust gas passing through ihc passages 61rs Thcrcliirc,
the hot cooling water ls produced. Tins hot coohng water ls
gathered in thc inner space 65 of the member 63 and is output "»

I'rom an outlet 66 ol'the nicmber 63 to the cirmllating passage
50

The heat storage tank 70 is disposed in thc circulating
passage 50 im tbc downstream s«lc ol'hc heal exchanger 60
to hold the heat of the hot cooling water. The tank 70 is set in sn

onc of a u:ster holding state and a wnter bypass state under
control of the contml umt 49. FIG, 6A is a schematic side
vieii showing the internal structure of the tank 70 set in the
water holding state while FICi. 6B is a scheniatic side view

showing the intenial stnlcnire of the tank 70 set in tbe ivater s.

bypass state.
As shown in 11CI. 6A mid I'ICi. 6B, the tank 70 has an outer

tank wall 71 and an inner tank stall 72 connected with each
other by welding. brariug or the like. Facb o I'lbe walls 71 and
72 ls made oi stainless steel supenor ln corrosion resistance. a

The walls 71 and 72 form a vacuum space 71a tllerebenveen,
so that the tnnk 70 luis a beat insulated structure A uater
holditlg space 72a is liinned us the ivall 72. The tank 70 has an
inlet pipe 73 communicating dw. space 72a with tlm circulat-
ing passage 50 extending from tbe heaier exchmiger 60. an s

outlet pipe 74 conmlunicating the space 72a with the circu-
lating prwssagc 50 conncctrxI iviih ihc hmitcr 44, and a bypass
passage 76 direcily conuuumcating the heat exchmiger 60
and the heater 44 while bypassing the tank 70 'I he pipe 74 has
a riser reaching the upper portion of tlm space 72a There liirc, ai
a portion of the hot cooling water having the higher tempem-
ture is gathered in thc upper portion ofthe space 72a due ta the
natural convection of the hot coolui water in the space 72a
and is outputted to the heater 44 and the heater core 19

through thc pipe 74 6

The tank 70 has a bypass valve 77 for openuig and closing
the bypass passage 76, and a tank temperature sensor 75 for

measuring tlm tempernture el'he hot cooling water outputted
from the tank 7U. The control unit 49 controls the valves 52

and 77 accorduies to the measured result of the sensor 75.
Wfien tlm salve 77 ls closed. as shoun ui FICi 6A, the hot

cooing water output icdl from the liest exchanger 60 Ill«vs into

the space 72a. In contrast. v.hen the valve 77 is opened, as
shown m FlG 6B. the hot cooluig water fioivs titrough the
circulatuig passu e 50 without beuig held ui the t unk 70.

With this stnlcturc of tbe comml dc«ice 101, when thc

engine I is not operaung, the valve 52 closes the circulating
passage 51. and the by pass valve 77 is opened. When the
driving operauon el the engine I is started. Ihe coutml unit 49

judges according to the measured results of the sensors 47
whether tile temperature of the battery pack 40 is too low ar
high or is set in mi apprapnate r urge. Further, the blower 15

is nutomatically or manually operated.
When the cont m I unit 49 judges that the temperature of t1m

battery pack 40 is too low, the control device IU1 perfomis a

heatulg process lor the pack 40. I«fore speci ical ly, the control
ilmi 49 judges i«miirdulg hl ihc nleasurcd res«i of illa scissor
75 whether or not the tempemture of tbe cooling stater stored
ui the tank 70 ls high. When tbe coohng water stored in the
tank 7U has the comparatively lugh temperature, the control
unit 49 closes thc bypass valve 77 such that tlm cooling water
of the tank 70 tlows tluaugh the circulatln passage 50.
Therefore,tlietemperanireofthecooling waterofthepassage
50 is rapidly heightened. Further. the cooling water of the

circulating passe e 50 is heated in the engine 1 and/or the heat
exclmngcr 60

When the control ulut 49 judges according to the measured
result of the sensor '75 tlmt the cool uig water of the p as save 50
is heatcdi to produce a l«lt cooling ivater sct io a first tempera-
ture or more. the control unit 49 contmls the valve 52 such that
the hot c(i(sling wnter passes through tlm beater core 19.
Further, the control unit 49 controls ihc door 32 lo mminm-
mcate the duct 30 and the pack 40. lllerefore. air blown by the
blower 15 is heated by thc lmatcr core 19 to produce a tem-
perature contmlled air ui the air conditioning unit 10. aud thc
controlled air passes tluaugh the duct 3U and is blown against
tlm tins 43 of thc pack 40 to give tfm imat ol'the clmtro lied air
to the upper surfaces of the battery cells 42. Therefore. the
temperature of the pack 40 is gradually rnised by the con-
trolled air.

Further, the control unit 49 judges according to the mea-
suri«I results of the sensors 33 and 47 u hether a portion of the
controlled air outputted fram the space 4 11 of the pack 40 is
useful to filrther wami up the velucle compartment directly
ivarmcd up by the remainuig portion ol'he controlled air.

When the controlled air of the space 41f is usefill, the control
unit 49 adjusts the door 40 such tlmt the controlled air is blown
oui l rom the opening portion 41d. In contmst, when the con-
trolled air of the space 41fis inadequate to further v arm up the
ivhicle compartment, tlm control unit 49 adjusts the door 40
such that the co atm lied air is b lou n out from the portion 41e.
Therefore. no discomfort is caused to the occupant.

Tlmrcaftcr, when the control imit 49 judges according lo

ihe measured resul i of the sensor 75 tluu the hot cool usg water
of tbc passage 50 is further heated to a second temperanire
higher than thc lirsi lemperaturc. the control unit 49 controls
the valve 52 such tlmt the lait cooling water is circulated
through the circulating p as ange 51. 'I Imre fore, the hot cooling
u.ster is supphed to the hot v;ster beater 44 directly attached
to the bottom surface of the pack 40.

I'hcrcaftcr, when the control unit 49 judges according to
the measured results of the sensors 47 that the temperature of
the battery pack 40 ls miss«I at a target value, the control urut
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49 controls the valve 52 such that the hot cooling v ster of the
passage 50 ls not supplied to the heater 44.

Accordingly, biecause the pack 40 is warmed up by the
hcotcr 44, Ihc battery pack 40 cml be regulated in ml adcquaic
temperature range by the hot cooling water. Iiuither. Os corn- s

pared with the transferred heat determined by the first heat
transfer between the hot cmilmg water of the heater core 19
and air mid the second heat tmnsfer betu een the conditioned
air and the park 40, thc Iransfcrrexf lwat obtained in Ihc
thermal conduction betv,een the hot cooling water of the nl

heater 44 and the pack 40 becomes high. Therefore, the tem-
perature of thc pack 40 can bc sufficiently and quickly raised
by the heater 44.

Further, when the driving opemtinn of tike engine I is
started. the control unit 49 may comrof the electric power i.

contmller 46 to inunediately supply electric power of the
battery pack 40 to the ck.ctric beater 45 directly attached to
the side surfaces of the puck 40. Therefore, the temperature of
the pack 40 is immediately raised with the heat generated in
Ihe bonier 45. For example, only when thc control unit 49 n

detects according to the measured result of the sensor 75 tlmt
the tempemture of the cooling water is too low to quickly heat
the pack 40, the control unit 49 controls the controller 46 to
operate the heater 45.

Accordingly, even when the cooling water is set to a very "

lou temperature, the heater 45 can rapidly warm up the pack
40 to assist the wamiing operation of the heater 44. Further.
because the uanuing operation for the side surfaces of the
pack 40 ls performed with the wamun opemtion for the
hot timl surf'ace of Ihe pack 40. thc Iemperaturc of thc pack 40 "n

c ui be uniformly raised by the heaters 44 and 45. Moreol er,

the pack 40 ls mainly warmed by the heater 44 using the
cxluiust gns as a beating sourai Ihe electric power consumed
ui the heater 45 can be lowered at a smail value, so that the
consumption of tlw electric power cfvnrgcxf in tfw pack 4U can "»

be minimized. That is, thi detenoration of'uel economy con
be mlnuluzed.

When thc control unit 49 judges thnt tfw. pack 40 is set in an

appropnate tmnpcroture range. tfw. conIrol dcvwe 101 per-
forms a temperature maintaining process for the pack 40 to sn

maintain the pnck 40 in tike present temperature condition
More specifically. the control device 49 controls the valve 52
not to transmit the cooling water to the heater 44. When an
occupant requests the air conditioning unit 10 to output the
controlled air to the feet of the occupant, the control device 49 s.

controls the valve 32 to communicate the duct 30 with the
pack 40 and controls the door 48 to open the portion 41d.
I'herefore, the unit 10 blow s out the controlled air to the feet
of'the occupant In coutmst. when an occupani requests thc mr
condltiomng umt 10 to output no controlled air to the feet of o

the occupant. the control device 49 controls the valve 32 to
communicate the pock 40 with Ibc duct 31 and Io close Ihc
duct 30. Therefore, no controlled air is bloun against the feet
of ilhc occupant.

When the control unit 49 judges that the temperature ol'the I
battery pack 40 is too higlx the control device 101 performs a

cooling process for the pack 40 Morc spivilicafly, the control
device 49 controls the evaporator 18 to cool the air sent lnuu
the blnwer 15 to produce a coolsxf air. I'urther, the control
device 49 controls thc valve 32 Io communicate tile pack 40 01

with the duct 30. Therefore. the cooled air is blown against the
fins 43 tn receive the heat of the pack 40 frnm the upper
surfaces ofbattery cells 42. Therefore, the pack 40 ls cooled.
In this cose, the cooling water is not circulated in the passage
50 6

I'urther. when the control umt 49 judges according to the
measured results of the sensors 47 that the coolsxf air rmeiv-

ing the bent from tile pack 40 is useful to furtlwr cool the
veluc le compartment, the contml unit 49 controls the door 48
to opcil the portion 4ld. In contrast, whml the control unit 49
judges that thc cooled nir receiving the iwat front thc pack 40
ls inadequate to fuitber cool the velucle compartment, the
conuof unit 49 controls the door 48 to open the portion 41e.
Therefore. the ocmipant lms ml uncomfoitabfe feeling.

Effects obtauled ln the control device 101 will be
described

The control device 101 has the hot water heater 44 receiv-
ing the hot cooling mater as a heat source, mid the heater 44 is
directly attached to the bottom sin faiv. Ol'bc case 41 nf the
battery pack 40. Therefore. when the temperature of the hot
cooling water is raisixl with the heat of the engine I and!Or
isith the exhnust gns of the enguie I, the pack 40 is u awned
with the hot cooling lvater of tile heater 44 while receiving the
subsidiary heat from the controlled air of the conditioning
umt 10. Accordingly. because Ihe heat of the lmt cooling
water is directly transferred from the heater 44 to the pack 40
withoutnnyairintcrvmiiu bctwccnthehotcoolinguoternnd
the pock 40. the rate ofheat tmnsfer using the heater 44 can be

considerably increased, so that the temperature of the pack 40
cmi be quickly and sufficiently raised.

Further, becmise the upper mid bottom surfaces of the pack
40 opposite to each other, respectively, rcccive tfw. Iwat from
the controlled air and the heater 44. the tempemnture of the
pack 40 can be efticiently raised.

Moriioive. the heat excluulger 60 comnnaiicated isith the
passage 50 ls dfsposwf to recover the heat of the exhaust gas
and give (bc rccovcfeil heat Io thii cooling willi mt I'Ilw passage
50. Accordui ly. even liken the driving operation of the
engule I is lust started, the cooling water can be rapidly
heated with tbc cxlraust gas of'tin. cn iiw. I, and thc tempera-
ture of the pack 40 can be quickly raised

Further more, the tool 70 communicnted with the passage
50 is disposed to hold tile heat o I'he lxlt cooling lvatcr u fulc

muumizing the lb s sip ation of the heat from the tmik 70. Even
when the driving operation of tike engine I is stopped fbr a

long tulm so ms to cool the hot elm ling u ster of the pmswigc 50,
the hot cooling water of the tank 7U can still nm inta in the hiJvt

temperature. Therclilre, v;hcn the driving openltion of tike

engule I is started, the hot cooling water of the tank 70 is
mixed with the cooling water of the possage 5U to immedi-
ately increase the tcmpcraturc of the cooling lvator Accnrd-
inglv. the heat of the hot coobng water can be quickly trans-
ferred to the pack 40 throu/st the heater 44, so that the
temperature of the pack 40 can be quickly raised.

Further more. the electric heater 45 is directly attached to
the battery pack 40. Wfli:11 Ihc driving opemlion ol'tfle engine
I ls started. the heater 45 receives electuc power from the
pack 4 U and subsid iarily heats the side surfaces of the pack 4 U.

Accordingly. even when the pack 40 is considerably cooled,
the temperature of the puck 40 cml be quickly raised by the
heater 45 Further, the electric heater 45 is attached to tlwsidc
surfaces of the puck 40 lvhich di(Ter Irom the upper aixf

bottom surfaces of the pack 4U through which the pack 40
rcccilms tike hmit fmm thc controlled air and thc be~ter 44.
Accordntgly. the temperature of the pack 40 can be further
quickly ond sufTiciently raised by the heaters 44 and 45 ond
thi. Controlled air

Further noire, the temperotiue sensors 47 are disposed at
the cmimr and ends of the battery cells 42 of the pack 40. 'If lc

heat of the pack 40 at the ends of the battery cells 42 ls easily
dissipated as compared with the heat at tile center of the
battery cells 42. Thcretiirc. a temperature diffi:rance inevita-
bly occurs ln the pack 40. Ifecause the sensors 47 measures
the temperature of tile pack 40 at the center and ends of the
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battery cells 42, tlm control unit 49 can correctly dctivt the
avem e tempemture of the pack 40. Accorduigly. Ihe contml
unit 49 can reliably raise the temperature of the pack 4U

according lo the nlcasured results of thc sensors 47 Further,
when the heater 45 is attached to the side surfaces of the pack
40 to preferentially warm the ends of the battery cells 42, the
temperature of the pack 40 can be uniformly rtused,

Further more. the duct 31 opened near the uiternal air inlet
14 of the condiiioning unit 10 is b rane hcdi from thc duct 30,
and the door 32 is lbsposed at the bmnclun point to commu-
nicate the pack 40 with the duct 30 or the duct 31. When it is

expected Ifmt flm controlled air biotin agamst Ihc pack 40 is
useful to iilrther wartn or cool the velucle comparunent, the
control unit 49 controls tlm door 32 to send the controlled air
ul I he pack 40 and the value lc compartment. In mmtra st, w lien
it is exp ectcxf that the controlled air blown against tile pack 4U

undcsimbly cools tlm vehicle compartment directly warmed
with the cmitrol fcxf air or undesirably w arms the value le com-
partment directly cooled with the controlled air, the con-
trolled air blown a ainst the pack 40 v:ill give thc uncimifort-
able feeling to the occupants when being blown out into the
vehicle compartment To avoid this inconvenience, the con-
trol umt 49 controls the door 32 to commulucate the pack 40
with the duct 31 and to close the duct 3U. 11lerefore, the whole
controlled air of the conditioning unit 10 is blown out from at
least one of the openings 23. 25 and 27 to directly v.ann or
cool the vehicle compartment, and the air of the vehicle
colmpartment ls absorbcxf uuo the air passing space 41fof'the
pack 40 to warm or cool the pack 40 and is returned to the
conditioning unit 10 thrimgh tlm duct 31

Accordm ly, the vehicle compartment can be ulequately
warmed or cooled with the contml led air wlflle the pack 40 is
~armed or coolcdf with thc air of tlm vehicle compartumnt,
and the controlled ur gives no uncomi'oltable I'acing to the
occupallts.

In Il»s muboduucnt„ lhc blower 15 of'hc unit 10 induces
flie air of the velucle compartment to be absorbed into tile
pack 40 Therefore, no blovt ing unit is rcxfuircd to absorb the
air o I'Ihc vehicle compnrtment into the pack 40

Still further, tile control device 101 lias the portions 41M

lmd 41e and the door 48. When it is cxpivted that the con-
trolled air blown a auist the pack 40(s useful to further warm
or cool the vehicle compartment. the control unit 49 controls
the door 48 to output the controlled air from the opening
portion 41d. In contrast, iihen it is expected tlmt the con-
trolled air blown against the pack 40 is inadequate to further
warm or cool the vehcle compartment directly ~armed or
cooled is ith the controlled air, the control unit 49 controls the
door 48 to output the controlled air fmnl the insert portion
4le. Accordmgly. the pack 40 can be warmed or cooled with
the controlled air. and the controlled air blown against the
pack 40 gives no uncoml'ortablc fueling to the occupants.

Still Iilrther, the insert portion 4le ls opened uiside the front
seat 3. 'Therclilre. even when the controlf(xf air blown against
Ihe pack 40 gives the uncomfortable fbeling to Ihe occupmits,
the control device 49 controls the door 48 such that the con-
Iro lied nir is blown oul from the portion 41e Accordingly, thc
controlled ur cmi be output toto the vehicle compartment
without giving the uncomfortable feeling to the occupants

Still further, Ihc metro 1 dci ice 101 has the sensors 33 and
47 and the control units 34 and 49 conununicated with each
other. I'Im contml unit 49 cooperatic1 with tlm control unit 34
controls the doors 32 and 48 to regulate the tempemture of tile
pack 4U and the tempemture of the vehicle compartment.

Accordingly, tlm tempcraturc of the pack 40 and the tcnipem-
ture of the vehicle compartment can be adequately regulated
wlule no uncomfortable feeling is given to the occupants.

In dr is embodiment, tlm cooling water is circulated through
the passage 50 to recover tlm heat fmm the engine I and the
exhaust as of the engine 1 and to give the recovered heat to

the air of'he conditionuig unit 10 and the pack 40. Flow ever,

any heating fluld such as brine, antil'rimxi liquid or Ilm like

may be circulated tluough the passage 50, in place of the
cooling water

F'urther, ui this embodimeot. because the heater 45 ls dis-

posed on thc side surfaces of the pack 40 positioned on thc
lu

upstream and downstream sides of the pack 40 in the flow

direction of the controlled air, two battery pack temperature
sensors 47 are disposed on tbc mids ol'he pnck 40 so us to

placed near the heater 45 However. when the heater 45 is

„disposed on the other side surfaces ofthe pacl 4U placed at the
same position ui the tiow direction of the controlled ur. the
sensors 47 may bc disposed on tlm other ends of the pack 40
so as to placed near the heater 45

"o Embodiment 2

FICI. 7 is a schematic view of a temperature control device
for the battery pack 40 according to the second embodunent.

As shown nl FII k 7, a tenlpcl'atul'e control device 1 02 has
a circulation systmn of thc hot cooling water differing from
that of the dm ice 101 shown in Flti 1. More specifically, the
circulation system of the control device 102 lms the circulat-

ing passage 50 communicated lvith Ihe engine I mid Ihc
lmater core 19, a first heat cxclmngcr 60A for rccovcring heal

'" of the exhaust gas of the engine I flowing through the exfmust

pipe 2 and tmnsmlttuig the recovered beat to the cooling
water oi'he passage 50 to circulate the hot cooling is uter ln
tlm passage 50. tlm storage mnk 70. a fluid circulating passage
53 filled with brine, a tluid pump 54 operatic 1 under control of
the control umt 49 to circulate the brute in the passave 53. a

flui d lcm pcmture sensor 55 disposed into I he brine to measure
thc temperature of'Ihc brine circulated in tlm pxssage 53, mxi

a second heat exchanger 60II for recovering heat of the

«( exhaust gas of the enguie I flow ing throu h the exhaust pipe
2 and trmisnuuing the recovered heat to the brine oi'he
passage 53 to circulate lhe hot brine in the passage 53 The
heater 44 attached to the bottom surface of the pack 40
receives the hot brtne of the passage 53 as a heat source and

ss wartns Ibc puck 40 with the hot brine
With this structure of the control device 102, ivhen the

drivuig operation of the engine 1 is started, the cooling water
ofthe passage 50 is heated, air taken into the conditioning umt
10 is hmuid with the hot coo fin water of'the passage 50 in the

c heater core 19 to produce the controlled air. mid a portion of
the controlled air is blown against the pack 4U in the smne
mamler as in Ihe first emb(aliment

I'urther, the control unit 49 controls the pump 54 according
to the nice surcd result of the sensor 55 to regulate tlm tiow rate

1 of the bone circulated in the passage 53 For example, when
the temperature of the brine measured by the sensor 55 is too
low to quickly raise Ihc temperature of Ihc pack 40, the
control umt 49 conu ols the pump 54 to increase the floii rate
of the brine. Therefore. tlm recovered heat in the heat

so ixclnulgirt 60B is increased, so that Ihc temperatilrc ofIh(.'ack

40 is quickly uicreased.
Accordingly, because the hcamr 44 receiving the hot brine

heated in the heat exchanger 60B as a heat source is attached
the bottom surface of the pack 40, the temperature of the pack
40 can bc quickly and reliably raised.

I'urther, as compared ii ith the circulation system ln the first
embodiment, becmlse the passages 50 and 53 are sepamtely
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disposed, the temperature increasing speci nf the pack 40 can
be precisely set independent of the heating of the controlled
air.

The control device 102 may lulvc a bent storage twik 56,
disposed in the passage 53, for stonng a mal or portion of the
hot brine circulated in the passage 53. In this case, when the
engine I is not operated Ior a long tnne, the brine ot the
passage 53 is cooled, but the tank 56 still sulres the hot brute
lv lute minimizing thc heat dissipated from the twik 56. When
the duvlng operation of the engine I is started. Ihe ci1oled

brine of the passage 53 ls circulated by the piunp 54. and the
hot brine of the tank 56 is mixcxt with Ibc cooled bnnc
Therefore. the temperature of the brine is immediately raised
in the passage 53

Accordingly. even wlmn the engine I is not opcratcd liir a

long time, tile temperature of the pack 40 can be quickly
ral scrl

In tlus enibodimenk the bnne is cirwllated through the
passage 53 to recover the heat from the exhaust gas of the
engine I and to give Ihc roon«crest heat to the pack 40 How-
ever. any beating flwd such as cooling water of the engine I,
antifreeze liquid or the like may be circulated through the
passa e 53, ui place of the bnne

11lese embodiments should not be construed as limiting the
primcnt invention to stnictu res of those ambo dim ant x and the
structure of tlus invention may be combined vvith that based
on the prior art.

What is claimed is:

1. A temperature control de~ice for an on-board battery
prick, colupllsblg:

ui air coinditioning unil having an mr condltioniug fwlc-
tional member lvluch regulates a temperature of air
blown into a cwnpartmcnt ol'a vehicle mi «hick thc
batten pack is boarded:

an air duct through which a portion of the air. of 11 hich the
Icmpcraturc is regulatel by the air cwiditioning I'unc-

tional member, is led to the battery pack. the tempemture
control device for the on-board battery pack regulating a

temperature nf the battery pack by leadm flm air Io Ibc
battery pack through the air duct;

a hnt «ster heater rivciving at least one nfcoolinn water of
an en ine for rumung the velucle and fluid heated by
heat of exlmust gas of the engine as a heat source is
disposcdt im the battery pack:

a suction duct ls branched fmm the air duct and is formed
to have an exit conununicated to an intenial air inlet of
the air conditionuig unit such that ur led to the battery
pack is auctioned into the air conditioner tbnnugs the
sucnon duct, wid

a Iirst ch uige door «luck ls disposed at a bmnnclung point,
at wluch the suction duct is bmnched thorn the air duct,
nl selectively communicate the battery pack with (ai Ihc
air duct or (bl the suction duct

2 Thc temperature control dcvicc for the on-board battery
pack according to claun 1. wherein the air duct is connecttnl
with an upper inside portion of tile battery pack. and the hot
water hwitcr is disposed on a lower surl'acc ol'hc battery
pack.

3. The tempemture control device for the on-board battery
pack according Io clnim 2, I'urthcr comprisin .

an electric heater. disposed on a side surface of the battery
pnck, tlmt gwmrntes lmat from electric power and heats
the battery pack v, ith the genemted heat.

4. The tempemnire control device for the on-board battery
pack according to clnim 3, further comprising:

a plumlity ofbattery pack temperature sensors disposed on
both a center and an end of the battery pack to measure

a temperature of the battery pack and to control the
electnc heater accordin to measured results of the bat-

tery pack temperanire sensors.
5 11le temperature control device for tlw on-hoard batmry

s pack accorduig to claim I, further compnsulg:
a first heat exchanger for recovering the heat of the exhaust

gas flowing through an exhaust pipe of the engine and
for heating the thud with the recovered heat,

lvhcrcui tlm first heat cxchangcr transmits Ihe fluid to the
hot ~ster heater through a Iirst tluid circulatuig passage
for circulatuig the fluid.

6 Thc temperature control dm'ice I'or the on-blrard battery
pack accorduig to cl nm 5, further compnsutg.

a second fluid circulating passage, for circulating thc cool-

ulg ~ster tluough the engine and Ihe heater core of the
alr concktlonlng limit. anil

a simond boat cxchnnger for recovering thc host nf the
exlmust gas pmssuig tluough an exhaust pipe ol thc
engine.

n wherein the sivoud lmat exchanger is connected with Ihc
second thiid circulating passage.

7. 1 he temperature control device for the on-board battery
pack according to claim 6, further compnsulg;

a heat storage tanl disposed in the second fluid circulating
pasmige, that stores thc cooling water heated «ith the
recovered heat of the second beat exchan er.

0. 1 he temperature control device for the on-board battery
pack according to claim 6. wherein the tirst fluid wrwdanng
passage is provided lvith a heat storage twfic that stores the

ln fluid hented «ith the rivovcrcd hant ol'hc first hwit
cxchallgcl',

9. The temperature control device for the on-board buttery
pack according Io claim 5. «herein the first fluid circulating
passage is provided with a heat storage t ulk that stores the

"» tluid lmated with the recovered lmat of the first heat
exchanger

10 The tenipemnture control device for the on-board battery
pack according to claim I, further comprising.

an electric lwater, disposed on the battery pack, tluit gen-
sn crates heat from electric power and heats the battery

pnck with the gciwratcd heat.
11. The tempemnture control device for the on-board battery

pack according to claim 10, further comprising:
a plurality ofbattery pack temperature sensors disposed on

both a center and an end of the battery pack to measure
a twnperature of the battery pack and to control the
electnc heater according to measured results ot the bat-

tery pack temperanire sensors.
12 The Iemperature control device for the on-i«lard battery

n pack accordln to claim I, further compnsutg:
an opening portion. opened at a first position near a lower

front position of a rear snit of the vehicle, and a sent
insert portion. opened at a position different from the
first position. arc filrmed on a downstrenm side of Ilm

s battery pack. to which the mr havulg the temperature
regulated by the air duct is led, and

a clrnngc door disposcst on tlm downstrcani side of Ihc

banery pack Io open either the opening portion or the
scat illicit portion.

sn 13 A icmpcraturc coniml device filr an on-hoard battery
pack, conlpl1sulg:

an air conditioning miit having ml air conditioning func-
tional member wluch regulates a temperature of air
blown into a compartment of a vehicle to which the
battery pack is boarded,

an air duct through «hich a portion of the air. ofwhich the
temperature is regulated by the air conditioning func-
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tional mmnber, is led to the battery pack, the tempertiture
control device for tlm on-hoard battery pack regulating a

tempemture of the battery pack by leading the air to the
battery pack through the air duct„

8 hot (va(LY h& iiu I''LCLIY&ng at least one of cooling waterOI'n

engine for nuufing the velficle and fluid heated by
heat of exlmust gas of the engine as a heat source Is

disposed on the battery pack:
an opening portion opcncd at a first position near a lower

front position ofa rear seat ofthe vehicle and a seat uisert
portion opened at 8 position difl'erent fmm the first posi-
tion are I'ornied on a dow n st res ni side of I bc battery pack
(Iud

a change door. disposed on the downstream side of the
battery pack, for openuig either the opening portion or
thc scat nx(L(t portion,

wherein tlm seat insert portion is opened inside 8 front seat
ofthe velucle.

14. The temperature conirol dew(ca for the on-board battery
pack nccordmg to cLum 13, wherein the air duct is connected
with an upper inside portion of the battery pack. and the hot
water heater is disposed on a lower surface of the battery
pack.

15. Thetcmpcraturcconiroldevice forthcon-boardbartcry
pack according to claim 14, furtlmr coniprlsing

an electric heater, disposed on a side surface of the battery
pack. that generates heat from electrtc power mid heats
the battery pack &1ith the genertited hcaL

16. The tempcranirc control device fiir the on-board battery
pack according to clean 15. further comprfs(ng:

a plumlity ofbattery pack temperuture sensors disposed on
both a center aud an etid of the battery pack ui measure
8 temperature of the battery pack and to control the
electric heater according to measured results of the bat-

tery p(lck Icnlpciatu(c sensors,
17 Thc tempemtnre control device fiir the on-hoard battery

pack according to claim 13. I'urthcr cimiprising:
a first heat exchanger for recovering the beat of the exhaust

gas flowing through an exhaust pipe of the engine and
for lmdting thc fluid &vith thc recovered heat,

wherein the first heat exchanger transmits the fluid to the
hoi (cater heater through a first fluid circulating passage
for circulating the fluid.

lg. The temperanire control device fiir the on-board battery
pack according to claun 17, wherein the first tluid circulating
passage is provided with a heat storage tank that stores the
fluid heatexf with tbe recovered heat ol'he first heat
exchanger.

19. The temperature control device for the on-board battery
pack according to claim 17. I'urther comprisui:

a second fluid circulating passage, for circulatin the cool-
ing water throu h tlm cnginc and dw. hcatcr mire ol'tlm

air conditioning umt. Snd
a second heat exchanger for recovering the heat of the

cxhdust gds pmssnig tl'ln)ogh 88 cxhaosl pipe of thc
cngnlc.

wherein tlm second heat exchanger is connected with the
second fluid circulating passage

Zfl. I'he temperanire control device for the on-board battery
pack according to claim 19. I'urther cimiprising:

a heat storage tank, (hsposed in the second fluid circulating
passage, that stores the cooling water heated with the
recovered fmat of the second lmat exchanger.

21. The tempemture control device for the ou-board battery
pack according to claim 19, (vherein the first fluid circulating

passage is provi(kxl with a iwat storage tmik that stores the
tluid lmated with thc recovered heat of the first heat
exchanger.

22 The IenIpcl dtui'&'. control device I'or the on-board battery
pack according to claim 13, wherein the air duct communi-
cates to the compartment of the vehicle through the battery
pack.

23. The temperature control device 1or the on-board battery
pack according to chaim 22, wherein the air duct communi-

ia
c ates ni a seat portion opened inside a fmnt seat of the vehicle.

24. d( tempemture control device for an on-board battery
pack, coniprisoig

mi air conditioning unit having an air conditioning func-
tional mmnber which regrt(fates 8 tempemnire of air
blov'8 uito a compartment of a vehicle:

a battery pack disposed on thc vehicle. mid

Im air duct through which a portion of tlm air, ofwhich tlm

temperature is regulated by the air conditionuig func-

o uonaf member, is led to the battery pack. the temperature
control device I'or the on-board battery puck regulating a
temperature of the battery pack by leading the air to the
battery pack through the air duct, wherein

a hot water heater receiving at least one ofcool uig water of
Im ciigine for nmning tlm vehicle and fluid heaIcd by
heat of exhmist gas of the engine as a heat source is

disposed on the battery pack.
a suctimi duct is disposed to be branched from the air duct

and to be opened near an internal air inlet of the air
"o

conditionnlg unit,
a first change door acting as a duct changing member is

disposed at a branching point. at wluch the suction duct
is branched from the air duct. to comnnmicate the bat-

tery pack with the air duct or to communicate the battery
pack w ith the suction duct,

an openui portion opened at a first position near a lo~er
front position of a rear seat of the vehicle and a seat insert
portion opened at a position diff'ermit from the tirst posi-

do tion are formed on 8 downstream side of the battery
pnck.

8 ss cond changL d(xin 8 cling as d doc( c hailging Iucnll (en I 8

disposed on the downstream side of the battery pack to

open cith&.r tlm opmiing portion or tho scat insert portion,
a velucle compartment temperature sensor which measures

a temperature of the vehicle compartment.
an air condition control uiut wluch contmls the air cond&-

tioning unit according to a measured result of the vehicle
compartmeutteniperaiure sensor.

c a battery pack temperature sensor Is (hsposed on the battery
pack to measure a temperature of the battery pack,

a bauery pack temperature control unit regulnies the tem-
perature ol the battery pack accordin to u measured
result ofthe battery pack teniperature sensor, and

I the air condition control unit and the bauery puck tempera-
ture control unit communicate with each other and con-
trol tlm first and sevond change doors according to the
measured result of the velucle compartment temperature
sensor and the measured result of the battery pack tcm-

so pei"i&UI'i: sensor
25. The temperature control device for the on-bomd battery

pack according to claim 24, wherein tlm air duct is connected
with an upper uiside portion of the battery pack. and the lxit
water heater is disposed on a lower surface of the battery
pack.

26. 1 he tempeniture control device for the on-board buttery
pack according to claim 25, further comprising:
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an electric heater. disposcxf on a side surface of the battery

pack. that gtnmrates heat from electric po«vr mid heats
the battery pack is ith the generated heat.

27. Tlm temperature co it tref device for the on-board battery
pack according to clnim 26. I'urthcr romprisin

a plum lity ofbattery pack temperature sensors disposed on
both a center and an end of the battery pack to measure
a temperature of the bauery pack and lo cmitrof the
electric heater according to measured results of the bat-

tery pack tempemture sensors.
28. The temperanire control device for the on-board battery

pack according lo clmni 24. fwthcr comprismg.
a first heat exchanger for recovering the heat of the exhaust

gas flowing through an exhaust pipe of the engine and
for heatuig the tluid is ith the recovered heat,

wherein the first heat exclianger transmits the fluid to the
hol «ster heater through a first fhiid circulaliu passage
for cimulating the fluid.

29 The temperature control device for the on-hoard battery
pack according to claim 28. further comprisui .

a second fluid circulating passage, for circulating the cool-
ing water throu h Ihe engine and flie healer core of tlic

air conditionmg umt. and
a second heat exchanger for recovering the heat of the

cxlmust gas passing tlmiugh an cxlmusl pipe of lhc
engine.

wherein the second heat exchanger is connected «:ith the
second fluid circulaun passage.

30. The temperature control device for tlm on-board battery
pack according to claim 29, fiirther compnsuig:

a heat storage tank. disposed in the second fluid circulatuig
passage, that stores thc cooling water heated «ith thc

s recovered heat of the second heat exchanger.
31 The temperature control device for the on-board battery

pack accorduig to claim 29, ivhereui the first fluid cirmdaung
passage is provided with a heat storage tmdt that stores the
fluid lmated with the reeoimrcd lmat ol'he fimt hmat

i(1 exchanger.
32. The temperature control device for the on-board battery

pack according io claim 28, wherein thc first fluid cirmilating
passage is provided with a heat store e turk that stores the
tluid heated «ith the recovered heat of tlm first heat
i:xcbtiiigei,

33 The temperature control device for the on-board battery
pack according to claim 24, furtlmr comprising:

an electric heater, disposcedf on the bauery pack, that gen-
erates heat from electric po«er and heats the battery

o pnck ivith tbc gciwrated heat.
34. The temperature control device for the on-board battery

pack according to claim 33, further comprising:
a plumlity of battery pack temperature sensors disposed on

both a center and an end of the battery pack to measure
a tmnpcrature of thc battery pack and to control the
electric heater accordin to measured results of the bat-

tery pack temperauire sensors.


