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A coolutg system for a vehicle havtn an engtne and an
electric motor, whmein tlm electric motor is arranged to gcn-
emte a motor torque for driving the vehicle, the cooling sys-
tem comprising means for transfemng heat energy henveen
the motor cooling means and the engine cooling means upon
the occurrence of a predetermined critena, wherein the motor
cooling means is for controlling the temperature of the elec-
tric motor and the engine cooling means is for controlling the
tefltpeltltllre of the engine
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[0001] The present invention relates to a cooling system
and u& part&cular a cooing system for a velucle hav&ng an
engine and an electric motor, where the electric motor is
arranged to generate a n&otor torque for driving the vehicle.

[0002] Iiybnd velucles use one or more electnc motors to
drive the vehicle with an internal combust&on en@'ne bein
used, dircmtly or uidiree&ly, ws a po«er source for the one or
more electnc motors. For example, in a senes hybnd the
internal combustion engine is used, in combinat&on w&th a

generauir. to convert the chc&nical miergy in hydrocarbons
fuel into electrical energy, «hich is stored u& a convenient
f&ir&r&

[00 03] Accordingly, the m&gine for a series hybrid vehicle
typ&cally only needs to be sw&tched on v.hen charge &s

required for powering the electric motors of the vehicle, oth-
erwise a significm&t amount of liucl could bc uscxi by thc
engine uiu&aceasarily. Consequently, depending on the type of
] ou nwy, the engine ofa series hybrid vehicle may be switched
on and offa cons&derable munber oft&mes duru&g a trip, where
inevitably the engine ivifl cool down v;hen it is not running.

[0004] However. during the warm up phase of an internal
coimbustion engu&c (&.e the heating el'm& u&ternal combust&on

eng&ne fmm amb&ent temperature to an optinnun engine tem-
perature) thc internal combustim& engine iiifl bc operating
less efliciently and in a manner that can cause d unage to its
u&ternal components.
[0005] During this «arm up phase a rich fuel mixture is

used, «hich is poor li&r fuel cf&cicncy m&d mnissions Tlm
excess fi&el can 'wash'he engu&es cylinder bores of the&r

lubricating oil filn&, thereby increasing tlm risk of «car
[0006] I'urther. the part&al combusuon of fuel can result u&

hydrocarbon deposits forming on, for example, tbc engines
piston crov ns. These dc7&osits cm& retain large uuouutsol'eat.

wluch can result &n both a loss in peak volumetnc efli-
cicncy of tlm engine and a grcarer risk of prc-ignition

[0007] Add&tionafly. as the lubncat&ng oil ol an engu&e &s

likely to be nuire v& aco us at ambient tempemture compared to
that at m& optimmn engine &cmpcraturc, grea&cr pumping and
fnct&onal losses can occur dunng warn&ing up ol an internal
combustion engine.

[0008] When an en ine is openstu&g below &ts optimal tem-

perature, the difi'erence in them&al expans&on coeific&eats of
thc various components results ui clmirmices rester or less
0&an the&r des&vgn requ&re. I'or example, a steel crank main
bcaring journal operating inside an aluminium housing will
have a tighter clearance at loiver temperature, increasin thc
shear rate of the lubricating o&l and hence the drag, whereas an
aluminium piston in a steel bore will lvive increased clenr-
ance, v ith renter undesu &hie piston movement in &he bore,
which can cause wear and damage

[0009] As the i&am& up period of an u&ternal combustion
eng&ne can typ&cally be anywhere be«veen 2 to 15 minutes it
is possible, duc to the intermittent operation ofm& engine in a

sensa hybnd velucle, that an internal combustion cupne fora
series hybrid velficle could be operating at a non-optinnun
temperature for a large pcrcentagc o I'he time it is ninning.

[OU10] It is desirable to improve tlus situat&on.

[0011] In accordance « ith an aspect of the present invm&-

tion there is provided a cool&ng system accordu&g to the
accompanying claims.

[0012] ll&is prov&des the advantage of allowu&g the tem-
perature ol'm& engine 0& bv increased poor to the cnginc being
run. thereby allowing the engine temperature to be closer to
thc engines optiimun operating tmnperature at start up. This
aflows the eng&ne to nm more sfliciently frere stan up and
reduces the reqmred warn& up tune.
[Ot)13] Theprcsent invention willnowbcdcscribixl,bywny
ofexample, « ith refi rance to the accompanyu&g drawings. u&

wl&ich:

[0014] FIG. 1 &flusirates a schemat&c of series hybnd
vehicle;

[0015] FIG. 2 illustmites a coo&1&ng system according to an
embodiment of thc present invention;
[0016J Fiti. 3 iflustmtes a first configuration of the cooling
system according to an embodiment of thc present invention,

[OU17J FIC). 4 illustrates a second configura&onofthecool-
ing system accordu&g to an embodunent ol the present inven-
t&on:

[0018] FIG. 5 illustrates a tlurd confi uration of the coo hug
system according to an embodiment of the present invention.

[0019] I'IG. I illustrates a senes hybrid velucle 100 havu&g

a plurality of in-wheel electric motors 101. an internal com-
bustion migine 102, a generator 103 mul an cncrgy storage
dev&ce 104 such as a battery or capacitor.

[0020] The in-wheel electnc motors 101 are arranged to

pmvide torque for drivu&g the veh&cle 100. as is ivefl known to
a person skiflcd u& tlm an Typically an in-wheel electric
motor 101 will be incorporated w&tlnn at least two wheels (not
shown) of the imhicle 100 For example. in a car lmving four
«hi«is. ui-ivheel clcctric motors may be incorporated within
afl four of the wheels or w&thin two of the wheels tl&at are
prefi:rably located on the sanm axis

[0021J An exmnple of an in-wheel electnc motor is
described in pa&cut application GB 2 440 251.

[UU2Z] Although the present embodiment describes a series
hybrid veh&cle having in-wheel electnc motors, as ~ould be
appreciated by a person skilled m the art, a series hybrid
vehicle according to an embodiment of the present invention
could use any ii&rm of electric motor arnsnged to generate
«irque for driving the velucle. for example a single electric
motor connected to n drive system that is armnged to transfi:r
the dnve torque enerated by the electric motor to tv o or
n&ore ol'he «beds of the vehicle. Furtlmr, although thc
present embodin&ent describes the use o I'm& iuternnl combus-
t&on eng&ne as the power source for the electnc motor, where
a generator is used to convert power generated by the engine
into electric current that is used to directly run the electnc
motors or indirectly via the use of an energy stomge device,
thc prcscnt invention is equally applicnble to other po«vr
sources for the electric motors that require a cool&ng system,
for exmnple fuel cells.
[0023] The internal combustion eng&ne 102 &s coupled to
the gcncrator 103. When tlm engine 102 is nm ning tlm engine
102 is arranged to dove the generator 103. ivhich &n tun&

genemtes charge C&at is stored in the enernv storage device
104 The cncrgy storage device. 104 provides power to the
u&-wheel electric motors 101. The generator 103 could, ho«.-

ever. be configured to bypass the energy storage device 1()4 to

pmvide the required power directly ui the in-&&heel electric
motors 101.

[0024] I'lC). 2 illustrates a coolu&g system 200 lor use in the
series hybrid vehicle described above.
[0025] ll&e cool&ng system 200 includes a motor coohng
arrangement ZUI and an engine cooling arrm&gement ZU2.
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[0026] The motor coioling arrangement 201 includes a

motor radiator 210, u first pump 203 and a first valve 204,
»herc ciiolant is arranged to flow ar&»n&d ihc motor cooling
arrangement ZUI for providing cooling to the in-whceel elec-
tric motors 101. as is w ell known to a person skfllcxf in the art.

Typically the coolant will be a hquid. Iiov,ever, other fhiids
could be used. Al terna tive ly, cooling could be provided usi ng
mm-fluid materials, v lmre cooing could be providixl, fiir

exmnple, by conduction.

[UU27] I'he in-wheel elcvtric motors IUI have conduits
within the electric nxitors to allot& coolant to flos tluuuJvt the
electnc motors 101 to aid the removal of beat genemted
wi dr in the electric motors 101, f&ir exmn pic w i(bin tkm electric
motor coils. as is well knoivn to a pen,on skilled in tire a&t.

[0028] Thc electric n»itor cmiduit outlets arc coupled to the
motor radiator inlet via the first valve 204. where the hrst
valve 204 &s arranged upon predetermined enter»i. as
described in detail below, to couple thc motor cooling
arran ament 201 to the en ine cooling arrangement 202 to
allow coolant to flovv from the motor cooling arrangement
ZUI to tlm engine cooling arrangcmcnt Z02

[0029] Tlm motor mdiator outlet is coupled to the electric
motor coohng conduit inlets via the first pump 203. v, here tire
first pump 203 is arranged to pump coolant around the motor
cooling arrangement 201, thereby allowing coolant to flow

through the el ac toe motors 101 to cool the electoc motors 101
with the mouir radiator 210 being used to cool the coolant.

[0030] The engine cooing arnsngement 202 includes an
cnginc radiator 205, a sec&»id pump 206. a second valve 207,
a third valve 208. mid a founh valve 209

[0031] Thc engine 102 is designed to include conduits for
allowing coolant to floss tluough the engine IUZ to aid the
removal of lmat gencratcd w:ithin the engine 102, as is well
known to a person skilled in the urt.

[0032] Typically. the same cool mt will be used in the
en ine cooling arrangement 202 as for tire motor cool&&1

arrangenwnt 201 As such, normally thc coolant will be a

liquid. Iiowever. other fluids could be used. Alternauvely,
cooing could be provided using tarn-fluid materials. where
coolmg could bc provided. I'or example. by conduction

[0033] Thc engine cooling conduit outlet is coupled to &hc

sec&md valve 207, wluch may be a thermostatically controlled
valvi..

[0034] Withui an embodunent of the present invention,
when the temperature of the coolmit at the second valve 207
&s below a predetermined &empemsture the second valve 207 & s

arranged to couple the engine cooling conduit outlet to the
Ihird valve 208. The third valve 208 &s arrange»I. upon prede-
termined criteria descnbed below; to couple the engine cooi-
&ng arrangement ZUZ to the motor cooing arrangement ZUI to
allo~ coolant to flow from the engine cooling arrangement
202 to the motor cooluig armngement 201. If the third valve
208 is em&figured to not aflow coolant to flow from the a&gine

coolutg arrangemmit 203 to the motor cooling arrangement
201 the third valve 2U8 allows the coolant to be redirected
back to d&e migine 102 via tlm second pump 206

10035] Wlmn thc temperature of the coolmit at the second
valve 207 is above a predetern»ned temperature the second
valve 2U7 is arranged to couple &lie engine cooling conduit
outlet to tbc cngioc radiator 205. Whc» &hc s&vond valve 207
&s arranged to couple the engine cooluig conduit outlet to the
engine radiator ZU5 the second valve ZU7 can be

configured

t

direct afl the coolant tluough the radiator or lust a certain
percentage of thc coolmit w ith the rest o I'he &umlaut bypass-
&ng the radiator 205.
[0036] The engine niduitor outlet is coupled to the liiurth
valve 209. The fourth ~siva 209 is arranged, upon predeter-
mined criteria described below. to couple the engine cooling
arrangement 202 to the motor cooling arra&tgement 201 to
allot& coolant to flow from the engine cooling arrangement
202 to the motor cooling ammgcment 201. I I'the I'ninth vnlve
209 is conti ured to not allow coolant to flow from the engine
cooling arrangement 202 to thc motor cooling arrmigement
201 the Iiiurth valve 209 allows tlm coolmit to be redirected
back to the en ine 102 v&a the second pump 206.
[0037] The opemt&on of the first valve 204, tlnrd valve 208
and fourth valve 209 wdl typically be controlled by a centml
conirofler kfowever, us would bc appreciated by 'i p&.'Is(i&1

skilled in the art, the op emotion of the valves could be operated
by any means. For example, by using a stepper motor that
receives a position si nal from a central controller.
[0038] Additionally, the opemtion of the second valve 207
may also be controlhxf via a controller. As such, if the second
valve ZU7 &s a thenuostatic valve the controller can be
arranged to override the thermal settings of Ihc valve Aller-
nanvely. &f the second valve 207 is not a thermostatic valve the
opemtion of the valve v;ill typically be controlled solely by a

co&I&I'i i I 1 el

[0039] In accordance v,ith embodinwnrs of the pre~ant
uivention, based on the predetermined conditions under
whicli the first valve 2U4. second valve ZU7. tlfird ~siva 2U8

and foun h valve 209 op cmtc tlm cooling system can bc placed
ui d&fl'creat modes ofoperation.
[0040] For exmnplc, dcpmulent upon the difference in tmn-

perat»re of the coolant passing tluough the engine 102 and the
electric motors 101 and/or mi operating cimdition of the
engine 102 and/or the electric motors 101 tlm first valve 204,
tlurd valve ZU8 and foiuth valve ZU9 can be configured to
either isolate die coolant flow through thc engine cooling
arrangement 202 and the motor cooling arrangement 201 or
couple the engine cooling arrangement ZU2 and the motor
cooing ammgement 201 to allow coolant to flow from the
motor cooluig arrangement 201 ui the engine cooing
arrangement ZU2 and vice versa.
[0041J FI(iS. 3 and 4 illustrate a mode of operation of the
cooling system 200 in which the motor cooling arrangement
201 is coupled to the engine cooling arrangement 202 to allow
coolant to tlow from the motor cooling arrangement 201 to
thc engine cooling ammgemmit 202 and vice versa That is to

say, the tirst valve 204 is configured to allow coolant to flow

from the motor cooling arrangmnent 2UI to the engine cool-
uig arrangement and the tlurd valve 208 and the fourth valve
209 are configured to allot& coolant to flovv thorn the engine
c&ioh&ig &ill&I&&get&le&it 202 to tkli'. &&lotos cool&it a&i&I&&get&le&it

201.

[0042J FI(h 5 illustrutes a mode ofopera»on of the coohng
system 200 in which the motor cooling arrangement 201 is
decoupled from the engme cooling amingement 202, thereby
preventing the flovv of coolant from the motor cooling
arrangemcnt 201 to thc engine cooling arrangement 202

[0043] Thc li:a&wcs in FICiS 3. 4 aild 5 that corres'pimd to

the features &n Fki. 2 have been given the same reference
numerals as those given in FICi. 2.

[0044] Fxamplcs of criteria f&ir placing thc cooling system
200 into the different modes of opemst&on v;ill noiv be
described.
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[0045] If a controller determines that the engine tempera-
ture is less tlmn onc or morc of the electric motors 101 or thc
coolant ui the motor cooling iwnsngement 201 the contmller is
arranged to configure tlic first valve 204. the third valve 208
and/or fourth valve 209 of tbe cooling system 200 to aflow
coolant to flow benveen the motor cooling arrangement ZUI

and thc engine cooling armngement 202, as shown in FI(IS. 3

and 4 Typically thc determinntion that the engine tempera-
ture is less tlmn the one or more electric motors IUI will be
pcrformcd what tire engine 102 is not nuininu.

[0046] The temperature of the enguie 102 and electric
motors 101 can be determined by any suitable means; for
exmnple, by measuring the tempemture of components
witlun the engine 102 uid electnc motors 101 respectn ely or
by measuring the temperature of coolant tlmt has passed
through tbc engine and electric inotors rcspccctivcly.

[0047] To clrdnge the thermal capability of the system the
second valve 207 is arranged to direct the engine coolin
arrangenwnt coolant s(1 that it bypasses the engine radiator
205 if the coolant temperature is below a predetermined tem-
perature (as shown in I'KI'] and to direct the engine cooling
andngement coolmit through thc engine radiator 205 if thc
coolant temperature is above a predetemuned value (as
shown in Fl(I 4].

[0048] Where a determination Ims been made that the

engine tempemsture is less than the temperature ofone or more
of the electnc motors 101 and the first valve 2(14, the third
valve 208 and/or the fourth valve 2 (I9 have been configured to
allow coolant to flou between the motor cooluig arrangement
ZOI and the aigine cooling arrangement 2U2, for a system that
is not able to disungtush between enguie temperature and
electric motor temperature once the motor cooling arrange-
mcnt 201 Bnd engine cooing arrangemcnt 202 have bcmn

coupled it would be prelbrable that the lirst valve 204, the
third valve 208 andfiir fourth valve 209 be configured to
prcvait coolant flov ing between flic mouir coolmg, arrange-
nient 201 and engine cooluig arrangement 202 once a deter-
mination has been made that the cngiiw. 102 has been
suite best on mid is running. That is to say, once (bc engine 102
is running the first valve 204, the third valve 208 and/or the
fourth valve 209 arc control(cd to dcmoup lethe motor cooling
arran ament 201 I'rom the en ine cooluig arrangeiuent 202.

[0049] By divertin the motor cooling armsngement coolant
into the engine cooling arrangement 2U2 tlfls has the advan-
tage of aflouing flic temperature ol'hc aiginc 102 to bc
increased before it is switched on. Accordingly, the engine
102 willbe closer to its optinnnn opemting temperatnrc when
1he engine 102 is switched on. Consequently. in such a con-
Iiguration. it may not be necessary to use a rich fiiel mixture
when startm the cn ine 102, thereby incre'ising I'uel efli-
ciency mid minimising v, ear upon the engine.

[0(I50] With the motor cooluig arrangement 201 and the

engine cooling arrangement 202 decoupled to prevent coolant
flou ing between the motor cool uig nrranganent 201 and the
engine cooling arrangement 202 (as shown in FI(i. 5], the
second salve 207 is arranged to direct thi: aigine aioling
arratigement cool mt so that it bypasses the engine raduitor
205 if the coolant temperature is below a predetennincd tan-
Pclatllie aad io il1l'el:I the cllg1 lie Coo II llg Birailgcn1Cllt ciiii lit(it

tluough the engine radiator ZU5 if the coolant temperature is
above a predetermined value.

[0051] Houmimr, in the situation in herc the clcctric motors
101 are running and the engine 102 is not running with the
tirst valve 2U4 being arranged to couple the nxitor cooling
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[0055] Mode I corresponds to the cooluig system illus-
trated ui FI( h 3, v, here valve I 204 is arranged to couple the
motor cooluig arruigement 201 to the engine cooling
arrangement 202 to allow coolant to flow from the motor
cooling arrangomcnt 201 to tin. engine cooling arrmigement
202 and valve 2 is arrange(I to direct cool mt to the motor
mdintor 21U via the engine radiator 205.

[0056] Mode 2 corresponds to the cooling system illus-
trntcd in FI(i. 4, where vahv. I 204 is arrangal to couple thc
motor cooluig arrangement 201 to the en ine cooling
arrangement 202 to allosv coolant to flo from the motor
cooling anmigcment 2()1 to tlic engine cooling arrangement
202 and valve 2 is arranged to direct coolant to bypass the
motor radiator 202 and the engine radiator 205.

anangement 201 and the engine cooling arrangement 202, a
controller can be utilised to control the opemtion of the sec-

ond valve 207 to aflou ihi: coolant hi pass throu h the cnginc
mdiator 2U5 independent of tlie coolant temperature. thereby
aflowing enlmnced cooling to be applied to the coolant and
uicrease electnc motor performance. If. hov, ever, a determi-
nation is made that thecngine 102 is shoaly to be switched on
tin. seamd vnlvc 207 is cimfigurcd to bypass the engine
mdiator 205 and the motor radiator 202 thereby allowing
engine temperature to bc tncrcasccdt further beliirc engine
switch 011.

[0052] To enhance enguie cooling once the electric motors
101 have stopped, and hence the vehicle has stopped. prefer-
ably the controller is arrange to opcmtc the first valve 204 to
couple the engine coolui arrangement 202 md the motor
cooling arrangement 2UI to increase cooling of the engine.

[0053] It should be noted that u hen the heat rejection from
a nmning engine is unsustainable, under certain circumstance
where the load on the electnc motors is lou (e.g, when the
electnc motors are operatmg at a low speed) the engine cool-
ing arrangement 2(I2 and mo air aioluig arrangemcnt 201 am
be coupled, thereby alloiving the en@Be to benefit from the
cooling capacity of thc motor mdintor and thc considkrnble
ihenual cnpacitance of the electric motors and the motor
coollllg Bllaillgclllciit.

[0054] Where engine and electnc motor tetupemture uifor-
mation is available, for example via tcmperatnre probes on
the engine and electric motors. examples ofdifli:rent cooing
system configurations are listed belov; in table l.
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[0057] Mode 3 corresponds to the cooling system Illus-
trated u& 510 5. where val& c I 204 is a&ranged to dccouplc the
motor coolu&g arrmgement 201 u&d the engine cool&ng

BIYBngknlcnt 202.
[0050] 0owcvcr. Bs woukl bc Bppl'Leis&cd bv B pc&son

skilled in the art, different cooling system ZUU configurations
could bc adopted to those described above.
[0059] Although the present embodiment allow shoat irans-
fer to occur bertvkeen the motor cooling arrangement 201 and
cnginc cooling arrangement 202 by allowing coolant to tlow
between the motor cooling arrangement 201 and the engu&e

cooling arrangement 2U2. other forms of hoot transfer could
be used. I'or example. a heat exchanger could be coupled
between the motor coolmg anungement 201 and the eng&ne

cooling arrangement 2t)2 that is arranged to allow thc motor
coul Big Br&angcmcnt 201 Bnd lhc cngnlc cooing BIY&alger&cut

202 to be thertna lly coupled based on the same critena as tlmt
described above with respect to Ibe operation ol the lira&

valve, tiurd valve and fourth valve.
[0060] Additionally. the moa&r cooling arrangement ZUI

c u& be couflgurkxI to also provide cooling to tbe gene& aior 103
&n a s&nular nmnner as for the electric motors 101.
[0061] It will bo apparent to tlxisc skilled in the art that thc
d&scloved sub&act matter may be modified in numerous ways
m&d may assume embodiments other than the preferred forms
specifically sct out as describcdl above. Iiir exmnplc tlm cool-
ing system could be utihsed in an any form of velncle havu&g

an electric motor for genem ting torque for driving tlm velficle
and an engine, lior example a parallel hybrid vehicle where
both the engine and the electric motor can be used to generate
torque for driving thc vehicle

1. A cooling system for a velucle havu&g u& electric motor,
where&n the electrtc motor is armnged to genemte a motor
torque fi&r dri&ing the vehicle, and a power source fi&r the
electrtc motor, the cooing syslem comprising means for
transferring heat Lumrgy between tirst cooling means and
second cooling. a&cans upon the occurrence ol' predeter-
mined cnteria, where&n tl&e first cooling means is for control-
ling the temperature of the electric nx&tor and thc second
cool u&g memis is lor con&roll&n the temperature of the power
source for the electric motor, wherein the pow er source is an
internal combustion engine nnd the n&cans for transferring
heat energy is armnged to &nh&bit the tmnsfer of heat ener &

between the first cooling means and the second cooling
mmms upon thc inten&nl combustion engi&w being switched
Lul.

2. A cooiu& system according to clnun 1, whereu& the
internal combustion engine is coupled to a genemtor that ls
arranged to convert power generated by thc engine into an
electric current.

3. A cooln& system according to cln&m 2, uherem the
genemtor is coupled to an energy storage dev&ce tlmt &s

arrm&gcd to store electrical charge generated bv thc generator
and where&n lhe energy slorage device &s arrm& ed to prov&de

a current to the electric motor.
4. A cooling system accordu&g to cia&m 1, v.herein the

predetermined criteria upon wlfich the means for transfemng
transl'ers heat energy bet~can the first coolu&g means m&d the
second coolu& means is dependent upon the temperature
dil'll:rm&ce between thc lirst cooling nmm&L m&d thc Lvkond

cooing means.
5. A cooling system according to claim I, ivhercin the

predetertnu&ed cnteria upon wluch the means for tmnsferrtng
transfers heat energy between the first cooling means m&d the

second cooling means is dependent upon the temperature
diffi.re&wc between the lirst cooling means m&d the second
cool&ng means and/or an operatu&g cond&tion of the power
source and/or the electric motor

6 A coolin system according to cl um l„wherein the
predetermined criteria upon wluch the means ii&r transfemng
trm&sfers heat m&ergy bcnvecn the first cooling means and the
secoml cooling means is dhpcndent upon the dctenninat&on
that the motor is pmviding torque, the pov;er source is
switched otfand the tcmpcraturc of the first cooling nwans is

higher than the second cooling means.
7 A coolin system according to claim 1. wherein the

predetermined critena upon wh&ch the means for trm&sfemng
trm&sfers heat onergy bonvecn the first cooling means and the
second cooling means is dependent upou the determination
that tl&e motor is switched off m&d the pov;er source is
switched off

S. A cooling system according to claim I, wherein the
predcierminkxI critena upon winch theme u&s for trtmsl'along
trm&sfera heat energy bertveen the first coolu&g means and the
second cooling means is dependent upon the dctcm&ination

that the temperature of the lirst coohng nwaus &s at a lrigher
tmnperature than the temperature of the second cooling
nlcans

9. A cooling system according to claim I, wherein the
second cooling means is arranged to supply coolant to the
pov, er source.

10. A cool u&g system according to clean 1, where&n the lirst
cool&ng means is arranged to supply coolant to tl&e electric
nloiol'.

11 A cooling system according to claim 1, wherein the
means for transli:rring is a heat exchanger.

12 A cooling systc&u according to claim 1. wherein the
means for transferrtng is a valve umnged to alk&w coolant
supphed to the electric motor to enter the second cool&ng

mkans fiir supply lo the power source upon &fm deism&ination
that coolant supplied to the electnc motor is at a lugher
tmnpcrnture than thc coolant supplied to the power source.

13. A cooling system accordu&g to claim 1. whereu& the
cooling system is armnged to operate in a vehicle having a

generator for generat&ng an electric current from the power
genemted by the en ine. v;here&n the first coolin means is
arranged to control the temperature ot the generator

14 A cooling system according to claim 1. v,herein the
power solirck. ia arranged nil& ti& bc switched on until thc
second coolu&g means has raised the power source tempera-
ture to a predetem&inkxI tempemture.

15. A cooling system according to claim 1. v;herein the
cooling systen& is arranged to operate in a vehicle wlmrein the
electnc motor &s a plural&ty of u& wheel electnc motors.

16 A cooling system according lo claim 1. ivhereu& the
means ii&r transfernng heat energy &s arranged to &nlfib&t the
trnnsfi.r of heat energy from thc second cooling means to the
lirst cooling means upon a determination 01st the second

cooling means is at a higher temperature than the first cooling
nlcans

17. A cooling system according to claim 16, wherein the
means f&&r transl'emng heat energy &s arranged to mhib&t the
transfer of heat ener y by prevent&ng the supply of coolant
from tlm electric motor to thc,second cooling means

10. A vehicle comprising a cooling system having an elec-
tric motor, wherein thi'. clcctflc irlotrlr Ls alYangkxi to gcncraltc
a motor torque for dnving the velucle, and a power source for
the electric motor, the cooling system comprising means for
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tmnsfemng heat energy between first cooling means and
second cooling means upon the occurrence of a predeter-
mined cnteria, v heraus thc firsi conling mmuis is liir control-
ling the temperanire of the electric nuitor and the second

cooing means is for control ling the temperature of the pou er
source for the electric motor, wherein the pois er source is an
internal combustion engine and the nieans for transfcmng
heat energy is arranged to inhibit tlm tmnsfer of heat energy
between the first cooluig means and the second coiilin
means upon the internal combustion engine being switched
sill.

19. A velucle according to claim 18, wherein the internal
combustion engine is coupled to a generator that is arranged

to comert posser generated by the engine into an electnc
current, v herein the generator is coupled to an energy storage
device tlmt is arranged to store electncal clmrge generated by
the generator and viherein the energy storage device is
arranged to provide a current to the electnc motor, wherein
the engine is arranged to be switched on to allow the genera-
tion of electric clbarge upnn a prcdetcrmiiwd criteria being
met.

20 rg vehicle according to claim 18, wherein the first

con hug means and/nr the second cooling memis us elude coo I-

ant tlmt is arranged to be diverted tluough a mdiator depen-
dent upon a predetemtinivt criteria


