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COOLING DEVICE FOR ELECTRICAL
POWKR UNITS OF Kl.l (TI'RICAI.I,Y

0PKRATED VKH ICI,FS

CROSS-REFERENCE TO RELATED
APPLICATIONS

llus is a US nauoual stage of Bpplicauon No. PCT/
t!F2003,'013797, filed on 5 Dec 2003

BACKGROUND OF THE INVENTION

1. Field of thc Invmiuou
1'he invention relates to a cooling device for electrical

power units of electrically open&ted vehicles. wherein the
power unit has a pow er section and a control section.

2. Description of the Related Art
II &s generally known lo equip vclucles with clcclnca1 lrac-

uon dmca. DE 37 28 171 C2 U.S. PBL No. 4.998.591 dis-
closes. Ihr cxamplc, Bn clcctromcchaiucal dnvc systmn for a
full-track vehicle. At least one electric traction motor and an
electric steering motor are provided and can be used to
mechanically tmsnsmit the regenerative steering, power from
one drive side to the other.

EP I 060 941 Bl discloses a dcvicc fi&r controlluig and
operalmg an electncal vctucle dnve. In llns dnve arrangc-
mcnt, each drive s&de is prov&dcd w&th its own clcctnc dnve
trio to I'.

In order to supply el ecto cat po&ver to the electric motors fi&r

driving such vehicles„current generators which are driven
by internal combustion engines are enerally provided The
clcclnca1 pow cr is transm&ltcxi to Ihe cleclnr. motors via cor-
rcsponduig power units. Such power uiuls comprise a power
scclioii Bixl il coillrol sect!oil wliich Blc co&i&bi!&Ld 10 foini II

compact physical unit. Depending on the transmitted power,
the power units heat up and have to be cooled in order to
protect their components from overheating. Po&vers which are
transmitted in the power sections are I to 4 powers of ten (10
10 10 ) grcatcr 11&ail iii Itic co!&trot sccliL&iis.

11&e suiglc loop cooling systems used have to be dcsigncd
for Ihc lower maximum penn!as&blc temperatures of the con-
trol electronics 1 herefi&re. large heat exchangers containiug
correspondingly large anlounts of coolant are required in
order to be able to dissipate the large amount ofheat which Is
produced in the power sections usin the low cooling power
of such a low temperature cooling arm&0. ement.

SIJMMARY Ol''I lit INVliN1'ION

On tins basis, lhc oblcct of thc invent&on is to provide a
cooling system which can be used to sutficiently cool both the
control section and the power section and which makes it
possible to use smaller heat exchangers.

Accoidiiig 10 tlic iiivcillioil. B lilsl cool&rig et&coil Is
arrmigcd prunanly for coolu&g lhe control section, mid a
second cooling circuit is arranged primarily for cooling the
power section I'he second cooling circuit i ~ designed and
arranged to feed coolant at a tugher temperanlre than the tirst
cooling circuit.

Ii is ad& anlagcously possible lo use smaller hmit exchang-
ers by dividin the cooling system into a lov -poiver. low
temperature cooling circuit for the contn&l electroiucs and a
high power. high temperature cooling circuit for power elec-
tronics, as suggested by the invention.

11&e cooling system accorduig lo Ihe uivcnlion &s particu-
larly advantageous for electrically operated vehicles since it
contributes to reducing the oven&It weight ofthe drive systeni.

16,443 B2
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BRIEF DESCRIPTION OF THE DRAWING

'I'he sole Fl(il)RE is a block dis ran& of a cooling device
according to the invention

DETAILED DESCRIPTION OF THE PRESENTLY
PRI il 'I iRRI iD 1091 BODIMI iNT)

The FICIURE illustrates an electrical pov er unit I for sup-
10 plyin pov,er to an electric motor for an electncally operated

vetuclc Su&ca Ihc present uivenlion rclalcs to cooluig such a

power unit I, thc clcmlricat ca biuig lo an energy source mid the
assoc&atcd chmtnc motor. mul the signal lines bctwccn mid Ihe

power it!lit 1 opcl';&to!'oillrol dL'vices of thc vehicle, st!eh Bs

the accelenstor pedal, steering device and the like. are not
illustrated.

The povver unit I which is illustrated by way ofexample is
arranged on a printml circuit board 4 in a housu&g 5. Thc
power unit I 0 hie&. m a known maru&er, compnscs a contml
section 2 and a power section 3 is prefi:rably arrm&gcd on thc
printed circuit board 4 in such a way that the electronic
components v,hich belonc to the control section 2 and the
pov er section 3 take up a respective region on the printed
circuit board 4.

A first cooling circuu 11 conlau&ing B heat cxchangcr 9 is
provxlcd for thc control section 2 and a further coohng circuu
12 containing a heat exchanger 10 is prov!desi for the power
section 3 'I'he heat exchangers 9, 10 are designed for extreme
ambient conditions with ambient temperatuies of approxi-

&0 Inately 50 degrees Celsius (122 de~Ceca F ). On this basis. the
heat exchanger 9 can be designed in such a way that a feed
tcmperaturc of approxinuilely 70 dcgrccs Celsius (158
dcgrccs F. ) is provuled for the more sans! uvc components of
thc control section 2.

&I A higher feed temperature Of approximately 90 degrees
('elsius (194 degrees I() is permissible for the power section
3 which converts a multiple of the power converted by the
control section 2. On account of the physical relationship in
which the flow of heal is proportional to thc product ol'he

40 volumctnc liow andthclempcralurcd&ffi rcnccofthe coolant,
the heat cxchangcr 10 with thc lugher tmnperaturc has a
greater cooling po&ver. The heat exchanger 10 can therefore
be designed to he snml ter than a heat exchanger with a lower
temperature. v:hite maintaining the coohn pow er.

On account of the lusher cooling pov er of the second heat
exchanger 10 for the power section 3 and the amount ofheat
which is small in relanon lo Ihc power sccl&on and has lo bc
conducted away Irom Ihc control sixuon 2, thc Iwo heal
exchangers 9, 10 together are physically an&aller than an
individual heat exchanger ivhich mould have to cool both
sections of the power unit at the lower tempemsture

The hvo heat exchangers 9. 10 are prefembly arranged in
senes and a fan 13 can additionally be provided in order to
back up the coohng power.

II Is piirlicuhii ly'd& Biiliigc01ls li& provide pais!licit walls 6,
7 between the po&ver section 3 and the control section 2, these
partition walls extending as far as the comn&on printed circuit
board 4 and dividin theta&using 5 into tv o regions which are
closed off from one another. The partition walls 6, 7 are

io preferably produced from a thermally insulating material.
('noting ducts 8, 14 for conducting the coolant can be

pmv id ed in the housing 5 and on the partition walls 6, 7 for the
different cooling circuits 11. 12.

Instead ofproducmg Ihc power unit I as a compact assem-
ss bly, II is also li:Bsiblc for Ihc power section 3 and the control

section 2 to be arnsnged such that they are physically separate
from one another.
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In general, the components of thc puw cr sccuon cncratc 0

lar e amount ofwaste heat but can also withstand high ambi-
ent temperatures, whereas the components nf the cnntrnl stx-
tion generate less tvaste heat but can only withstand a lower
ambient temperature. In the case of exceptions from this rule,
it is also entirely possible to place elements which nre typical
01 Iht: powt:I section 10 thc legion til Ihc council section 11

thcsc gcncrate a small amount oI'waste heat or only withstand
relatively low ambient tenlperatures. Jt is equally possible to
place components which are typical of the cimtml sectinn in
the power sectinn if these withstand high ambient tmnpera-
nires. It may also be advantageous to break up the indepen-
dent assemblies of the pov er section and the control section
d9 9llch. dnd fornl lit:w Bsscnlbllcs whose clculcnls Blc ctinl-
bmtxl according to gcncratton of and scnsiuvity to heal

'Jhe important core feature of the invention can be seen in
pmvidinn two separate cooling circuits filr cooling an eltx-
trical powerunit ofelectrically operated vehicle~, and con ling
the conlponents of the power section v:hich are subject to a
hi her temperature using a more powerful high temperature
coolulg circuit On account of the improved cool mg power oI
thc high tmnpcrature cooluig circuit, 0 more compact heat
exchanger can be provided for the significantly larger anlount
of heat v hich mainly has to be dissipated frnm the pnwer
section A relatively snlal1 heat exchanger with a lnwer cool-
ant temperature can also be provided for the relatively small
anlounts ofheat from the control section. The overall result is
Iherefore an adv antu geo us reduction m 1bc size of lhc coo ling
system compared to a single heat exchanger vhich Ims to cool
both the power section and the control section with a lov
tenlpemture

'Jhe reduction in size of the cooling system results in
smaller heat exchange areas and smaller amounts of coolant.

What is clauned Is:
1. A coollllg sy'steal for Bn clcclrlcal ptlwi:I Ilnlt of Bn

CJccxncally opcruted vcluclc, smd power umt comprisul at
least one power section and at least onc control seclion, said
cooling system conlprising:

a firs I cooling circuit arranged to p ritnari 1y cool said at least
one contml section. said first cooling circuit comprising
a first heat exchan er configured and arranged to feed
coolant to said at least onc control section at a Jirsl
coolant tmnperdturc,

a second cooling circuit arrmlgcd to pnmauly cool smd at
least one power sectiim, said second cooling circuit
comprisin a second heat exchanger configured and
arran ed to feed coolant to said at least one power sec-
tion at a second coolant tempemsture which is hi/ter than
saiil lirst coolant tcmpcraturc, and

at least onc paruuon wall arranged between smd at least
onc power section and said at least onc control section,

whcrcin 9 ud at Jca st one pow cr section aud said at least onc
control section are arran ed one conlmon printed circuit
hoard in a cnmmon housing.

2 The coolin system of claim I wherein said first heat
cxchangcr is conligured and arranged to fi:cd coolmlt to said
at least one control section at a coolant tempcmlurc of
approxmlately 70" O.. mid said second heat exchanger is
configured and arran ed to feed coolant to said at least one
pov er section at a coohsnt tempemsture of approximately 90"

I it

3 Thc cooling system ofclaun I whereui saul second heat
exchanger is arranged serially downstream of said first heat
exchanger with respect to a direction of atr flow toward said
first heat exchanger.

4 Thc cooling system of claim 3 further compusulg a fan.
said lirst heat exchanger beulg arranged serially don mtrctun
of said fan

5 An eiectrical potver system for an electrically operated
vchlclc. sdiil powcl svstcni conlprlslng.

a power unit comprising at least one potver section and at
least one cnntrol section:

a lira 1 cooling circ u I I arranged to pn manly cool said at least
onc control stmtton. said Jirst cooling circuit compnsulg
a lirst heat exchanger conligurcd und arrangixl to fccxJ

cnolant tn said at least one control section at a first
cnolant temperature:

a second cooing circuit arranged to pnmarily cool said at
least one power scciion, said second cooling circuit
cnmprising a second heat exchanger configured and
mranged to feed coolant to said at least one pow:er sec-
tion at a second coolant temperature which is higher than
said first coolant tempemsture, and

at least onc parutton wall arranged beuveen said at least
one pnwer section and said at least one contml section;

ls
whcrcin 9 ud at Jca st one pow cr section aud said at least onc

I:0atro l srctiou tlri: dlrangcd tin 9 conlluotl pl1lui:il cue till
hoard in a cnmmon housing.

6 Thc cooling systmu 01'claim 5 whcrctn said at least one
partition wall is made oI'hermally tnsulauug material.

90
7 Thc cooling system of claim 5 wherein said at least onc

power section and smd at least onc control section arc spa-
tially separate from one another

8 llic power system of cldun 5 whcrcui said control sec-
tion conlpl1sis clclut:019 v'hlch dlt: dirdngi:tl 10 d region 01
said at least one potver section.

9 The power system ol'cldun 5 wherein saul at least onc
powt:I scctloll conlpll9cs i:lcnlt:nm which Brt: tttrttngctl ln II

region of said at least one control section.
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