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Development of direct-cooling technology for in-wheel drive system

Tetsuya Suto Makoto Ito

Akeshi Takahashi

Ryuichiro lwano Takafumi Hara

We are developing a small and lightweight direct-drive system towards realization in-wheel EVs. To achieve the world-class 2.5kW/kg power

density of motor, we developed a direct-cooling motor that immersed core, coils and magnets in cooling oil and improved cooling efficiency. We

conducted heat-run test on the test bench, it was demonstrated that direct cooling is effective and continuous operation is possible. Additionally, it

was found that the coil temperature can be controlled by the flow rate of the cooling oil. In this paper, we report the concept of direct cooling and

the results of the measurement.
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Table 1 Specification of “Direct Electrified Wheel”

No. Item Unit Number
1 Power density of motor kWikg 2.5
2 Wheel size inch 19
3 Maximum output kw 60
4 Maximum torque Nm 960
5  Supply voltage Ve 420
6 Maximum current Arms 280
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Fig. 1. External view of “Direct Electrified Wheel.”
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Fig. 2. Conventional method of liquid cooling.
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Fig. 3. Direct cooling method.
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Fig. 4. Concept of direct cooling.
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Table 2 Condition of heat-run test

No. Item Unit Number

1  Rotation speed min? 100

2 Flowrate L/min 2,58

3 Temperature Coil end,
measurement point Outlet of cooling oil
Allowable

4 temperature rise of K <60
coil end
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Fig. 5. External view of test equipment.
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Fig. 6. Relationship between loss and temperature rise.
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Fig. 7. Relationship between flow rate and temperature rise.

4. ¥ L 0

ABRFETIE, B—FWNHEHEM TR L a2/ a7 7
EOFREILZ L LT A CEBERHIT 55 A4 L7 Ml
WAL YT NeER L, TAMUF ETA URA—L
B IO — T URBRAEE L, ka2 A L
TRLEE 2 S L7250, BRIt LT 50%H /1484 ooifiiis
RN TH aA VORE EFIZ 50K LLFThY, 1L
7 MBS OBHYRETEGRT D Z LN TE . £, £IEKIC
5 D EFHHED BN RE LA LY b R TE—HIT
BT, BENMOWGE & 21 RN FIOBR E 725 2
LA LTz,

A 1213 Fig. 8 D X 5 72 EV 3AAFEHLZF4Hk L 7= Direct Electrified
Wheel OPERERGEZ HED TN .

Fig. 8. Prototype EV.
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