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Hermetically Sealed Cooling Structure for Small High-current Density Motors
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A motor cooling structure for electrification vehicle
drive motors capable of absorbing the increases in
heat generation from miniaturization with high current
has been developed. The conventional cooling method
involves dripping refrigerant onto exposed parts of
the stator coil, relying on thermal conduction to
indirectly cool the coil inside the stator slots where
the refrigerant cannot reach. In this study, we have
established a technology that directly cools the entire
coil by hermetically sealing the stator to immerse the
entire coil in automatic transmission fluid. Using a
prototype motor, the technology has been demonstrated
to have more than twice the cooling performance of
the conventional cooling method. It was also confirmed
that further enhancements in cooling performance can
be expected by increasing refrigerant flow rate.
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O : Amount of heat removed (W)
R : Thermal resistance (K/W)
T, : Temperature of coil (K)
Tsrp - Temperature of ATF (K)
A : Heat transfer area (m®)
h :Heat transfer coefficient (W/m’K)
Nu : Nusselt number
: Characteristic length (m)
k  : Thermal conductivity (W/mK)
Re : Reynolds number
U :Flow velocity (m/s)

v : Dynamic viscosity (m’/s)
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Fig. 5 Relation between current density and coil
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Table 1 Motor specifications
Motor type IPMSM
System voltage 350 V
Number of poles 8
Number of turns / slot 5
Current density Twice conventional density
Coil type Segment conductor
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Fig. 10 Prototype motor
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Fig. 12 Relation between flow rate and pressure loss
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