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Development of the Stator for Thin Electric Motor
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ABSTRACT

For efficiency improvement and miniaturization of
electric motor to be equipped in hybrid electric vehicle,
lap winding was adopted as winding type of stator and
reduction of thickness and loss of the motor was
achieved. Three nozzles are utilized to wind from the
outer circumference around I-shaped split cores, enabling
the length of the braided winding overhang to be
minimized, reducing the length of the winding. The use
of multi-hole alignment nozzles and a jig for fixing the
winding has increased the space factor. In addition,
employing a two-step stamping process in which the first
load is applied to increase the internal diameter and the
second is applied in the axial direction has enabled the
height of the winding overhang to be limited to 10mm.
These have increased operation efficiency by 7%.
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Table 1 Comparison of winding types
Winding type
Factor Effect Lap winding Concentrated winding
Winding overhang Thickness - good
Copper loss - good
Winding factor | Copper loss good —
Iron loss good -
Necessity of high
Harmonic wave of | voltage parts in good -
stator flux inverter
Torque ripple good —
Noise good -
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Fig. 1 Relation between space factor and height
of winding overhang

gooodad

3.1.0000000000000000

goobooooobobooooobobooooobooboboo
Fig.20OODODOODOOOODOODOOOOOOODOO
gboboooooobobobobobobooboooo
goooooooooooooboobobbobbobobon
ogoboboboboboboobooobO0n Fig.300
gboboooooooboobobobobobooobooon
goboooobooobmoooomooooooobog
ooobO0oDbOD0O Fig.4000D00D0OODOODODO
gboboooooobobobobobobooboooo
gbobooooooobobobobobobooboooo
gboboooooobooboboboboboooboooo
gbooboooooooboobobobobooboooooo

gbobobobooboooboooooobobooooo
ogbobobooobooooobooooboobobooooo
gobooobooobooooo
gomoooobooboobobooboboboboboo
gboboooooboboboooooog
obmoooooboobooooboooboooboooobo
gbomooooboobooboboobobobobobann
gooo
gbomoooooooobooooooboboobobooboboDbn
ooo
gbmooobooobooboobbooooboooboboooobo
oomoooobooboobobooboboboboboo
gobooooooboobobooobooboboooonoo
gbooboooooooobogo
gooooobbobboboboooooooooooooobo
obooboboooooboobooobo

Crossing wire

Fig. 3 Winding overhang produced by insert coil
machine
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Table 2 Stator specifications

Outer diameter (mm) 260.0
Inner diameter (mm) 200.9
Core length (mm) 40.0
Number of slots 48
Wire diameter (mm) ®0.5
Number of turns 5
Winding type Lap winding
Number of poles 4

Fig. 5 Nozzles for winding of three phases

Fig. 6 Multi-hole alignment nozzle
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Fig. 8 Effect of reduction of length of winding
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Fig. 12 Space factor of winding
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Fig. 13 Method of increasing force which binds
winding overhang
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Fig. 14 Stamping process of two steps
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Fig. 15 Winding overhang after stamping process
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Fig. 16 Induction motor for hybrid vehicle
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Fig. 18 Assembly process of stator
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