L a7 HFRTCEWES AR v FEFTHE—X AT ORNTOY 73

BFE AR Y ST

20114429

%k

By
s

e

sH AEY

= bEécl)

Analysis for Equivalent Young’s Modulus of the Motor Core with Slit on the Spiral Accumulating Core System

Nao-Aki Noda Yasushi Takase

Hisataka Takada Biao Zhang

The motor core is usually manufactured from magnetic steel sheet with press machine. However, usually most parts of the plate are
scalped, and only about 16% of the sheet is used for the core. The spiral accumulating core system is suitable for manufacturing the core more
ecologically because in this system more than 50% of the magnet steel sheet can be used. In this study, a unit cell model is assumed considering

periodic character of the actual core under plane strain condition in the z direction. Using this simple model, the effects of the diameter and

width of the core are discussed. Also, the effects of the numbers of the slit and embossing interlocking are analyzed. It is found that around the

slits the core should be considered as zero elastic modulus because no tangential stress exists. Also, a simple evaluation method is proposed to

estimate the effective elastic modulus by applying the rule of mixture to the simple model.
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(a) Spiral core (b) Conventional layered core
Fig.8 Diagrammatic illustration of rotor core
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Fig.9 Real core A and simple core D
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Table 1 Effect of total number of embossing interlocking #2s on  E *

Number of Embossing |Effective Young’s modulus E *
interlocking 7s [GPal
s =3 120
s =2 118
s =1 92.9
Table 2 Effective Young’s modulus E* to three layers core
Effective Young’s
Model modulus [GPal
Real core A 120
Simple core B 136
Simple core C 143
Simple core D 156

579



BEATHNCHEEESNBEA) Y MEBFTHE—F ITORMPTIOY ¥ &5k
44 TEETMIRBTBZAY v M LOERDRE a, T 5. Filo, —AICRBTEAY v MEE Ny & EET 5.
AV MEICERET 50 LDEHMOEEE TR 5 - DIZ ng =1~b, Ns=6 & L7zBROTF % Er U425, & 12
10 DL DS BT Ve UIET 5. SRIZBEF AR (Cn,=2, ADFTNETT. JBITRER, 72 LOES o, O
L, "BELTBEOXY v hORIZHRIT 55 Lo OESE R4 BBICTT. ZBEFATIERY v MO Ld(E
Bz A A5 3D LIzBE 0. 7% & 25k Lo 7-78, 3

Table 3 Effect of number of layers on E *
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Fig.12 Effectofnson E* (a) n,=2(b) n,=4

Table 4 Effectof #ns on E*

Number of embossing Effective Young’s modulus
interlocking ns E* [GPal
Fig.11 Effect of number of layers on E * ns=1 1225
() Modeling of core accumulated, (b) Two layers model, ns=2 138.3
(c) Three layers model, (d) Four layers model n5=3 144.0
ns=4 145.0
ns=>5 144.0
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Fig.15 Effect of number of slit Ns on E *

Table 5 Effect of number of slit Ns on E *
(Vs : Effect of number of slit of one layer)

Effective Young’s modulus E*[GPal
Ne | D=142[mm] | D=142[mm] | D284 [rmm]
t=16[mm] t=82[mm] t=16[mm]
12 106 85.6 115
6 138 120 148
3 163 149 172
2 176 163 182
1 187 178 192

Table 6 Effect of number of slit s on E *
( Ns : Effect of number of slit of one layer)

Effective Young’s modulus £*[GPa]
D=142[mm] | D=142[mm] | D=284[mml]
t=32 [mm] =16 [mm] t=16 [mm]
FEM | ROM | FEM | ROM | FEM | ROM

12 85.6 | 90.4 | 106 113 115 128
120 126 138 146 148 158
149 157 163 171 172 179
163 170 176 181 182 187
178 186 187 193 192 196

Ns

o W o

Table 7 Effective Young’s modulus E* of block? in Fig.17
(E*,,, =103GPa)

Effective Young’s modulus E*[GPa]
Ne | D=1420mm] | D-142(mm] | D=284 [mm]
t=16[mm] t=32[mm] t=16[mm]
12 95.8 97.0 92.1
6 95.1 96.1 94.0
3 93.6 92.7 93.8
2 94.3 91.3 93.8
1 84.2 85.6 93.7
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Fig.17 Unit cell of two layer’s model
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(c) Approximation method
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(b) I 2 m— e — I V=66% in Eq.(3)

Fig.18 (a) Positions of slits in simple core B, (b) Approximation method
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Slit of 1st layer
Slit of 3rd layer
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_U\\i’E\\\\ Ep =143 [GPal

Core width : t

Fig.19 Difference between real core A and simple core B
(a) Real core model A, (b) Simple core model B
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