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Non-oriented Electrical Steels

Having Excellent Magnetic Properties and Punchability

for High Speed Micro Motors

Masaki Kawano  Susumu Okamura  Toshiro Fujiyama

1 0000

00000000000000o0ooooOooOO00O000000O0
oooooooooooooooooooooooooooooo
oooooo #bDb) O CD-ROM OOOOOODOOOOOOOO
0oooooooooooooooooooooooooooon
000000000O0O000O0 1000000000 ooowoo
000 oA0U0O0OoOU0OOoO0OOOoUoOOoOoOoooOooooO
o0

ooooo0ooooooOoO0oobocoOooooOoOoooobooooo
0000000o0ooooooooooooooooooooon
o0ooooooooooooooooooooooooooooo
00ooo00ooooooooooooooooooooooooo
gooooooooooooooooooooo

0000o0o0oooooooooooooooOOOOO0OO0Obn
0O HDDOOOOOODOO?00000000 10000000
0000000000000 400HzO01kHz OOODOOOOOO
000oooo0o0o0oDo0o0o0oDoO0o0ooOoOooDooOO Si
00o00o0o0 oooooooo0ooooooooooooooo
ooopoooooosi0ooooooooooooooooooo
00o0o00ooooooooooooooooooooooooon
O00o0o0ooooooo*o

0000o0o0oooooooooooooooOOOOO0OOObo
00o0oo0oooooooooooooooD 20RMHFO O OO
oooogo

0000o0o0oooooooooooooooOoOoOoO0Oo0ooon
ooooopoopooooobo

2 0Oo0o0oo

oooooD woooo W) ooooo (W) ooooooo
O0o0oooooo®™

W=w,00000+W,000000
« Af/D + BDt}?/p0 ADB:0000000000---- (1)
ODD:00000p:000000+000£0000
0000000000000000 () D02000000000
00000000000 () 000000000000 Sio000
00000000 (p) 00000000000000000000
000000000000000000000000000000
00000000000090
00000000000000000 Si0000000o0on
0000000000000 000000%0000000000
00000000000000000000000 (Hvl) O 2000
00000000000000000S000000000000
000000000000%0
000000000 00000000000000000000
(1) 000000000000000000000000000
oo
(2) 000000000O000000000000000000
(Hv 1 = 200)

3 ODooooo

3.1 DOoOoOoOooooo

Table 102 00 000000000000000DOODOOO
0000000000000000 0.35mm 0 35RM210 D000
OD000000Fg 10000000000 Wy 000ODOO
00000000 035mmO JISOODO0OOD0O0D0O0O0O0O0OOO

O00DO0OD 20RMHF12000 1500 DO OOOOOOOOO
400HzO1kHz OO OO0OOOODOO0O0O0OO0ODOO0O0O0OO0O0OOOO
oooO0ooo0 3B_RM2100000000000O0 ByO
20RMHF1500 O 0.01TCO 20RMHF1200 O 0.02T 00000000
00000oooooooooooooooooooooooooon
000000000000000000000000od

00 20RMHF1200 D 0400Hz O O OO OO0 11.0W/kg O

*1 00140 501700000
*2000o0oo0o00000000000o0o0o0moOoonon

*“»000000000000000000MmOoo0o0
*J00oooooo0O0O000O0oOooomooo

0250



136

goooooOooOoooooOoooOoOoooooboobooooo

Table 1 Typical magnetic properties of RMHF series

. . Iron loss (W/kg) Flux density (T)

Grade Thickness (i) Density (g/cm’) Wio/so Wis/s0 Wio/a00 Wio B;s Bs,
20RMHF1200 0.20 7.65 0.85 2.08 11.0 41.9 1.58 1.67
20RMHFE1500 0.20 7.65 1.05 2.49 12.8 46.5 1.57 1.66
Conventional* (35RM210) 0.35 7.60 0.84 2.03 15.8 68.0 1.56 1.65

*Material with the lowest iron loss in the commercial frequency range

Table 2 Typical mechanical properties of RMHF series

Grade Thickness (mm) Yield point (N/mm?) | Tensile strength (N/mm?) | Elongation (0) Hardness, Hvl
L C L C L C
20RMHF1200 0.20 375 388 496 515 16 16 199
20RMHF1500 0.20 370 377 481 497 19 19 187
Conventional* (35RM210) 0.35 432 450 555 574 18 19 225

*Material with the lowest iron loss in the commercial frequency range
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Fig. 1 Magnetic properties and hardness of RMHF and RM series

35RM210 000 300 D000 O0O000000000000000
000000000 HlO 200000000000000000
000000000 40H01kHz 00000000000000
00000000Fe 1000000000000000000
35RM300 0 0000000000000 0 Wi 0D 7W/kg 00
00000000000000

32 0OOOOO

gobooooooooooobooooooooboooooooobog
0Al0000000000O00O000000O0DO00O000O00OO0
oo0o0oo0ooooOoooOoOoBOOODODOOOOOOOOO

4 000

20RMHF12000 20RMHF1500 O O 0000000000000
O0o0o0ooHDDOODOOODOOOOO CD-ROMOOOOOO
0o0000ooooooooooooooooooooooooon
goooooooooooooooooooooooo

00 050mm 0O 035mm 000000000 O0COOO0OOO
poooooooooooOooOoOoOOO TIGODOOOOOOO
ooooooooooooo0oo0ooD 02mm 0000000
0000000ooo0ooooooooooooooooooooon
poooooo 3ommOO0O0OOO00O0O0O0O0O0OOOODOOO

000000 Vol. 34 No. 32002

Cross section of an interlocking
lamination core

3 mm

Fig. 2 Appearance of a HDD motor core and the cross section of
an interlocking lamination core
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Table 3 Improvement in iron loss of a HHD motor core on SRA

io of iron 1
Material Dimension of HDD stator core Condition of the core Ratio of iron loss
W15/50 W5/1k
Diameter of stator core: < 30 mm As interlocked 1 (standard) 1 (standard)
20RMHF1500
Thickness of stator core: <5mm After SRA* 0.61 0.53

*Condition of stress relief annealing (SRA): 750°C X 2h in N,

Specification of interlocking lamination ring core

Diameter of ring core | Inner: ¢35 mm, Outer: ¢55 mm

Type of buttons Circle button with the diameter of 4 mm
Number of buttons 6 a lamination sheet
30 ;
[ SRA:750°C X 2hinN, L] Assheared
[ Material: 20RMHF1500 Il After SRA
25
2 | ]
~ - -4
%o 20 H
[ ]
15
10 | |
A: Ring core B: Ring core C: Ring core
with without bonded
interlocking interlocking by B coating
(Without
interlocking)

Fig. 3 Comparison of iron loss of ring cores made in three kinds
of methods before/after SRA
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