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Soft Magnetic Iron for High Performance Electromagnetic Parts
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Recently, the demand for a soft magnetic steel, which can generate a large electromagnetic force with low
electric power, has increased in the growing area of electronically controlled parts for automobiles. A new,
very low carbon steel has been developed that has excellent DC electromagnetic properties, is well suited to

FEATURE : Progress of Technology in 100-year History of Kobe Steel

cold forging and is highly machineable. In this paper, the advantages of this new soft magnetic steel are

described.
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Fig. 1 Example of solenoid structure
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Fig. 2 Comparison of hysteresis curve
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Fig. 3 Relation between S content and width of flank wear
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Fig. 4 S content dependence of coersive force
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Photo 1 Comparison of microstructure

ooooooomMn/sOO000000000
30gboo0o0booobo

Obi10000000000000000 eLcH2sO0O
0000000000 ELCcH2O SWRCH1I0AO OO OO
ooobooooooboooobDbodbe20mmOnOn
oooobooooobooooooboooooboooooboboooo
ooooooooooooobooo

snooooo
ooobooooooooooboooooboobooooboboooo
goooJsoodsca24dnoooooooogoo
gooboooobooooooooooBHS4000000
goobooooboooooooooooooobooooo
cooboboooboooooooooooOooobooooo
cbOoooooobobOOoooobOooobOooooon
cooboboooooooooOoooooOooOoobooOooo
Oo0O0OOCOOOOOD2000 250 A/m0d secd
3000000
coobooooobooooooooooOooooobooooo
OoooooJaszz2200000 14A000000000
oooood

sBOOOOOOOOOODO
ooboboooobooooooboooooboobooooboooo

0100000000
Table 1 Chemical composition of steels used in this study
(massO)

Steel C Si Mn P S
ELCH2S 0.005 0.004 0.26 0.010 0.025
ELCH2 0.005 0.004 0.25 0.009 0.008

SWRCH10A 0.10 0.04 0.45 0.014 0.009
JIS SUY max. 0.03 | max. 0.20 | max. 0.50 | max. 0.03 | max. 0.03
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Fig. 5 Magnetic field dependence of magnetic flux density
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Photo 2 Microstructure of developed steel after magnetic annealing
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Table 2 Magnetic properties of ELCH2 series (Magnetic annealed)

Magnetic field density (T) Coersive
Steel force
B100 | B200 | B300 | B500 | B100O | B4000 | (A/m)

ELCH2S | 0.90 1.24 1.47 1.54 1.64 1.80 55.7

ELCH2 0.92 1.30 1.50 1.60 1.65 1.81 452

SUY-1 0060|0110|0120| 0130|0145 |01.60 0 80

SUY-0 0090 |0115|0125|0135|01.45|01.60 0 60

03 ELCH2000000000D0
Table 3 Mechanical properties of ELCH2 series

Tensile Young Elongation Reductin
Steel strength modulus area
(MPa) (GPa) @) @)
ELCH2S 306 209 36.7 92.8
ELCH2 305 208 38.1 90.1
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Fig. 6 Critical upset rate
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Table 4 Conditions for drilling test
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Table 5 Conditions for turning test

Tool

Carbide AC200 (Sumitomo Electric)

Cutting speed

80, 150, 260, 350, 700m/min

Feed rate

0.15mm/rev

Drill
Tool SKH straight drill 1/
Sample
Cutting speed 30m/min P 1 .
WI—[ Height
Feed rate 0.20mm/rev i of burr
Coolant Dry Testing method
ELCH2 ELCH2S
[ g e (! 1
- - —l | i § .-F"
o . 2 kg
y i = LY t - i - 1'--
Chip . il g R e - . ™
: - f i # L =
j “ - \""_- "I ."FH N, -
== 20mm 20mm
L" S — L . R W
Height 4.11mm 0.94mm
of burr
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Photo 3 Comparison of chip and height of burr

00000000o0oo0oo000000000000000
goooog
4000000
gooooooo
0040000000000000000000000
000000000 3000000000000000
00000o000oooo0oo0o00000o0oonoooon
0000000000000 0000 MASOO0O0O0O
0000000o0oooooooooooooooooo
goooooo
goooooo
005000000000000000 ELCH2SO00O
00000000o0ooooooooD 7000000
gooosoomOOO000000000DDO000ODoOo
0000000000000 0000 8m/mind O
700m/min0 000000000000 0.117mm O 0
0.038mmO0 1/300000000000000 250m/
mnOdO0000000000000000000000
0000000000000250m/mn0000000
00000000oo0oo000000000000000
00000000oo0oo000000000000ooo
ooo
id0000000000000o00ooooooooon
goooooo
id0000000000000oo0oooooooooon
gooooooooooo
oooooooo®™™
00007000000 260m/min0 0000 ELCH20
000000000000000000000000
000000000 000000 1200000000
0000000000oooooooooo

50000

oooooEeLcH2SO0 00 0000000000000
coooboooobobooobooooooooooboooon

Depth of cut 0.2mm
Coolant Water-solube
0.15[ 7 T T T T T T T T T T T
£ - ]
E [ A ]
- i OELCH2 1
s o010 \ il
e roo o ®ELCH2S ]
L \ ]
4
s [ ¢ ]
= r \\ d
G 0.05[ B
p= + . o
_'9 r -
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

O'000 100 200 300 400 500 600 700 800
Cutting speed (m/min)

07 0000000000O0O0OO
Fig. 7 Relation between cutting speed and width of flank wear
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