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Benefit Estimation of Soft-magnetic Pure Iron by Magnetic Field Analysis
Considering Effect of Forging Strain

Shingo KASAI + Dr. Masamichi CHIBA + Shinya MORITA - Takumi KITAYAMA
E'a‘

RIEEROBINLON—R 2= I VEHETHEXIMALTWE, BELOMEIC X ) FHEOHMA
%ﬁin%%ﬂiﬁﬂf 1, BEARBESE & X3 B BULEL TR O B WD CO, HEHEIAT SR D — DI T 5N b, 4
HoOFRBMBEA B ELCH2 ¥ ) — X%, BREUBESIME LT IR EH OB BESIM IE A DR ZUS M 2 Ho 720,
R FOBMIBWEH & LTI TE B, AETIE, SBEMT e M2 HwT, YL 24 FEL 2 RRE
ﬂ?@&inkﬁéf@ﬂ#%ELCHZ@/‘F%&L/EEﬂéWﬁm CEWE LGOI R LI L2, FoMS, R
DOEMINIFALEE 20, SRR OERIIZ ELCH2 RRBESIE WEH 0 J5 AR EM ORI L V&L kot
DTHNT %,

Abstract

The movement toward carbon neutrality is expanding as a result of heightened environmental awareness. For
soft-magnetic materials, whose usage is expected to increase as electrification progresses, the omission of the heat-
treatment step called magnetic annealing is regarded as one of the measures for reducing the amount of CO,
produced by the manufacturing process. Kobe Steel's soft-magnetic pure iron, the ELCH2 series, has magnetic
properties comparable to those of the magnetic-annealed material of low-carbon steel, even without magnetic
annealing, and is being looked to as a non-heat-treated material of low-carbon steel. Using forging analysis and
magnetic field analysis, a comparison has been made among the component characteristics when a solenoid iron
core is changed from magnetic-annealed material of low-carbon steel to as-cold-forged material of ELCH2. This
paper introduces the results indicating that the ELCH2, even if the magnetic annealing is omitted, achieves the
same electromagnetic force at low current and also achieves higher electromagnetic force at high current than
what is achieved by the magnetic-annealed material of low-carbon steel.
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Table 1 Example of chemical composition

Priority Steel grade C Si Mn P S
Magnetic properties ELCH2 0.005 0.004 0.25 0.009 0.008
Machinability ELCH2S 0.005 | 0.004 0.26 0.010 | 0.025
JIS SUY =0.03 | =0.2 =05 | =0.03 | =0.03
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Fig.2 Carbon content dependence of magnetic properties”
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Table 2 Example of magnetic properties

Steel Magnetic flux density (T He
100 A/m | 500 A/m |1,000 A/m[4,000 A/m| (A/m)

ELCH2 1.22 1.58 1.64 1.82 45

Magnetic ar led | ELCH2S 1.09 1.53 1.59 1.80 56
S10C 0.45 1.40 1.54 1.74 86

Non ar o ELCH2 0.32 1.32 1.54 1.76 96
ELCH2S 0.23 1.29 1.54 1.76 105

JIS SUY-0 0.90 1.35 1.45 1.60 =60
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Fig.8 Temperature dependence of coercive force
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Table 3 Examples of magnetic properties of ELCH2 applied work strain by cold upsetting

Steel Upset rate Magnetic flux density (T) He
100 A/m| 500 A/m | 800 A/m |5,000 A/m| (A/m)

0% 0.39 1.24 1.45 1.79 91

ELCH2 20% 0.04 0.80 1.03 1.74 178

non magnetic annealed 40% 0.03 0.71 1.01 1.74 218

60% 0.02 0.61 0.96 1.73 228
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Fig.10 Shape of iron core after cold upsetting process
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L7238 O8O o BRE ) & BT L TR L 7z. AT
1, @il BRO#EENT % FORGE T, O3 A5 A5
Ty 2N, @QUFAGMT— 5 & IMAGIZZITE

L, S OMAEEY 0T A5 M2 SR CllE T —
& X0 R, QR FRO BRI 2 JMAG TITw, &
WHEWT, OFMETERL7z. 24 VEROS AME
RO EE 2 >y — M2 BE12, B OMITHELY
E1312R"F,

ELCH2O O §FAEBAHTED 2> ¥ —XE KT 5 &,
ZIEA Y OB SRR IIZEPF L T0D, T
BEMTOOT AR E WHIETSOBESFEDKT L7z
72D THY, MAFRERIC X 2 BAEMS DT HICER)
EEFSETC05, OFTAEETHSH I L1E, ELCH2
ESIOCOVTAMELELOa Y ¥ -2 EETH S S
LB bbb, BHEIFENIOKEDNS, HEBFILT
FOTHDOEMZD DD 5T ELCH2 D B H3S10C & ) K
ERBBWHIVHELNTVD, T, BEAMOBKEE
FEIZELCH2D FHMENT WS (£2) 720ThHb, O
FTAREEE LN 2179 & THUZIL D FE N A )
D, MICHAZDTLEOHBMEEMT HHHELTE S
EHS, HESEM L 72 ELCH28E N T B wT
S10CHES i & M OME %2155 2 L IEWREE X b b,

ARAER 5, SI0CEIHIIN T 5 (A bEsid ) %
ELCH2 D85 T (EBEsize L) ICET T 5 2 & T,

Solenoid

ELCH2 (non-strain) ELCH2 (strain)
R12 VL 2 A FEbiH T OREIUE LA Bl
Fig.12 Magnetic flux density distribution in solenoid components

$10C (non-strain)

N
2 8
o

B

8

—e—ELCH2 (non-strain)
/ - & —ELCH2 (strain)
—1 -510C (non-strain)

g

Electromagnetic force (N)
=
%3]
©

o &
=

0.0 0.5 1.0 15 2.0 2.5
Current (A)

13 BRI IHT S R
Fig.13 Estimated magnetic force by FEM analysis

WA MR L Lo £, YA S HasIc TRAEE
T5Z LXK BME D ol b, BABESIEIEIC X S
AR B X T AV F— RO 2 RS L8
T&7

JlEki s, WETELZRL-HmEREORKER4
FEPEI LA HMT AL, V) a—Ya v ofRtEE
fFHIZET, H—FRry=a—FINVOEBICERL T,

TV = Lt OMEREEM L ELCH2 ¥ ) — XD F¢E
IR A E L BT, BALEL (RALBEST S X OVREAEST)
B AR Y ) Eo=— 212k LT, KREROY)
HIM T8 (RBESEH ) % ELCH2 o#asE I Lin (%
KBS L) WCEAETEL WM AR Lz 5% D, i
D EGE TR F CHAAAZRESGE 2V ) 22— 3
VELTIRZEL, /—FKRr=a—bIVOERLEDR
BRI EBRL T <,

Z 2 X ®
1) GRS, H B A G Q% &k (55 1 1) BB 2018,

2)  HHEZI3AH. R&DHT #8153 2015, Vol.65, No.2, p.6-11.

3)  THEBGE. ¥k, 2015, Vol64, No.2, p24-27.

4)  TIEBGEIE . R&DMT R 2005, Vol55, No2, p.18-21.

5)  WAKE— REA & BRL JEIT IR, 1988, p.72.

6)  FBEERIEA. HASE 4. 1982, Vol.21, No.8, p.589-596.
7)  BERHBUFNEE S BRFEAME 1954, Vol74, No.790, p.822-

830.
8) NEDO. TSC Foresight. 2020, Vol.101.

6 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 71 No. 2 (Jul. 2022)



