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Soft Magnetic Iron Wire Rod and Sheet: Estimation of Their Benefit for
Electromagnetic Components
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Abstract

Electrification and decarbonization in the automotive field are raising the demand for higher-performance
electromagnetic components. The pure iron-based soft magnetic wire rod (ELCH2 series), which features
high magnetic flux density and cold forgeability, is a newly developed material that has contributed to the
downsizing of electromagnetic components and energy saving. Furthermore, development is underway on
pure iron-based soft magnetic wire rod (ELAC series) with improved responsiveness and alternating current
properties to meet diversifying demands. An electromagnetic pure iron steel sheet (KELMOS) is also being
developed. This paper introduces the magnetic properties and processability of pure iron-based soft magnetic
materials. Also introduced are the results of the magnetic field analysis of electromagnetic relay components,
which confirm that the magnetic force and responsiveness have been improved by using pure iron-based soft
magnetic material and electromagnetic pure steel sheets instead of typical low-carbon steel in electromagnetic
components.
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Fig.2 Flow stress of steels at room temperature
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Table 1 Characteristics and example of chemical composition of steels

. Elements (mass%)

Characteristic Steel -
C Si Mn P S

Magnetic properties | by s | 0005 0.004 0.25 0.009 0.008
and forgeability
Cutting workability ELCH2S | 0.005 0.004 0.26 0.010 0.025
Responsivity ELAC20 | 0.006 Added a little 0.27 0.005 0.005
and energy efticiency
for AC use ELAC30 |0.008 Added 0.26 0.005 0.005
Conventional steel S10C 0.08/0.13 0.15/0.35 0.30/0.60 |<0.030 <0.035
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Table 2 Example of magnetic properties and electrical resistivity of steels

Magnetic flux density (T) Coercive Ele.ctrlc?al
Steel force (A/m) resistivity
BI B5 BI0 B50 (uQem)

ELCH2 1.35 1.60 1.65 1.90 37 12
ELCH2S 1.33 1.46 1.64 1.89 47 12
ELAC20 1.46 1.57 1.62 1.80 35 22
ELAC30 1.40 1.51 1.55 1.72 31 30
S10C 0.45 1.40 1.54 1.74 86 16
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Fig.3 Example of magnetization curves of steels
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Fig.4 Example of coercive force of steels
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Table 3 Example of chemical composition of KELMOS

Elements (mass%)

Steel
C Si

Mn P S

KELMOS <0.02 <0.03

0.20/0.30 <0.030 <0.030

JIS SUY-0 <0.030 <0.20

<0.50 <0.030 <0.030
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Table 4 Example of mechanical properties of steels

Steel YS (MPa)

TS (MPa)

Elongation Hardness
(%) (HV)

KELMOS

236

332

44 98

SPCC #1

215

340

42 103

SPCC #2

262

350

41 109
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Fig.7 Calculation model of electromagnetic relay for electromagnetic
field analysis
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Table 5 Estimated torque and response time of electromagnetic relay

Maximum torque Response time (ms)
Core Armature York

(mN*m) ON
Case 1 S10C SPCC SPCC 90.7 5.094
Case 2 ELCH2 SPCC SPCC 98.1 (+8.1%) 5.088 (—0.1%)
Case 3 ELCH2 KELMOS | KELMOS [ 101.9 (+12.4%) 5.088 (—0.1%)
Case 4 ELAC20 SPCC SPCC 95.8 (+5.6%) 4.998 (—1.9%)
Case 5 ELAC20 KELMOS | KELMOS | 99.3 (+9.5%) 5.000 (—1.8%)

Armature and yoke: SPCC

Current density
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Fig.8 Eddy current distribution in electromagnetic relays
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