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DC-Bias Characteristics of Magnetic Materials for a Linear DC Motor
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This paper describes the dc-bias characteristics of five
magnetic materials used in a linear dc motor (LDM): three
block materials—carbon steel (S45C), pure iron (SUYBI1)
and cast iron (FCD450), and two laminated materials—
non-oriented silicon steel sheets (35H440) and oriented sili-
con steel sheets (23ZH100). The following conclusions are
reached: (1) When the dc bias Hy is in the range from 1 to 5
kA/m, the electrical time constant 7. of the five magnetic
materials decreases. (2) In the same range, the incremental
resistance AR of the block materials decreases, while AR of
the laminated materials tends to increase. (3) 23ZH100 has
the lowest values of 7. and AR among the five magnetic
materials.
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Fig. 1 Structure of the LDM (LDM-35) (unit: mm).
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Fig. 2 Frequency dependence of the inductance L,
resistance R, and electrical time constant 7. of LDM-
35 (current, I=1[A]).
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Table 1 Principal specifications of three magnetic

materials
Item Magnetic material
Designation S45C SUYB1 FCD450
Material Carbon steel | Pureiron Cast iron
H(e;léstl‘;era;qrg()tnt No Yes No
Flux density* [T] 1.57 1.80 1.31
Resistivity [ -m] 0.15 0.1 0.54—1.14

*The magnetic field strength Hm is 5 [kA/m].

Table 2 Principal specifications of the laminated
magnetic materials

Space factor [Resistivity |Flux density *

Designation| Material % [1Q m] [T]
Non-oriented
35H440 silicon steel 95.0 0.39 1.70
23zH10p |[Orain-oriented| o 5 0.50 1.99
silicon steel

*The magnetic field strength Hm is 5 [kA/m].
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Fig. 3 Method for measuring the inductance and
resistance.
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Fig. 4 Frequency dependence of the inductance L of
the five magnetic materials (H,.=0.5 [KA/m]).
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Fig. 6 Frequency dependence of the electrical time

<, LDM & » THRBLEMBTH S LB, LIS 57 constant 7. of the five magnetic materials (H,.=0.5
B3, f=50[Hz), Hie=5[kA/m]ic B % 23ZH100 ® T, & [kA/m)).
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Fig. 7 Characteristics of the electrical time constant
T. versus the incremental resistance AR.
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