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Considerations on Hysteresis Loss in a Linear Dc Motor
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This paper presents a method for calculating the hysteresis loss in a

linear dc motor (LDM). The main findings are as follows: (1) under dc

bias magnetization, the hysteresis loss of the toroidal pure-iron core
increases; (2) under the influence of the dc bias magnetization, the
approximate relationship between the hysteresis loss and the
maximum magnetic flux density changes from an exponential function
to a polynomial one; and (3) the hysteresis loss of the LDM can be
calculated from the measured values of the hysteresis loss of the
toroidal pure-iron core under dc bias magnetizétion, and the error of
the calculated results is 20.7%. ‘
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Fig. 1 General structure of the linear dc motor (LDM).
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Fig.2 Minor loop in the LDM.

Table 1 Specifications of the LDM.

Item Symbol Value  [unit]
Stroke s 20 [mm]
Number of turns N 400 [turns]

Nd-Fe-B (NEOMAX-38H)

Permanent magnet H = ~915 [kA/m], B,=121[T]

(BH),, =287  [kl/m]
Material for yoke Pure iron (SUY)
Volume of yoke 2175 . [cm3]
Volume of LDM 2724 [cm3]

BT BEHEEAIL 156 %& ho7z. ZOBEEDFRRIZT
KIC FEM EHECIRTEBI T2 B0 3 720138 5T b (&
FI—D 4 DEEEBTE VI Y, BIOKABOY ]
OOMNEE LTHE LD ThHEEEL LN,

FEM EMEIC LY, AAFERC & 53— 7 ORRBEN S
BME O Z L)% odz, $RiET A LDM O AT 1) Y AR
DEHEEET B72012, F— 7 OFREEOTHE B, *
UTo Xkl 9, £40&Y a4 Ve NTn5S
MEFIET AMHOMERE 2RO, RiZ, F2hasn
TOMEEEIEFY L7 SHEERE, kAL 53
— 7 OFERBEDOYEIL B, = 1 T Th ol ol s bisko
R LI OR L 72 & 9 IREROFR S 270 Am 2B\ T By,
=1 THELNE Fg 58, £2C, vAFIV—7TO8fEA
IR LR B TEIET 5 & OIREICE DV, I —2 1k
BALTWAERNSA T A Hy % 270 Am L8 L7
2.3 M NDOTRICL > TRETIRENT

DA NDOBEFN L o TRET DS AOPENL, LDM O
ABF2EMx = 0 mm R L T, </ VIERRLC
BEXEDTAHIETITo WERHTEZLE—F, B
JEWEL f=50 Hz, BEDERE V=55V & L7z BEREED
HO—B% Fig. 3 R L7z T4 VOERIC & HMHEE,
A F = HF—FREE Y IAN No. 1), FTHA

FE—ZMNo. 5), TW%I—rMNo. 6)&%o7z. BbKRELT
WREIEA v F 3= No. DD 01T Th -7

1686

[T]

Flux density B;

Time ¢ [ms]

Fig.3 Distribution of the flux density due to the current

( nos. 1-5 represent search coils).
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Thickness h: 8[mm]

Fig.4 Specification and principle of measurement

for the toroidal pure-iron core.
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Fig.5 Comparison of the major and minor loops

of the toroidal pure-iron core .
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Table 2 Hysteresis loss W, of each loop.

Major | Minor (1) | Minor (2)
Hysteresis loss 657.5 9.6 23.9
W, [/m3] 100% 1.5% 3.6%
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Fig.6 Hysteresis loss dependence of the exciting magnetic

flux density on the toroidal pure-iron core.
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Fig.7 Measured results of the iron loss dependence
on the frequency.
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Fig.8 Prediction of the hysteresis and eddy current loss

from the measured iron loss.
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