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Considerations on Motor Constant of Two Linear DC Motors Which Made of Different Materials
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A motor constant K_ is generally used as one of the figures of merit in a linear motor. An evaluation of only

motor constant X is not sufficient because copper loss and iron loss occur in the drive of Linear DC Motor (LDM).
The iron loss of the LDM also depends on the magnetic characteristics of the yoke material. This paper describes the
comparison of the motor constant K between two LDMs made of non-laminate material (1% silicon steel) and
laminated material (35H250). Maximum values of motor constant considering iron loss K°_ at S0Hz of two LDMs are

2.8and 3.4 N/+/W respectively. K, and K*_depend on the yoke materials.
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Fig. 2 Initial magnetization curve having a minor loop in

the yoke.
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Fig. 1 Basic structure of a moving-coil-type LDM (unit is mm).
Table 1 Specifications of two LDMs.
Item Symbol Value (Unit)
Yoke Size hyXwyXd, | 38X100X45 (mm)
Thickness ty 11 (mm)
Volume 4 11484  (cm)
1% silicon steel
Non-laminate gmthqut heat treatment)
. lectric conductivity
dmaterial | of yoke o= 3.84 X 10°
Material 3;:;;3
Laminated | Electric conductivity
material of yoke o=1.74 < 10°
(S/m)
Stroke IA 20 (mm)
Lenoth of ) 1 (mm)
ength of gap 5 4 (mm)
:f;gl%?em Thickness tn 51 7 9 (mm)
Width Win 58 (mm)
Material Nd-Fe-B
Residual
magnetic fhx| B, 1.21 (T)
dcensity
oercive
foroe H, 915 (kA/m)
Maximum 290 KkJ/m®
energy (BH)mex ()
product (38 MGOe)
Coil Thickness A 6 I 4 I 2 (mm)
Width We 38 (mm)
Number of}
tumns 5801387 (193 (tumn)
Diameter d 0.5 (mm)
Material copper
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Fig. 3 Magnetic flux density distribution in the LDM with
yoke made of non-laminated material (1% silicon steel,
calculated by FEM, x = 0 mm, exciting current / = 0 A,
thickness of a permanent magnet £y, = 7 mm).
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Fig. 4 Arrangement of the seach coils.

Fig. M2 & <Y aA VO EE R LTz, FIRISR Lz
218, BEIZHh-oTEY af VEENThx=0,
39, 50, 66, 77 mmOALEIZALE L7, FEM2>53R0
7o 83— 7 OWHEEONEEIL S — 7 OFERITHE L7z
EO a N (Srpn RV CREEE Z01E L7 E
DOFEEE—F LT=[1], L7=d3> T, RS TIIFEM
DHIRO T T — 7 OREHEE ONE & B A T A
B L EET D,

Fig.5 {2 LDM O = — 7 OREHEE - KA DR X
BeteZRm LTz, 28— 37 ZETIERG) 2 AW TER
SAT A B BB Uz, RRNCAR L X 9 ICE AN
AT AVIKAREAR DR SIZEFI L TW5D, Fig. 6 I
LDM OHENES, 24 VOEHS LT OX v v FEHD
REFIRE — EF A T AR 2R U, AFRSCTIHEsEE
FAMAEBE LT, MADRIEEZDHZ & THIR A
T AR EETND, Fiz, KABEOEIZT LI
B EHRE L TN EIT 72, 23— 7 RAETIERX
QR EQBLOE®)ZANTRD T, FAKNZR L7z L 212
LDM DFRRFHEIRERE A 7 RITRFE L TV,

-
4]

Calculated by FEM

- Measured =

DC bias Bac (T)

Calculatc::d by pcnncé.nce method

-5 3 6 9 12

Thickness of parmanent magnet, fm (mm)

Fig. 5 DC bias vs. thickness of permanent magnet

characteristics of the LDM.
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Fig. 6 Thrust constant vs. dc bias characteristics of the
LDM (calculated by permeance method and FEM).
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Fig. 8 Iron loss and copper loss vs. dc bias characteristics of

the LDM with yoke made of non-laminated material
(1% silicon steel, thrust =5 N).
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Fig. 9
of the LDM with yoke made of laminated material
(35H250, thrust F=5N).

Iron loss and copper loss vs. dc bias characteristics
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Fig. 10 Two motor constants vs. dc bias characteristics
of the LDM with made of laminated material
(35H250, thrust =5 N).
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Fig. 11
of the LDM with made of non — laminated material
(1% silicon steel, thrust /'=5 N).

Two motor constants vs. dc bias characteristics
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Table 2 Basic characteristics of two LDMs.

Item Symbol | Value (Unit)
Thickness of permanent magnet 'm S 7 9 (mm)
DC bias B, 08| 1.1 14 (D
Number of turns of coil N 580 [387 193 (turns)
Resistance of coil R 8.5 5.4 2.6 Q)
Thrust constant K¢ 8.1 8 51 (N/A)
Motor constant K 2.8 3.5 32 (N/ \/W)
Non-laminated Measured 12| 2.2 2.9
Material Frequency /=30 Hz
(1% silicon steel) Motor constant considering Calculated Ko, 121 20 2.9 (N/ W )
iron loss - sop, |Measured 11| 18 | 28
reauency /= S0z eutated 1| 17 | 27
Thrust constant Ky 9.1 8.8 5.5 (N/A)
Motor constant Kn 3.2 38 3.4 N/ Jw )
Laminated Material Frequency /= 30 Hz Measured 26| 3.6 33
(35H250) Motor constant considering Calculated K 2.5 3.5 32 (N/ YW )
iron loss Froquonoy f= S0 Hz | M1e%sured " 22| 34 | 33
Calculated 2.1 33 3.2
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