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Relationship between the Time Constant and Slot Width of a Moving-Magnet-Type Linear Dc Motor
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The electrical and mechanical time constants of a moving-mag-
net-type linear dc motor (LDM) are required to have small values
s0 as to realize a high-speed response LDM. This paper describes
the relationship between the time constant and slot width of a
moving-magnet-type LDM . The following results were obtained:
(1) The measured electrical and mechanical time constants were
10.5 ms and 1.6 ms, respectively. The calculated values of the
electrical time constant obtained by the permeance method and
the FEM were 13.4 ms and 10.2 ms, respectively. The calculated
values of the mechanical time constant obtained by the permeance
method and the FEM were 1.4 ms and 1.5 ms, respectively.

(2) When the slot width was changed from 3 mm to 8§ mm, the
electrical time constant decreased by 30.9% and the mechanical
time constant became increased by 6.9 %. Changing the slot width

improved the response time by 5 ms.

Key words : moving-magnet-type linear dc motor, time con-
stant, step response, slot width
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Fig. 1 Basic structure of the LDM (unit : mm).
Table 1 Principal specifications of the LDM.
Item Symbol Value [Unit]
Number of poles r 4 poles
Pole pitch T 24  [mm]
Thickness of magnet hy, 3 [mm]
Width of magnet w 19.2 [mm]
P . Nd-Fe-B alloy
ermanent | _ gy . .
Mover Materials magnet HC 1 903 [kA/m], B, : 1.17[T]
( BH )pax 1 263 [kJ/m?]
Rod Low carbon steel (S10C)
Rated stroke L, £7.5 [mm]
Mass m 1.097 [kg]
Number of slots N, 4 slots
Number of turns per slot | 7 156 turns
Stator | Slot pitch T 24 [mm]
Slot width K 3 [mm]
Material Low carbon steel (S10C)
Length of air gap S 0.5 [mm]
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(a) Permeance in the LDM

(b) Permeance in the slot of the LDM
Fig. 2 Permeance Py (n = 1-9) in the LDM for calculating
the inductance L of the coil (unit : mm).
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Fig. 3 Magnetic equivalent circuit for calculating the
inductance of the LDM.
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Fig. 4 Step response of the LDM (x = 0 mm).

Table 2 Dependence of the permeance P, on the slot
width s in each area of the LDM (x =0mmat s =3 and 6

mm).

s=3 mm s =8 mm
Permeance, P, Calculated |Percentage | Calculated value
value [pH] % [pH])
P, 0.17 7.0 ] 0.06 (-64.7%)
P, 0.05 2.0 ] 0.05
Py 0.05 2.0 | 0.05
P, 0.13 5.6 ]| 0.07 (-46.2%)
Ps 0.09 3.8 | 0.08 (-11.1%)
P 0.83 35.2 | 0.63 (-24.1%)
P, 0.89 37.7 | 0.79 (-11.2%)
Py 0.08 3.4 | 0.08
P, 0.08 3.2 | 0.08
P~ Py 2.37 100.0 | 1.88 (-20.7%)
14 ; : : -
. {7, : Calculated

[ms]

Mechanical time constant 7,
Electrical time constant 7T,

Slot width s [mm]
Fig. 5 Calculated results of the electrical and mechanical

time constants 7, and T, vs. the slot width s.
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Fig. 6 Block diagram of the LDM.
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Fig. 7 Step response of the LDM (step voltage : 10 V).

1683

NI | -El ectronic Library Service



The Magnetics Society of Japan

HEFEMA AL BNAERA P — 7 T bx=75mm
\ET 5 F CORMIEERES8.9 msixf L CRIEESS.0 ms
THYVRELISD & o7z, BRRUENMIIB T AR HERE
&, ATRETIHBER, WHRETOT17 > b (Fig 83
M) BZREREELTWLRWIDTHLEEZOND,

EoCAT Y MREOEs 2 BILSE1ZBEDRT v TIDE
OELEEE L. Fg 70U ATy FREMEs 2 2L s
IBEDATy T E R L. BEOTETHSs=3mn
B sE8mmIZKE T ETAHFOILEIEL Ho>T»
HIERRLTWS., EAMNO—=2775mmIGETAHET
OO EHEIZs =3 mmT55.1 ms TH LD L Ts=4,
6, 8mm Tl 53.0, 51.5, 505ms &% o 7.

O :FEM
----- : Permeance method
——— : Measured
600 ; ; ! 3 ;
Magnetomotive force NI = 1200 A
500 prsssgmmssgmnne Fo R sonsmsEenns
Z 400
I,
., 300
g
£ 200
9
s 100 :
2 |
) N
U Y0 J) MRS RS SO b
200 | | l i
7.5 5.0 25 0 25 50 75
Displacement x [mm}
(a) Measured and calculated values (s = 3 mm)
—O— : 5 =4 mm (FEM)
—@— :s5=6 mm (FEM)
600 ; 1 I ; s
Magnetomotive force NI = 1200 Al
500 . ‘ ; A :
£ 4004
x,
_ 300 7
g ?
£ 200
RS
g 100
v &
0
-100 |

-200
-7.5 5.0

-2.5 0 25 50 7.5
Displacement x [mm]

(b) Calculated value (s = 4 and 6 mm)

Fig. 8 Static thrust F vs. exciting current / characteristics of
the LDM (x = 0 mm).
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