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Active seat for ultra-compact mobility with voice coil motor (Fundamental
consideration on design method of motors considering control of vibration)
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Ultra-compact mobility is leveraged to streamline transportation. This mobility makes it easy to drive vehicles on
narrow roads because it makes them light in weight. However, there is a possibility that ride comfort is degraded
because ultra-compact mobility often means that equipment must be made simple so that it can be miniaturized. To
improve ride comfort against vertical vibration, we previously proposed an active seat suspension mounted on the seat
section of a vehicle. This active suspension makes it possible to control vibration actively by means of a voice coil motor.
We examined the reduction in vibration with the suspension when entering rough roads and developed a practical
control method. Motor characteristics, e.g. motor stroke, thrust variability, and voltage capacity, are important factors
for reducing vibration. In particular, ride comfort is affected when going over bumps. Therefore, in this paper, the voice
coil motor was evaluated by using electromagnetic field analysis. Moreover, the efficiency of vibration control was
investigated in a simulation in which voltage capacity and nonlinearity of thrust were considered.
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Fig. 3 Model of active seat suspension.

A, QzEHL, WEHIFEAIT D LD L 512725,

y.=Ay +Byv 3)
=771,
vo=ly v il
0 1 0
c K
A§= - __—_ =
’ m m m
K R
0 -=- _Z=
L L L
1 T
B:[o 0 _}
L
Thob.
3.2 HIEERR

KETIIT 7T 4 T o— MR g A il
> THREBh A RIE 5 & A0E L OEBIT 21T >7-. LU Tl
BRI AAT 5 2 & 0 O EEIRRSRTEEER C DU GRS, g
TIEERRL R 2 YIAHIRHL 4 A ) &3 HHEERE v %
KD, BRRAT LA R LD,

v, =—Fy, @)

1 =Yl er ] ®

q 0 0

0,=10 ¢, 0 ©)
0 0 g,

E=[fi £ f] )

Transaction of the Magnetics Society of Japan (Special Issues) Vol.3, No.2, 2019 121



Movable part

M agnet

»|

Yoke

»l
20 mm

245 mm

216 mm
14 mm
=N
v

23.5 mm

23 mm

[ ™
:B.S mm

‘49.5 mm

105.5 mm

134.5 mm

<

Fig. 4 Model of voice coil motor.
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Fig. 5 Equivalent circuit structure of voice coil motor.
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Table 1 Specifications of voice coil motor.

Permanent magnet (PM) NEOMAX-46BH
Number of PMs 4
Remanence of PM 1.2T
Stroke 60 mm
Number of coils 2
Gap 3 mm
Material of yoke SS400

Table 2 Specifications of voice coil motor for each coil
wire diameter.

Wire diameter Inductance Resistance
d [mm] L[H] R[]
0.2 29.87 1744
0.4 1.905 108.8
0.6 0.3450 19.82
0.8 0.1150 6.460
1.0 0.0465 2.640
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Fig. 6 Effect of drive part displacement on thrust.
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Fig. 7 Magnetic flux density of VCM (d= 0.6 mm).
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Fig. 8 Settling time for each weight coefficient i and ra.
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Fig. 9 Time history of acceleration (d= 0.6 mm).

Table 3 Allowable current of each wire diameter.

Wire diameter d [mml] Allowable current [A]
0.2 0.31
0.4 1.26
0.6 2.83
0.8 5.03
1.0 7.85
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Table 4 Weight coefficients and feedback gain for each

wire condition.

Wire
diameter Value
d [mm]
Qu = diag(101°, 108, 108), ra = 10°
0.2
£ =3.73x10%, £ = 7.36x103, £ = 7.42x103
Qu = diag(108, 104, 109), ra = 10°
0.4
£ =1.60x103, £ =285.09, s =15.60
Qa = diag(107, 105, 103), ra = 10°
0.6
£ =-322.97, £=209.45, £=19.21
@ = diag(108, 106, 109), ra = 102
0.8
£ =-233.48, £ =57.49, ££=0.78
Qa = diag(106, 104, 101), ra = 10°
1.0
£i=-135.96, £ =64.93, £=1.78
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