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Development of Massage Seat Actuator for Automobile

using Electromagnetic Analysis and Simulation
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Abstract

Recently, researches about automobile seat having function to support the comfort to driver and passenger during the
driving are conducted in various fields including automobile seat having massage function. The effect of massage
depends on the pattern of massage such as time, magnitude, and shape. In this paper, linear motor actuator, which is
used as driving method in the automobile massage seat, and electromagnetic analysis method, which is used to improve
the magnetic efficiency in the design of autuator, is proposed. Electromagnetic analysis using finite element method is
conducted in the design of linear motor actuator. Input voltage shape for massage pattern is calculated by simulation
using mathematical model of actuator. Performance test for massage pattern generation is conducted with automobile
massage seat having developed actuator and controller. It is verified that developed actuator system is applicable in the
automobile massage seat.
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Fig. 1. Configuration of linear motor actuator.
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Fig. 2. Trust force according to current flowing through coil;
(a) forward force and (b) backward force.
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Table 1. Physical, geometrical, and electrical constants of
actuator used for electromagnetic analysis.
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Parameters Value Unit

Saturation flux density 15 T

847 -10° | A/m

Cohesive force

Physical

2-1-10° | H/m

Permeability of core

constants

4-1-107 | H/m

Permeability of air

Resistivity of coil 172108

Thickness of magnet 3.0

Length of magnet 11

Geometrical
parameters

Diameter of coil 0.6

Turns of coil 204

Air gap 2

Current 2.4

Electrical

1.
parameters 68

Resistance

Inductance 0.02
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Fig. 3. Magnetic field distribution according to relative position
of magnet and coil; @ 2mm (=3mm), (b) Smm (Omm),
and (¢) 8mm (+3mm).
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Fig. 4. Trust force according to position of magnet.
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Fig. 5. Schematic diagram of linear motor actuator.
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Fig. 7. Massage pattern displacement(dotted line) profile
according to applied input voltage(solid line) shape;
(a) sing, and (b) square.
O3 7. 3 Mot gao wE DRE9| OfARK| miE 2
S{ A}

V. &8 3 13

g PIARA] A Bl A g1 SRl o B
5 AlsiA thdet viabA] sEE Agdst] 9ls)
19 87 o] T olg A7) E FA T A
oolEl= DC EE 9} #o] d7|a} mde] A7hE &=
DC AFe Wwaks wgste U +5& 7+d
Z ot AR Ay W Fu4E AT AE
olEle] FAAE E &x9 Aojrt 7hEsith

1356V

Reverse Battery Protection
& Power Filter
Voltage

8-Bit MCU
AKbFlash
512b SRAM
-40-125'C
Watch-doa

command Actuator

Diag.
— |

¢

—> 7
o}

a9y
Ho|

GND

v

Isense

"]
=

Fig. 8. Control block diagram of linear motor actuator.
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Fig. 10. Manufactured linear motor actuator controller. dolA HLAZE A}L5}o] o_qTiroﬂ o] B ¢] F
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