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Abstract : This study presents an integrated electromagnetic-structural design of a linear resonant actuator(LRA) for
steering-wheel haptics, and verifies a high-acceleration target through an agreement between simulation and experimentation.
A single degree of freedom model showed that peak acceleration scaled with the force-to-damping ratio, quantifying the
force-damping trade-off. Parametric analysis determined the minimum required force, and magnetostatic finite-element
analysis with nonlinear B-H curves predicted a thrust of 0.107 N; consequently, H and B field maps confirmed the saturation
margin and current-thrust linearity. Furthermore, modal and frequency-response analyses identified the first translational
mode. A component test under cushion and jig boundaries achieved 134 dB acceleration and an 8.9 % damping ratio. Using
these data, the numerical response predicted 84 Hz and 134.83 dB, which were within 5 % of the measurement. Thus, the
workflow is robust to assembly-induced damping, and delivered approximately 20-fold higher responsiveness than ERM
motors, with faster rise time.

Key words : Linear resonant actuator(413 &% 293=0]|0]€]), Electromagnetic-structural integrated design(HA}7]-1t% &
3l d 7)), Electromagnetic force( 1Z}7|2}), Response latency (534 1), Acceleration level(7}<5 % 7))
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Table 1 Design constraints

Parameter Value
Resonant Frequency [Hz] 80
Peak Acceleration [dB] 120
Envelope Limit [mm] 65>30%50
Response Latency [ms] 25
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Fig. 2 1-DOF spring-mass system
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Table 2 Simulation parameters

Parameter Value
Mass [kg) 0.0062
Stifthess [N/m] 1568.02
Natural frequency [Hz] 20

Min. force for 170 dB (ref. Ie-6 m/s®) @ resonance

L
8

i)

Fig. 3 Correlation of minimum electronic force and damping
for achieving 170 dB
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[Fa=100.0 mN: Accel level surface, + 170 dB plane
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Fig. 4 Effect of damping on peak acceleration at 100 mN
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Fig. 5 Configuration of'the electromagnetic analysis model
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Table 3 Simulation parameters

Matetial | Relativepermesbility C"";‘;;;"ity
Copper 0.999 58,000,000
NdFeB 40SH B-H Curve
SPCC B-H Curve 1,100,000
SUS304 1.000 1,395.200
Air 1.000
Table 4 B-H Curve of NdFeB
B H
991,700 0.000
495,850 0.6315
0.000 1263
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Table 5 B-H Curve of SPCC

B H

0 0
239 0250
796 0925
1592 1250
2387 1390
3979 1525
7,958 1.710
15916 1.870
23873 1.955
39,789 2.020
79,578 2.110
159,155 2225
318,310 2430
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Fig. 6 Electromagnetic results (a) H-field vectors, (b) magnetic
flux density
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