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Abstract: This paper describes the study of the design procedure for the step-by-step setup parameters and of
the magnetizing method for performance and size reduction in the development of a haptic vibrator. The
study of magnetization was accomplished by comparing the electromagnetic force in accordance with the
horizontal and the vertical magnetization. The theoretical results indicated that the horizontal magnetization
resulted in a better performance. The systematic design of a step-by-step procedure for establishing the design
parameters was verified by testing the characteristics of the fabricated prototype product. The vibration
response function analysis and electric field analysis were processed by decoupling of the analytical method,
and these were determined to be in good agreement with the test results. The design parameters to
contributing to the product reliability included the spring height, the welding position, and the coil position.
The sensitivity of the electromagnetic field and the performance change were analyzed based on the design
parameters. As a result, we proposed a design method to implement a reliability-based, high performance
haptic vibrator.
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Table 1 Geometry value of coil

W | oA | dF5de] | Fdeol | A% | A7HAS
(mm) | (mm) | (mm) (m) | () V)

1.5 1.98 | 5.4636 1.54 | 23 2

Table 2 Electrical properties of NdFeB(Magnet)

Coercivity (A/m) Electrical Conductivity (0)

883,310 0.694
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Table 3 Design of initial vibration parameters

Design
Parameters

Mass(M)

Stiffness(K)

Damping(n)

0.976g

1,780N/m

1.5%

SO CIE
o H™

e 1.85g (Vibrator/Jig Transfer function
ratio( X/ F) = 3.37)

o

Table 4 Material properties of haptic vibrator’s part

Elastic . ,
Part Material Dens1t?r Modulus POISS.OH §
(kg/m’) (GPa) ratio
Spring | SUS301 | 7,800 210 0.3
Weight | Tungsten | 19,300 411 0.28
Magnet | Nd-Fe-B | 7,600 150 0.24
Iépper SUS430 | 7,800 200 0.3
ase
Lcower SPC | 7.820 | 200 0.29
ase
U}"gr Acetal | 1200 | 2.9 0363
L‘}f;er Acetal | 1200 | 2.9 0363
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Table 5 Result of natural frequency and Response
analysis
Spring Case .
. Model Acceleration response
Height Study
J I Casel | 216.7Hz | 18,528mm/s*(1.89g)
<SprngHielght:h1 mm> Case2 | 212.1Hz | 18,546mm/s*(1.89g)
Fig. 5 Case of Spring Height himm
18- 5 Lase of Spring Helg Case3 | 209.0Hz | 18,548mm/s*(1.89g)
Case4 | 222.4Hz | 18,492mm/s*(1.89g)
Casel | 216.5Hz | 18,474mm/s*(1.89g)
h140.07 | Case2 | 211.9Hz | 18,494mm/s*(1.89g)
mm Case3 | 208.9Hz | 18,625mm/s*(1.89g)
Case4 | 222.3Hz | 18,431mm/s*(1.88g)
<Mote1> <Mode2> {Moted>
Fig. 9 Natural frequency and mode shape
Spring Heighthmm
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Fig. 10 Acceleration response of FRF(hmm)
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