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Evaluation Method of NFR Slider
Using Modal Analysis Method and Instrumental Variable Method
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ABSTRACT
Identification method is formulated to evaluate the dynamic characteristics of air bearings under NFR(Near
Field Recording) sliders. Impulse responses and frequency response functions of NFR sliders are obtained on

numerical non-linear models including rigid motion of slider and fluid motion of air bearing under the slider.
Modal parameters and systemn parameters are identified by modal analysis method and instrumental variable
method. The parameters of sliders are utilized to evaluate the dynamic characteristics of air bearings. Also,
this study shows the difference between the dynamic characteristics of NFR and HDD slides, and squeeze

effect of air bearings.
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Fig. 3 Original FRF and estimated FRF (Hy,)

Table 1 Original and estimated system Parameters
Original parameters

| 1.000s0 | 0. 0
M] 0 2.000e0 0
0 0 4.000e0
2.000e1 -1.000e1 0
(C] -1.00et 2.500e1 -1.000e1
0 -1.000e1 3.000e1
1.500e5 -5.000e5 0
(K] -5.000e5 1.000e5 -5.000e5
Q -5.000e5 6.000e5
Estimaled parameters (S/N ratio = 0%)
2.000e1 -1.000et 2.534e-15
[C] -1.000e1 2.500et 3.000e1
2.5%4e-15 -1.000e1 3.000e1
1.500e5 -5.000e5 -6.572e~10
(K -5.000e5 1.000e5 -5.000e5
| -6572e-10 | 500085 6.000e5
Estimated parameters (S/N ratio = 5%)
1.994e1 -1.512e1 -3.464e-2
[C] -1.512e1 2.502e1 -1.012et1
-3.464e-2 -1.012e1 3.020e1
1.500e5 -4.997e5 -1.078e2
(K] -4.997e5 9.993e5 -4.997e5
~1.078e2 -4.997e5 6.000e5

Table 2 Natural frequencies and modal damping ratio
of original and estimated systems

Original modal Estimated modal parameters
m
parameters
o (SN ratio = 0%) | (S/N ratio = 5%)
d 7 ¢ 7 ¢ 7. ¢
€ (Hz) (%) H) | 8 | (H) | ()

39.37 0.971 3937 | 0971 39.37 | 0970

2 10063 | 0700 10963 | 0700 | 10960 | 0.700

3 20221 1006 | 20221 | 1.006 | 20217 | 1.006
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Fig. 4 Rail shape of a NFR slider

Table 3 Conditions of slider

initial_condition value
2 {m/sec) 0.02
6, (radfsec) 4
d, (rad/sec) 4
Disk Speed (rpm) 2400
Radial position (mm) 45
Initial height {(nm) 110
Skew angle{degree) 0
Normal Load (gram) 5
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Fig. 5 Impulse response function of NFR slider ( H,,)
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Fig. 6 FRF of NFR slider ( H,,)

Table 4 Estimated natural frequencies and
modal damping ratio of NFR slider

FH = 110nm FH = 150nm FH = 200nm

mode
fKHZY| &%) | f(KH2)| &%) | f(KHZ)| &(%)
1 4112 | 497 | 3683 | 400 | 3275 | 467
2 | 8257 | 322 | 5657 | 296 | 5117 | 356
8540 { 326 | 81.11 | 301 | 7759 | 28
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Table 5 Estimated parameters of NFR slider
FH = 110nm FH = 150nm FH = 200nm
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