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Experimental Study on Various Ramp Profiles during Unloading Process
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ABSTRACT

There are many benefits such as increased areal density, reduced power consumption, applied smaller size and improved shock
resistance in Load/Unload(L/UL) mechanism. It has been the key technology of developing small form factor hard disk drive used in
portable digital devices. The main objectives of L/UL are no slider-disk contact and faster L/UL process. For realizing those, we must
consider many design parameters in L/UL systems. In this paper, we focus on the effects of ramp profile. We can investigate dynamic
characteristics of suspension tap and slider on ramp during unloading process experimentally. In special, we examine the effects of
vertical velocities, ramp slopes and disk vibrations. As the result of these experiments, we propose design criteria of advanced ramp
profile for good unloading performance.
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Fig.1 Experimental Setup
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§ Maximum relative speed (unload)
§ Minimum relative speed (load)

v, =0

§ Maximum relative ramp gap § Minimum relative speed (unload)

§ Maximum relative speed {load)

h o= rampgap h =  ramp gap considering disk vibration & = amplitude of disk vibration
Y, = unloading speed ¥, =  unloading speed considering disk vibration
Vi = speed of disk vibration

Fig.2 Phase of Disk Vibration
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Fig.3 Effects of Vertical Velocities



Table 1. Results of Vertical Velocities
Vertical Velocity (mm/s) 19 38 90 130 190
(i) Time Gap between Tap & Slider (ms) 1.50 0.89 0.43 0.37 0.29
(2) Disp. Gap between Tap & Slider (um) 78 84 89 99 105
(3) Slider-Disk Gap after Rebound (um) 18 27 38 87 156
{4) Downward Displacement (nm) - - 4.5 55 6.5

N koo > 1)

negative force = f(v)
k, : stiffness of suspension
8, : gap between tap and slider

(a) Diagram of Lift—off Force
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(b) Comparison of Simulation with Experiment
Fig.4 Lift—off Force
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Fig.5 Effects of Various Ramp Profiles
Table 2. Results of Various Ramp Profiles

A B C D E F
Contact Slope(®) 10 1.6 1s 20.55 13 11
Air-bearing breaking Slope(") 10 11.6 15 20.55 1 13
Vertical Velocity (mm/s) 32 as 46 57 37 40

(1) Time Gap between Tap & Slider (ms)  0.97 092 067 056 083 075
(2) Disp. Gap between Tap & Shider (xm) 81 82 ] 82 81 80
(3) Slider-Disk Gap after Rebound (um) 16 21 25 32 22 40

(4) Downward Displacement (um)
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Fig.6 Effects of Disk Vibrations
Table 3. Results of Disk Vibrations

ALY

0 90 180 270

(1) Time Gap between Tap & Slider (ms) 1.7 1.50 136 1.8
(2) Disp. Gap between Tap & Slider (um) 79 78 B1 80
(3) Slider-Disk Gap after Rebound (um) 20 18 17 16
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Fig.7 Design Parameters of Ramp Profile
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