HEREISE 964%E KEBMAGHIE pp.419~424

HDD 3AYFEFFA Y ARuHFY 3 R 24

Pivot Nonlinearity in Disk Drive Rotary Actuator : Measurement and Modeling
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ABSTRACT

As track density increases, the effects of nonlinearity in pivot bearing of hard disk drive on the servo
performance are becoming more important in considering the range of inertia force and the input torque during
settling and tracking mode. Recently, an increasing attention is given to more precise experimental observations and
m odelings of pivot nonlinearity for achieving higher performance of servo control. In this paper, we propose a new
m odel that shows an improved prediction of the pivot nonlinearity than existing preload-plus-two-slope model at
 atching simulations and experimental results in both time and frequency domains. Experimental measurements are
carried out to validate and identify the specific nonlinearity presents in the pivot bearing when its in fine motion.
Using the experimental results new model along with the existing one are characterized and compared for

relevancies.

Key Words : Hard Disk Driver(3} = T] 23 Z2}o] B), Pivot Bearing Friction(¥] & o] g =},
Rotary Actuator(3] 8 75 7 X]), Nonlinearity(¥] A3 A1)

1. M@m

HIZ A E HDD A X AoAL] AAS A& o]
%ol A olzol] 23 viHg Frt mels A &)
ZUolfrE Hud W YAALYXTPNY &3 F
28] (disk form factor)®} &3 VCM(voice coil motor)
- AHg3kl7] wioltt, a8y dHA nEE, uf

- FAE At AFooly FRFA A=
é-%ﬂ}%, AAdelE, 2€ M(stiction), 32T A A
%9 A% g mert 27 oy A$d w
2-x whEo] A AAY AAFAERY AANAAZTE
AAZIG, dREE 2FHY XA oA o
‘B, settling A1t X, FAAH xFe EAE
- sle] AW DAA )] g FEolo),

2 979 tdEEA 35204 FHE M AlEE
Ui voge 7§ A=A 9&F, UE, B
H(separator)®] Y] 7R o] REE oz FAHEHH
—'?*t E 3 E Alo]o] Aot U}"L% Z

e
2% z}— @E} ol2ig wojg2 & 7 ¥
Xt
ol

b(' tln

"'lo Bie AOI'

rir ofy Mz o]
OiN Hmﬁ

2
s

Hxs), 2 £Y3L “ﬂ"}a“—? 71
71 93y D:ﬂi‘:(preload)'a— 7}t o]zl o
B‘-Agg].‘— u]}ngxq I’_EJ]E]-Z] o}om —124
T9 sz]zaxnom Brbssih Aol &5t
9}% ¥ (miniature) W H L WAILTE Qo))
3t 350 ~ 400gmf 9] TR 7HA 8 A4 7%
E.Q H(starting torque)E 1.5gm-cm 2 A 8l3 o}
9% o}@ E9ar 7RA SHAM Zaze
E85 o3 27|17t 2AH WY §F, 2EF
Z5o s AN GAse vpEE wEFo] A
29 Qe wou AY 1 2717} e A g

N > 0 0o wd rlr
o

r° i

%ﬂ-‘i)l

do k1 mtl jal

-419-

g4 E & (rack) seek AloE Aoy #AAH, Y
ElAd Wt HXE o]y upzo vjdygyg 4
€ FA" £ Jdo. 231} settling, E2 following A]
dq= Aoy #A4Y, ¥ Eeayt nfRELA
% 28 HHE I oju HAFA g JF
< 458t Aojstr] HaME AYT +83 2d
o A4 % To] W& FAo] "asith AAZ HA
FAol aeiEolol e FTEUAE HFoolHY
297 w9 He M9 (<50nm B A, <0.003deg.
B IALGE)EA o] 7 HAA HE wojy op@
HE HEY 2TYoR B £E floy fg v
breakaway torque(3.5 %] ‘:]"‘:El“ﬂ QAojA <k 1 gmf-
cm(0.098 mN-m))oM: HAYg 2xPs go 54
ZtAe 24 A{7} 27}%“’11 w2} o] e} L}% 543
£ Az goE C} olHE 54L VAR Foly
FAAE ol&std FAsI|E WS oy wER
J Z2HRE %‘0114171 e @A 4 € 2429
A AR wEe FHo dojME E“*"‘*"“ﬂ
et S3Ao] Zetaof gt

2 d7E °“%°ﬂ°lE1 Ax H Sxo] BE HE

Wojg oiE g A/ 7—“1%1* 24% AAs
3 o]9 E}“'““ AF. ol & 98 HE w3
o AATEALS 53 F de A2EE FA
I 53ZRERY 78y 2d 2 €FE =E3519
ZR327e A EHolHY vuE T3 g9
284E& AFstnA @

mlo

I

o ¢2.

2. Yot =24 % A 7Y



HDD ¢] E# following Aol 8 E(head)7} E &
) X (pitch)®]  10%°) H(<500nm) =9 E& FF3J
A HAY 4AZ X Wo¥L EF following % E
#@o] RRO/NRROZI FHE ZWE 7/HAA =9
ol HdME ¢ viad FF EQAM spsiA o}
g} ol ¥R vhEde] N HNPAHH J2HFAE B
92 AR 9% FEIE/RAFTFL /S
9 FAE A1 g9 FAANEHREF DE
TA A

HP 3634 DSA

-

HOD without Flax Cable and Disks

Source €h1Ch2

diracton of laser

Polytec LDV
Lecroy Oscioscope
Displac. Velochy
Q
h1Ch2
o 0

L__|?

Fig. 1 Experimental Setup
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Fig. 2 Input voltage vs. Displacement/Velocity
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Fig.5 Actuator System Model
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