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Simulation of load/unload process and parameter optimization
for a hard disk drive
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Abstract: The tribological and dynamic characteristics of the head/disk and lift-tap/ramp interfaces during
load/unload (L/UL) process for hard disk drives were modeled. The equation of motion for the L/ UL system
was proposed, in which the air bearing force at the ultra-thin film lubrication was solved by using a PDE-based
method. The contacts between the slider and suspension, as well as the lift-tab/ramp interface, were simula-
ted to analyze the effect of the stiffness of lifi-tab, the stiffness at the lift-tab/ramp interface, and the ramp an-
gle on the stability of the suspension slider. It is indicated that PDE-based method has enough accuracy for the
description of the air bearing force. The stability of the slider is determined by the suspension stiffness, contact
stiffness at the interfaces and the ramp angle. These results are beneficial to improvement of the slider/disk in-
terface and further application of L/ UL technology.

Key words: load/unload (L/UL) technology; hard disk drive; contact property; air bearing force

T HEINEE R AR S g S AR, TR SRERRRIA) A A o R A ) BIL AR R 4
SRR PR IRRE S AT B T RCRTESh " A B A IR B 2% R Bk A 3 2 10 2%
e (slider) ZEARMR B AT 55 B2 1 5 1 S5 A50HH X 32 (Ramp Load/Unload, LA Ffaj’5 & L/UL) $i AR, M
gy, AR AR I BA — 2 AR, IR TF LRSS K Lol T TR FIRECS S8 A
BPOMBEEEZ [ 7= L T e, FUAT WSk o (St ) RO AR TE T R AL AR T A
/N “AITEEEALIAF] S5 nm AT, X AF 150k JRZS (non-operational ) | {37 #h i B 2l

H AT, NS B RS K sl b g sk / 38 5%

CAS HEA - 2009 —09 —29. W3 J1 2Rk AT 17 K& ik 3{1\(3—51 K]
EETB: MR K20 75 5 4R 20l 95 B 35 5 (HITQNJS. E“’"OJ ﬁﬂ'—% , 2[&5%%‘%% , W& i—’[ E/‘J{Hiﬂzbnﬁﬂ LA ]:75'3
P, R K VR S A R P R S/ 4 ST o

fEE R ISR (1978—) , 5 W-LBFs A N o S
L (1960—) | T, 30kZ , 1121 S, PR, (H 27 HET /UL R, i F AR R 4




51

BUIZR, A BRI H B T 0 3 25 B RS R =75 -

BB ramp S5 BT AR, 48 S 1 i
FEALAR 2 2%, 1t JO vk R 38 FH 04 75 12 R 2R 47 B
583 73 A0, 18 TAERSAEE TARRZS T B RE Bk ik
S/ BRI BN F 2 AR 2 22 P R 52 it UXE
R A5 0 2l AN 0 e e P B AR AR PR A T B g~
HAIZEAACRIIFTE R AR W L 2.

ARSI BRI e 1 5 10 2 18] A 25 Uk R AR
P X S8R 5 8 B RE T B8 AR EL AT 2k
P, S is sh oy iR, [R5 0 2 A4 fk T
Z RIS TR B8 AR EL A, 6 1K 1 sl Bk B Sk
A Bh 7 A B s R AT 05 B 9T 5 0
A, S v B 1 Sk / 5 5 T ) BE o ol 1 i 4R B
(SR

1 L/UL AL o 5 b W 09 7 7 AR

1.1 L/UL #%l

REf 258 0K 0 e — P T2 2 e LA R ] L %
LR, LB 3 S B 1 55 A O, Al 45
YREhas b1 FR AL RESL T RSk IR sh b B 4R
TV (lift — tab) 9K S 438 FIRK B 4% 55 248, 4n 4]
1 7w,

1 #}3% L/UL #l&lt8 x4

e R S B b SR T AR
1) R PN T R TAE R T sh il Sk 17 sh i 5 i
R R MEEEwEE , [RI B Bl #E 5 5 shih
[) P i) i LA B 8 e ) B i e A 7R AR 7 A 2 A<
HRIT A IE SRR BT 5 R o B e B RAE
BERE IREARE 07, B AR 8) TARS R AT,
SER— UM . YR, B GRS ME T
1A% sh 5 Rk, SRR TR AR TAER R o), It
s SR A — R BN AR AL, e AR TR 15 5
FERME 0 R 1 58 B — R 1k 7R
1.2 L/UL RG#FEa

T HFSE L/ UL s X} i 3k A EVE 12 8 i 52
M), I XA S S BGIHATIRA , 75 BEAF 5T A G I JEE 452
2 sl Iy 2 ), A 9 RO 2 A S AR A AR
(BB IO SR THE Z 8] i 32 fh 1 FNEEE ) (&
S RERE A BT (25 AR ) F i sh B

SER A1) BUE AR = 18] A AR A H
(M7E(dimple ) 5 7 Bl B 9 12 fih L K 37 3 e 5 R
i # (limiter) 22 [A] A4 i) -

FIEFILL AR EAR ], 2 a8 S
TESIRA ISR A, 2 B MK v O
—TEEE, 8 1 TR L/UL AR OGS AT R AL,
Wk 2 (a) firos. R 2808 4L 1R 23 D B T 1Ry
/PRSPPI 3 ANE oY, TR E FIUT )y
B/ EF BB TSR my Al m, , RS THE %8
AN JC IR 425 i U A M TR s B
fith 7 SR R MR =2 18] A4 2 fid R M1 5T 5 97 S e
Sy BT 161 BRI o3 B AT A, O 5 IR A
FaE ) b o 8 B L AE L/UL 3o 22 v (9 007 5 A8
1B, AFE NP 2(b) s (0 77 22 AR,

T (Lift Tab) PROEES (Limiters) &% (Suspension)

#H2% (Ramp) T3 1 55 (Gimbal arm)

MI5L(Dimple )

178 (Slider)
15253k (R/W Head ) o

o BN TR

| M |
() FRAEETRY
Z
k1 % Cy |::|
|
2
I A

i

my
k.,% ~
ko, 2% Cz\.|: C2a
* m,

F

kg H‘:‘ c.

(b) J)2F i)
2 flig L/UL 25z hFER
XA 2 (b) Bt i J1 2 A R4 7404, T LLAS:
BB 122 RGN is i R, o Rl 5521
R TFBTR RN |

mz =-kyz —cz - kZa(zl -2) _023(21 -

Z) +F, + F,;
myZ, = ky (2, —2,) +¢,,(Z, —2,) +F, +F, -
F, - F,,.
(1)



- 76 - R R

43 5

RS ST b (9128 S o O R R
m i =-kz —czZ —k,(z, —2,) —c,, (2 -
Z) +F, +F +F,;
myZ, = ky (2 —2,) +e, (2 —2,) +F +F, -
F, - F,.
(2)
e m, S RE G B m, TS S
3 1) R AR A RO s kSRR Y A RO BE s
T 1] 19 SRR EE 5 ¢, B RE SR E 5 s,
N AL S SRR s F, s AR T
F, O s S 038 Z [0 45l 7 52, A1z, 350 R
my Flm, B F, RS R THE 22 a4 ) 5
Fy R BRE S TAER VE I 15y, PR sh 5 M
S0 8] B A A P .
1.3 MEXBGEIERD W
FENEAE RS B b, T M S s B
Y BRALAS L/ UL 42 THEF A9 B fih 2% 45 7 A= 284k,
Bl 28 A 4 RS 1) S 8 7E 1 T AR
I, A AR RO VE T, MITS TE sh B s 2)
£ L/UL b # v, i T E R zs SR ) i, 1M
Yo 5iFshdfEfh;3) 78 L/UL 2 f2 b, iy Fas 3
ARG AW S| BN, 3705 77 s B 73 15 54) £ 1/
UL s fe v, BRAZAS TAE, By 1k M350 -5 77 sh e o3 85
b K BRASE 5 ) 42 ik 1. o
Fy ==hki(z -z - hy). (3)
s by S EVE S R 2% B A NI EE s by RS
A B 5 BR A A% Z ] (1 B .
W5 7 Sh PRt R Ak ) o

Fo= {_kceq(ZZ +h0)3/2 = ¢ 2,5 <= hg;
© o, h,.

(4)
Ak, GRS T SR 2 TA) 4 fih ] 2
7 Bl 5 MYz [ AR R
F,, =
{kzb(ZZ =z —hyy) +eu(8-2) 5
0, z, =z —hy_y <O
(5)
K by, RMIGTE U7 S A S5 B 50, R
13705 7 S HE il (1 S5 BB JE s hy_o ML 5T
S LR EE .
PETHE 5 RB 2 18] B EE ik 7
F o= {k,.(h,. -z,) +¢,(z2 -v,),z +hy —h <O0;
0, zy +hy —h, =0
(6)
At : b, HRFE SRR AR BE b, R ER R Y

Z, ==

-z —hyo >0

BHRIEE shy S M0 S SR THE Z BRI R IR 5 2,
FIETHE 5 RBE RS 2, IR TVE SR
B R 2, = b, — k(5 + hg = h,)/(k, -
k) se, REETHE SR AR E sh, T v, HAE
L/UL 3o 2 B — s 2200 A 355 7 v 85 R o 2 11 22 4k
M.
2 EEH T RN K
MY AERBSEBE
ARWFFE T, R AT R TR R4S s
N RIS by omy ko, Flm,. B
P 55 4% 2 18] B 42 ik g 19 71532 55T Greenwood
A1 Williamson Tﬁﬁm‘%ﬂ[”] OB SRR 2 ]
A2 Ml A5 38R 2 A0 TS 1) 422 M B 28 5 o M1 55
TE BN [ A2 Al VP 4 28R 3R 5 1 Al ) % fd
R BT e A T AL TR TR k=
21.4 N/m;m, =3.64x10° kg, k,, = 1.4x10° N/m,
m, = L7 x10"kg, k, =412 N/m, k., =1Bx10° N/m,
k, =4.02x10°N/m, k, = 4.12 x10* N/m, k,, =
5x10° N/m.
2.2 ZFEHANNFHE
e AR OK B A8 AR I E A H B R D, BT R
K/ B 5 R R AR A T IR 2y ) L AR AE
AEXT 12 Bl 5% 20500 XoF M 8 i ) 280 R v
BB 1R A — 2. ffi | COMSOL
Ay PDE T AR KA Aw G305 7 B2 5 T A R
JGIE (20 7 R SR A M HL g e L AR
P - 9O AR
Ju Ju
s G
Ju Ju
Bxa*xﬂ“ﬁya*y =f.
SN R AR IR AN
n -l )= o )

ap
HZ® =
+A, e A

2.1

) _ o

aqy Cal)+

ay
(7)

oH oH oH
P oy —A,PG*Y—UPE-
(8)
Krp: XY op FUH 530 R i N — K R B
FIFIEBE s A, R x VAR EGA, Sy SRS o
REFEEL Q M it REL
(7)) = (8) , T LIS 2 75 i 5 X6 L
IR AED o3 7 R SR A A o w AR ZRME R %R d, e
BB, Ff 535 Ku =p,d, =cH, c = QH'u, B, =

A, B = AH, [ == Au S - A

p
Hi
A, X



51

BUIZR, A BRI H B T 0 3 25 B RS R =77 -

2R R I — R I R A R u(0,Y) =
I, u(1,Y) =1, u(X,0) =1, u(X, B/L) =1, &
H L A B 53 T BB K M TE .

BRI 2, X Al 3 (a) B i 6k
7R =S SR ST EA TS A B A R L I
YBT3 5040 (hy = 100 nm) MR ST HIZE, W
Bl 3(b) FE 3(c).

EHAEAAC 4 =5 Birfe s — 2 (Runge — Kut-
ta) SR B Zh i 7 . G E(1) ~ 3K (6)
I 3 () B BILELS 7 DR A0 A AT A B2 <
Tl 7y M2k, nl LAZRAT-PE ShHOMILEE i8R A
(NZEACI

1.00

0.75

y/mm

0.50

0.25

0 025 075 125 y o

x/mm

() FEANE SR HTES (b)he=100 nm W EIZR A T 504

0 200 400 600
ho/nm

(el 2k

3 AEBVHREFIE

2.3 Hft3HRi&

N T AET 3T, A2 R AR R A RFA £ A1
el £ 42 S 2 A8 5 R, b 18] 3 (e ) Rl FEAR S A
IR T AR ) BN A R (BTG Sk
R A T L) AR S FEA— S UL, FEASBIE ST
TR s SR AE L/ UL SRR B TR AL . 52
Pt oS R R IR R AR, AU
23 S B AR RO T Bl R s AR S Sk
AT IR AR SEAS RGBSR ThRLRE B 38 fL A
Wk T sh B 5 BUE m A Kok 1T XL BVE
PRAAR B 25 K B S8R b A% A AT A 1 22 1) 4 4 fk
VRIS, X 28 K 3 i) fE7E — DB B 15
B —— MR B P, 7R AR SO AP A ST 0 B
Hh, % L/UL G i R S 0 1 1) 422 Ml A
VAR FIAE 77 sl 5 L 60 R 0 55 06 1 k73 2
Beh AR A R . O Tl i SR AE IF 3 Bz
B B BB O, 53 30T

3 BEHEEREIT®R

il ] MATLAB i il 2 5 %12 sh s or T2 (1)
FC2) SR Ak, IR B 72 A 07 B85 R R AT 20 #r.
M 4(a) ~ (d) AT LAFE i, RHE5C5 52 THE 912 i
T3 AL ALY BRE LR R S A RS R R S
PRI AR fioted i b B e 3 ) e JRE 9 R K
I ELAE AR o JRE A0 72 A AL , 42 fik g R fnh 2
FEIRIGR, B ZU A IR 30 151 4 (b) A1 (d) £
W, WA T E 2k 0 RE , A [ A K- 4R
(b, BRI Sh R i B (2 T 2,) 3
R I B Hd e 48 THE 5 R A4 il ) FL R
EMAIE 6, A FrEEhn.

15 k=4 000 N/m 61 k=4 000 N/m
e,
10 ¥ Ay —
£ £ fa :
% 7E 1\
S 5d ! c 2| 4
2 i h=412Nm T kA2 N
0 () wesl
-5 2! .
0 2 4 6 0 2 4 6
x/mm x/mm

(a) FRTVRT SR R 2 T2 (b)EREIINiE2

k=4 000 N/m k=4 000 N/m

0.04
Wﬂt’" S —

6
0.02] If E 4 ‘;"""”"‘*‘-L‘\
< S 2 i :
< o Th=412Nm S A —
)

~00% 2 4 6 o 2 4 6

x/mm x/mm
Ce)PEFHIE S RH I H Ak g () FFBh YIS
E4 RAZNERNRI

M S (a) nT LA G, B R THE 5 R 1)
2 fi W B0 384 K, $ Mk 8 OB AE & /.
KIS(b) ~S(d) Al AA H, 45l g B AR Al
ShHNLRE BETR T — AR 2 T 42 i 2 38 K i
W% ol A, B ke DO X2 A A2 12 S MAAR A i o
THEA T B OLAL FTE S EAIAL R AR )N

ARRI I U IR 1y B9 R/ N B R W B B i 2
BReiy 2 Jy ek 1B 6 (a) B o JLARAS [a] 4 4
Pod PR 6 (b) ~ (d) 43t T 2T X JL Ak
TR Y a0 T kAT 05 A B A A5 R
6 () ml AT, MRk A 22 A b A7 A I8 R
T AR W 38 o AR 2% Ak BR 30 114 426 figh 1 7, Dk /N 2%
AbF i s T3 B9 . i 6 (b) M (d) AT EAF i,
WE 5 AR ABT A 78 A A0 15 £ A B 39 K, 7% Ab
{3 Bl s e BRI B2 <TE /) a0 N ) e S R
AT H B s 1T, X R, R A
ARACAL AT 3 25 B 15 AR LA, AT LS 2




- 78 - R

Tk ko o R

43 5

Rk,
15 6 4
. _27%10'N/m
W-—.—-—.
E0F 27510 Nim £
s s g 2
& = ,
0 5 % 10° N 0F 2.7 % 10°N/m
-6 5 3 6 %0 5 4 3
x/mm x/mm

) PETHE L R el TP

(b)ERF IR

2.7 x 10* N/m

~
2.7 % 10° N/m
2 4 6

x2/mm x/mm

() FETVRE SR 4 i g (D) FEBIRAIRLFS
BS fUESRABNEMRIENZm

h/10"m

15 20 25 30 ~ 15 20

2.5 3.0
x/mm x/mm
(a) RHIE A o i (b)ERF RS

1.5 2.0 . 3.0
2/mm x/mm

()IRTHE SRR ) (P ShHEINiRE
E6 REEMAEIZIT

4 2 @

1) RH 5 4R THE B3 fik 7 Bt AR 3 14 16 £ 6
KGR, I HALRBE A AE AL, 425 Ak 1 5 SR8
FIF BRI RSN ; R e, Bl S THE
W E TG K, B (A AT Sh R AR 1B i K
11T 1A 5 RS 114 22 ik 7 4042 fih 22 12 328 3 D/
N T B7 1R SR THE 22 8] A K Y 4
B, 7 ZEXHR T A KIEE AT AL

2) e, SRETVE SR ) 1 i
2 X A9 T i B 5 T B A 78
ﬂl’iliﬁ'?/]\ XHE il AR T MR K.

) BB R Bh T R R B B RN
%Pl‘ﬁﬂé Xof P I AL IR f EA T ARA, TT L) B

e fih DX b 17, B IR Sh iR AL, 42 v 1/ UL
SUREHIIR L e

22 Sk :

[1] JIANHUA L, JUNGUO X, YUICHI A. Air bearing de-
sign to prevent reverse flow from the trailing[ J]. Tribol-
ogy Letters, 2009, 35(2) . 113 - 120.

[2] MURTHY A N, JAYSON E M, TALKE F E. Effect of
non-operational shock on Inter-action between suspen-
sion lift-tab and load/unload ramp[ C]//Proceedings of
World Tribology Congress. Washington, D. C., USA:.
[s.n.], 2005; 12 - 16.

[3] YAMADA T, BOGY D B. Load-unload slider dynamics
in magnetic disk drives[ J]. IEEE Transactions on Mag-
netics, 1988, 24(6) : 2742 —2744.

[4] SUK M, GILLIS E D. Effect of mechanical design of the
suspension on dynamic loading process[ J].
tems Technology, 2005, 11(9) . 846 —850.

[5] MAY S, LIU B, WANG W J, et al. Slider-bump con-
tact and flying height calibration[ J]. Tribology Letters,
2006, 23 (1) . 83 -91.

[6] FUT C, BOGY D B. Readback signal decrease due to

ASME Journal of

Microsys-

dynamic load head-disk contacts[J].
Tribology, 1996, 118(4) . 370 —375.
[7] HUY, JONES P M, LI K. Air bearing dynamics of sub-
ambient pressure sliders during dynamic unload [ C]//
Proceedings of ASME/STLE International Tribology Con-
1998 ; 25 - 28.
[8] PENG J P. Theoretical prediction of ramp loading/un-
ASME Journal

ference. Toronto, Canada:[s.n. ],

loading process in hard disk drives[ J].
of Tribology, 1999,121(7) . 568 —574.

[9] ZENG Q H, BOGY D B. A simplified 4-DOF suspen-
sion model for dynamic load/unload simulation and its
application[ J]. ASME Journal of Tribology, 2000, 122
(1): 274 -279.

[10] POLINA V K, PYUNG H. Loading velocity effect in
the load/unload systems with multiple flying height
states [ J]. ASME Journal of Tribology, 2009, 131
(1):1-

[11] GREENWOOD J A, WILLIAMSON J B P. Contact of
nominally flat surfaces[ C]//Proceedings of Royal So-
ciety Series A. London:[s.n. ],1966; 300 -319.

[12] BREAR, WO i, 22 L R e/ 5 T 8 9 1A
TRV R AR AR [T ] W R Tl R 224k
2009,41(9) : 33 -37.

(%4 # W)



