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A Study on the Flying Characteristics of Zero-Load Sliders
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Abstract—A zero-load’ slider is composed of two outside rails which produce a lift force pushing
up the slider from the disk surface and a wide reverse step region which produces a suction
force attracting the slider to the disk surface. In this paper, the flying characteristics of zero-load
sliders are obtained by using an optimization technique. In the pressure calculation module, the
FIFD scheme is used to solve the modified Reynolds equation. The BFGS method and a line
search algorithm is employed to predict the static flying attitude. To investigate the effect of
the geometric parameters of zero-load sliders on the flying characteristics, recess depth, front
step width, rail width, and taper height are varied and the corresponding flying attitudes are
obtained. Simulation results demonstrate that recess depth and rail width have significant influences

on the flying characteristics.

1. AM =2

3l tjaa =ele]B(HDD)x A3 sle} o833}
FAlel wel taFe] A AR HEs] 1
B St EA AFE 4 315 % HDI(head/disk in-
terface)ol] gk dFol] 2 FFo] graoix| 3L glch
E3], &R 3Hsh= vam AldA sEe A
¥E B A JE3la AYsteE Frlegd
FAE HAHA FArle 7ee s Haa =
glolr e} 71U g F9ehe TR Ao E F
43l qlen, o] rjEog I AFeol HriEz
sl AR s=e} t]azm Alelo] HF-E 19574
IBM 350 file®] 20 umolA] €} &x] 0.1pm e¢}3}
7HA) Bl FraEe] $ich

Jet oo} zo] AEE ¥ A Pae
Zzelo|t] o]&FA] v)Aa FHH HEFME of
7127 & ks Eetelvl e YAl e} setoltrt
dgxz EY ’*P 15 158 o Foiz e 4
ol Ao A F5E FAsNer ke F7EF
ate] 73X —Er?ﬂl%- ZHsHA Fduh AAZ 7R

o
=
&}

15

FE2 gl ARREHAUR TR dHdg Ad TF &

olti(taper-flat slider)®] 395 Asid= F7|f-&=t
g A7) fske] SElolrof AbwE] Z o
8 0 9lon o2 qlsle] &ufolr] o] AEA]
Yaagge] ¢4 ol2 I3 #tw Y ArEA

1
L -

= s AR BAE o)Ak webd Mo
e FlAaE e 7L S F 4 glE A

24 Fepelvie] sipde] AAR aFHloH, &
F7158 s FAEPEA FA 2k FEE
2 A 2-25 Ze}o)ti(zero-load slider)2] 7lxto]
S+ AAEA =

dulg o g Ag-2e Lelo]tyE  NP(negative
pressure) F+ SP(subambient pressure) &2}oltd
E2x BYASL glow, old HF FEe AT
4525 7heks]) Aels)] By ob&3) zhek WA 19834
White[ 1]+ ~7]&¢] TF
H7igk NP &elolu] &

o

%efoltiol] reverse step2
AR-2e Fepolrja 94y

sk, olo] A4S FAstel 7)E TF Fejolr]
Boh BoEU AL ST HasAe] AHe
s olslEe Wl ghasks Azg Seiolre



A

N

16 ine's
A A NGE Arslsdny. Kogure $[21-& White[1]$}
A8 AR A4S Ad & o2 NP Lol &
A Alstel o, olE Edle] AR NP &Elo|t| 7}
71E Egfolde ulste] oF eulvl =& Fv|&Eqt
e Ad 7 USE FAsknk ‘cﬁ} Yoneko %
[3]2 NP &efe]uir} dubd oz o vjrz 3xd
LEoAE wmE RAMES 2 £ glo.s k]
A3} A9 Esto] ¢]&Fslgl o, Tagawa®} Hashi-
moto(4]+ A|ek= NP &eboltir) 252 zleg7)

@ &Hself-loading) 4522 215ted load/unload ¥
Aol Aagle] w9 axroz 24d £ 9les
TR A8 %3}04 d &3t

Zevt o]E2 EF NP &Lelolv]e] A+ Bae
g A3l flske] EdeslAl &eleltly %
WA A S 7F AR vhe} B s A sk W] EeHql
IS AH8-3l glew, AA NP &alolrje) R}
= A= Sefelr] A, F 7t AAAW
o} &}o] FAe] o]FeiA|aL QiR

ol
p

FEE AT

2 °47"L°ML 71&el Alqtd tifgt NP &ato)
v RHE Fol M 7 7| RA HAe 2 o ARE
H2-2= Zelolt] & sl nd 2 HAslg] ey o]
AFAHe R Felelv]d] AQAHE AT £ e
2 A 371H-& o] 43 Frfolre] BabAbe 3 H
[6]& Zglsld ME-Br= Helo|rje] A4t 3]
A& Tk £ NP &efolr]y] 3Ahu sl
g BAEALS ﬁ%s}ﬂ fste] 2d Lajolr] e
23 YAATES AAJIAER A stT, ol
F2AQ wIZE aﬂﬁg Faate] 159 Ay
s Bgich

2
£\l

2. Hz2-2E &2lo|d #4

71&2] Winchester fileol| X F2 Al2=5ojgtd o
Wl TF &efeld= HAlse 509 #Hd o)
Al VIRAEw HHI For FAlge] gloji
AAE Fefolt]e} timz Alolof A sl 27
+8H2 oA o ddolq NS g Tre8
Hollgk o] Eslod ghol). et B el siae
dal AlZ-2s febolrlt Fig 1ol EAIg el
o] 71&8) elo]HE 2 Tl 9 H A Afoldl] o) 53}
& ol front stepd} ojel= iz ez oF 10
um HE ZolE 2yl reverse stepg 7}A2 )k
webr] A 2.2 Felolr]e] ¢f dde 7]&e TF

Journal of the KSTLE

4 HEE

——

———
Disk motion

reverse .
ouler rail

step inner rail
i v= s i
step B

Disk Rom

motion

Fig. 1. Schematic view of the zero-load slider.
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Fig. 2. Flow chart for the static analysis of the slider.
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Fig. 3. Geometry of the zero-load slider.

Table 1. Configurations and operating conditions of the
slider model

Slider configuration Operating condition

x.(mm) 4.039 R.(mm) 107.7
y.(mm) 2.997 skew(deg) 0.0
b(mm) 0.483 p.(MPa) 0.10135
X7 (mm) 0.381 u(cp) 0.01806
hy(um) 5.842 Aq{um) 0.0635
xs(mm) 0.483 RPM 3600
e(um) 8.89 V.(m/sec) 40.6
m(g) 0.04 V,(m/sec) 0
F(gh) 2.0
X (mm) 2.019
yr(mm) 1.49
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h : bearing clearance(um)
p : gas pressure
Aa : mean free path of air at ambient con-
ditions
Pe : ambient pressure
u : gas viscosity
u : disk velocity vector

V., V, : disk vlecity components(m/sec)
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t : time(sec)

h,, : flying height at the trailing edge mea-
sured at the centerline of the slider

o : pitch angle(rad)

B : roll angle(rad)

h : initial value of the flying height

al : initial value of the pitch angle

B° : initial value of the roll angle

X, ¥ : space coordinates

XL : length of slider

VL : width of slider

b : width of rail

X7 : taper length

hr : taper height

Xs : width of front step

€ : recess depth(um)

: applied load at pivot point(mN)

mg : weight of slider

R, : Radial position of the slider’s center
of gravity measured from the center
of the disk

skew : skew angle of slider

RPM : angular velocity of the disk

Xc, Yo : coordinates of slider center of mass

Xr, Yr : coordinates of pivot location

w : net load generated by air bearing

xw, yw : coordinate of gas film center of pres-
sure

r, ry, rz: residuals
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