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Effect of Flexible Cable and Friction Force of Small Form Factor
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Abstract

In recent years, the demand for portable digital devices such as cellular phone, digital camera, and
MP3 player has been largely increased. To meet the requirements of such portable applications the
information storage devices with smaller size, higher capacity, and lower power consumption are
needed. A small form factor (SFF) HDD using a load/unload (L/UL) system is one of the appropriate
altermatives to satisfy these requirements. Due to complexity of L/UL process and mechanism, it is
required to investigate for better understanding the effects of design parameters. Among the various
design parameters, flexible cable and friction force on the L/UL ramp become important to the
dynamic characteristics of L/UL process as the system is miniaturized. The program for L/UL
simulation which considers the effect of flexible cable and L/UL ramp is needed. Unfortunately, there
is hardly any commercial program for the L/UL simulation except the Computer Mechanics Laboratory
(CML) air bearing - design program and the CML L/UL simulation code. Furthermore, the design
parameters such as flexible cable and the L/UL ramp are not considered in the CML L/UL simulation
code. So we embody the L/UL simulation considering flexible cable and an L/UL ramp by using the
ANSYS/LS-DYNA. In this thesis, the effects of flexible cable and friction force on the dynamic
characteristics and the performances of the L/UL process are studied. Numerical simulation and related
experiments are carried out and compared each other
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Fig. 1 Each step for ramp profile during L/UL
process
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Fig.4 FE L/UL model using ANSYS/LS-DYNA

98

Hoz £ESIUCH HY E2 A X0/t
Yz, 121 feA0E S2& YA RE
IFoME =7) VCM E 8 H 3t S3714|of
g 2 s2ojtie S0 HEsictn ISR
Ct. 2E/M2E WFHA HES &= S71H01Y &1}
= CML ZE/UZ2E NEFO|ME B8l #5IRUCE
HES Z22SE 1.52mNE F9U, 2/ZE §
Ol T AMHE O|SE M MABMY HYFE
O| 83t 4+ eo| 82 F3IFUCt Fig.500A &
oIe 4 QR0 S8 o4 Eajet MdEFAI B
S/AZENO He| YxlEts AE 2 ¢ AL A
2E 31H9 A2 AEd ol EAI 200 24
5t BIlste A8 8 £ UsH o|AU2 AIEY ol
Mo x| £ HE0| WystE ZAojct. ¢RE
HHO ASHOIME A HA HEADR} FAR
ZEge =t

Loading Process
20 T T
--- Experiment H : .
18| == Si i IRt SELTIT ST CLTLITPTE: e I;.W_\
P S e SRR - |
€ : : [
£ : : I
] e Rt aaeetatl STSTITRRRS SRS 7 SERERE SRR .
8 : : LAY
] ; ﬂﬁ#ju- ...... .
(] SERRER TR PR LTS e PP B STy 27 R LE DETTRREt SUPREP -
: H N i3
. S ER eeeaaa ; {f‘y 5 S R SO .
o P d
Pl S Al ". B i Rt Se R ALt AR bameneens —
1] A, i 1 ]
0 1 2 3 4 5 B 7
Time {sec] %107
Unloading Process
45

T T T T T T T
H : : : : : i | =-- Experiment
PY+ WU RRRE SRR NOPMO SO ORI ORI o=

.........

.....................

Velocity [rmrm/s)

b i T
0 05 1 15 2 25 3 35 4 45 3
Time [sec|

Fig.5 Comparison of velocity profiles for
the L/UL process

FEXNBAN 2SS =2 E/AHSH 23, 2009 98



428 sl=CjA3 520|220 |E HO|ER OHEE0) o FE| s A7

3. AlE23jolH

31 RERIZE Ho HIEE @

M gtel Hiet Zo| ZE/ARE PO 4B
EElE Bol ot 7= stECAT0 58
YAl O ol SRsIC Fig 61t Fig 7= 2E
AUZCA 2/ZE HO| HEAS 0|5E o gt
g g8 20iFECL 2 2FY H2 wEg ¥
HUxis 28 27f 4= FE0M LIEHHD, &
B 12 A8 301M BHNER2 YYE Us WA
E = OIAS YEo FAHS ZTt HESHK|
271 i 2oict 28 40ilME HA sAYE E
Of B =FAIHO| oo wat YYstA Fo{SA
. AERE YoM BIEE B2 Fig 70A
gHolg 4 ACH A" 12 ojoiH|oj™ &o| ExYst
i S-S 0| SIHECt 2| ZE o IO AHAt
HE O S =W MAHMEO HEZ0| HKY
M #RYEe 8ol SItstAl ECh OjZ0| MM
Heol HE oI E2 nEEs A o
ZE Y gy gz AFeiCt FAUHCE
A e 882 o YoM SAsHAH SItsta,
A2 DEREE FYAIM FCHAI S ZA BICH 2F
40 M= HAHS Zhaol o2t SRR 2 Zast
A €

§|}
-

'

o

lo 2 1

Losding Process
H . T M H T T
i r ; + i
a1 i : :

¢ TRtep1 S ep 2 Step 3 "f Step 4

10

8

o

Force [mN]
-

~

i
o 1 2 3 4 & B 7
Time {sec)

Fig.6 Variation of counteractive force on ramp
(loading process)

12

10

Force (mN]

Fig.7 Variation of counteractive force on ramp
(unloading process)

YEXHBNAMES =2 F/H 5 H23. 20098 9K

[

32 DIEASY S

Hmol OtEAleE I HHAMHAIT|Q X
ME S0 2t AFYECH £5 2E=/HIRE 1Y
O X|sxoz MHMEHN m2tM HEtg £ ATt
[2~4]). Berngard Hiller §[5]12 0I&H 42 ¥t
off caljf HPSIUCt. OfEA e Wals ZE/AUR
Eol &x0| FEE 0X7| M 20| OtatA +ol ¥
sioff cist Aot WRSICEH Fig. 82 OH&EA 42
H3H(u=0.3, £=0.25 u=0.2)0) Ctg Y=
of HEE B ECH MA AFHAML Of&AH £
B X X0 O EAILT HXEH GHEE
of X|CHX| 7} HECE metM, UERE 557t B
8 Bo 2R 2 +& £ A= UZ2E /29| T
HCH X0} St OrEA 47} 0.30|42 E2 3
of 2= 82 Af 10| 24 © 10mN ZZ0|1,
DHEtA 7t 0.2520 FR+= 9mN, 0.2¢1 FRol=
SmMN2Z #QIx|Ct

33 79 7ol dHiolojA B

A Aojg2 HlEE 8+H ISEE S &
of 1E7I9 HE2 st ECt 2 HFAME wo
sHAHoOIE, 1/3 RHEFA0|E, 1/28HA0IE. 1 &
o Holg 5 47tX| Y8 MESIUCE w/o 7Y
Holg2 |AOIE0 = 2YO|H, 1/3, 1/2
foEAHO|ER FAAOEE 1/3, 1/28 W7l 2H
O|H, 1 RAHAIC|E2 £7] IS SBCH AEY
ofd HilE 4EHEH 2HE &2 AH 13 40|
M 3A YEE HE #olg £ QL Fig9e 2
SHF M |FH AHoO[E2 FES LIEHH Zio|
Ch. SAA0|E2 2|ZE Ho| 82 £ =1 &
B 10 Al 20| EA EC} LR HjMY AT
g olsoz NS0 A 4012 2HEE B
719l A0E 7t 2ct 2L 2= 7o A
29t 3ME A FEE MXIX| RECE EBE
Fig 90l M 018 £ QI 0| 7ol #O|E2 gHEE

Unioading Process
T T

e N — p=025

I B R S I i

Force [mNj
o

L L L i L i
05 3 15 2 25 3 35 4 25
Time (sec)

Fig.8 Counteractive force at different friction
coefficient

99



HAEOI8H U2 0| 4N UFL U M WAL N2

g2 FHuixol= S 7NXK RECt B /A
AOIE2 ZEIFQ AH 13 30ME A A
HoZ2 HEBICL Fig 102 HEE HAFAAMY |
HAO|= Hio|o{~ Bl FEO| CiEt 22)zZo|ct
HZE HFYoIM HHEESH2 2 FoM 2 CHE
FY3 2olch A 19| DiX Y 22| HUYR £
8 HeistnE 29y 3A X0|7} 2ic)

4. A

U ZARO) B WRE BE 55
AUHOE o7 20| B ARUME 4B
SEE S0 BASH: YAS WSt v
S ol O3 +HYY S0 WAL 4VI7| o
B0l £+BWYY SEE SFYst0] WS B Y
of CHEH WUV} JhSsICh £BWE SEE HNE
A 22014 50 MAMMY Lo2t &F X
Hol het HIAAS So 4K MAHMM Boio| &
S8 FYSAC Fig. 112 AYS S8 78t 2
S WYA S HYY SE8 LEmIC

Loading Process
T

rr

oF MY
°

0%

wnm w0 flex-cable
= = 1/3 flex-cable
""" 1/2 flex-cable
= 1 flex-cable

Force [mN]

Time {sec] -3

Fig.9 Counteractive force with respect to flex-cable
(loading process)

Counteractive force
2 T — .

; ; wio flexkable |
10 ; = fexiabls

: 41112 flex-table ! /2 MNex-cable
‘ e Iflexchble | [ | fMexcable

| wio flex-cable
.. 173 Nex-cable

Force jmNj

Time [sec)

Fig. 10 Counteractive force for different
flex-cable(unioading process)

100

Fig. 110l 2= AXHEH AH 13 20|M = 8
8 ST} SItSIACIL BAste AE oy
A=, o|AUS sEYEC R HAES= B F
of g Zi0|C}. Fig 12&= /& AHolE2 FHO

£ YUY 5§ LIetAC ZHZte] A0 &/
ci# ol gof 28t o sl (A) £20AM SHUE
o £5 HEI MzICk O =0 2= A &
ol +EYE £ = /Y A OlE & 370 o}
2t 243 455t A2 =HolE ¢+ ULt Fig 13
2 30mm/sE HZ2EY HL2 1/3 fEA OS2
1 REFA 022 +HUE STolCt JF0M &l
g+ A AXE 79 Ao|E9 FE2 A 11t
20| = Aol RAX|QF AR 33} 400ME 2HSHA
BOsict AR 33 AF 400M2 JtEEe 22t
-6.25mm/s’, -1.86mm/s°0|Ct. $HUIEE £ T O Z4A

& 2 ABOIN AR0|O[E0] O3 wriwyoE
80| HECH: S HAHEC 5, 1 RAAO|
£ F27}1/3 RAAOIE 2WO| HIs [ A

Ol% HIO|O{A BOE OIff Of 2 YYS WeCts
2 HOIY 4+ UCH JB{LE KA 0IBL HEolof
A 20| ZE HFYN 7SII SBYO| 2 Y

Velocity {mnvs|

o N & o @
T
E

©
N
w
IS

Time {sec]

Fig. 11 Lateral velocity profile with respect to
flex cable force ‘

Loating Process

| flex-cable
8L 173 flex-cable

5 S

S

Velociy [mm/s]

R -

o
~
w
> wl
»
®
~

Time [sec}

Fig. 12 Lateral velocity profiles for 1 and 1/3
flex-cable

HEREALHSS =2 F/H S M25. 20098 oF



4% stEC|lA3 catoj=

Unloading Process

11 flex cable

Velocity [mm/s]

Time |sec] 3

Unloading Process
T T

1/3 flex cable

Velacity [mm/s)

= L3 ovst
0 1 2 3 4 5 8
Time [sec] 3

Fig. 13 Lateral velocity profiles for different
flex-cable

5.4 8

= A+E I 0 YYStE DIEF D B A
A O| &2 HIO[O{ASE BHE RERL ZE-N
EC 2E 3 HEHE SHM ZASIUCEH O AlE
Bold ZUE S3t0f 2 OiEAs= DyYse
e & 8ste MEHRS 3H ste 9.’29 &+
e RE BHH2H, 24 #H 0|29 g
YAMU= AFONOIE7 ZEE £ UTE E‘=_!01—r—-
HeR NE2 5t HRYANO = UEY YEoer
YO FE 2R HEBICis AS AP O
L A2 A2l O &9 37| Fot 1 d@2
o stoh & 4 AL

]

Huogk

F 7]
0 =R2 2008 AR (DSHEI| L) [
HoZ BB Ce| XHE WOl £HE AP
2 (No. R17-2008-040-01001-0).

YEMNFNAHE S =28/ 5 X235, 20098 9%

9 /A AolEdt DHEHO ofF JEo| ohE o7

1%}

aE3

[1]1 D.B Bogy and Q. H. Zeng, 2000, "Design and
operation condition for reliable load/unload systems",
Tribol. Int., Vol 33, pp.357-366

[2] Nikhil S. Tambe, Bharat Bhushan, 2003, “Durability
studies of head-disk interface using padded and
load/unload picosliders for magnetic rigid drives”,
Wear 255, pp. 1334-1343

[31J. R. Yaeger, 2002, “Ramp Wear and Debris From
Load/Unload Lift-Tab Roughness”, Transaction of
ASME, Journal of Tribology, VOL. 38, No. 5, pp.
2126-2128

[4] N. S. Tambe and B. Bhushan, 2002, “Effect of
Load/Unload Process on Friction/Stiction and
Durability of Head-disk Interface”, Microsystem
Technologies , pp. 409-418

[51 B. Hiller, J. R. Yager and R. G. Sonnenfeld, 2001,
“Ramp Load/Unload Friction Dependence on
Temperature, Velocity and Ramp Material”, IEEE
transactions on magnetics, Vol. 37, No. 4, pp.
1852-1854

101



