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Characteristics of lubricant pick-up due to breakage of liquid

WFFERROBEE. (Fns0) : a v Ba— X AR T 4 A7 BEEO~y N« ik f o 2 —T7 2 —2R
(HDI) IZ BT DRI AI DO ¥y 7 7w THRIZOWT, BT, IR A = A B ZAZEREOREWTIC X
HY 7Ty FHGORNEZ R - EBREICHER L7-, BARAIICIE, KIKA =2 ZZEED
WSS KOt Oy 7 7w TR A | IREEE DB L HEEE I L - TEBRIIC
fRIA9 5 L4k, ME LB LEBRIET D2 LItk AR E T —2 25/ LT,

WFZER RO EE  (J30) : Characteristics of lubricant pick—up due to breakage of liquid
meniscus bridge have been clarified theoretically and experimentally. An apparatus that
the researchers developed was used in the experiments and a theory that the researchers

proposed was verified using the experimental data.

Finally, we could obtain basic

knowledge and data with respect to the lubricant pick-up.

AR TE B
(SFEHAL 0 1)
[ERES T Rt s
201 04FEE 1, 700, 000 510, 000 2,210, 000
201 14 800, 000 240, 000 1, 040, 000
201 24 900, 000 270, 000 1, 170, 000
R 0 0 0
Gy 0 0 0
wooRt 3, 400, 000 1, 020, 000 4, 420, 000

R T I =
BFE O - MIE - B T,
F—TU—FK: F I RmTo—,

1. WFZERRMA L IO 5

RS WET (IT) OERTH 5 1k
RO E 57 B/ N EAL - ETEREILIL, Rk
DA - BFERFEBOT-DICRL ZENT
RN LDOTH D, R, HEBES 2L
B~ A 70y AT DBV TIE, ek
WMERZDOKE R ZHETI2LERNLY
W NEBIC B T 2 MBI ORI L F DL
R, & DICIXa%GETE Y — L ORMESLAY,
N— K7 T OEBERIN & L THER
AR EIR D, FElo, —BANSHUNER (A1

FRRT T - BEARRRRE TSR -
BW~Ara,/ ) AT A

FoA AR Y—

sna/F)=vr, BDHWIE, Micro/Nano-
electromechanical System (MEMS/NEMS)) (Z
BT, B - WA - @R (b OB
MO HNORMIAEE, B2 IXF A PESR
FA 7 J3—R 2 (DLC) 732 & DB b = —
T TRT v FE AW E ORI (HE
MED a—F7 0 v IR ESns560% <,
Inboa—F 4 S EEXEF ) A—F
NOA—ZTHIE SN TWD, FirZefklé L
T, arya—¥HBKT « A7 EEICBT
Do~y R kA o2 —T7 2 —2(HDI) b



b, HERT DT 4 A7 FICFEEBRS Y R
DI A— v (nm) FRE DK DR A
AL THELTEY, S5 IIRIRRME R,
FEALRER. LIRSS im) BHY ., HEO
WE O (AR hokb, 2ok oI,
~y RABERICHEFICTE L TEELTY
L8, BAR EOWREBERI S~y NICBE
L (ZhzEEAoYy T v 7 LIES),
~y RO EFECREERE B OE X IAL - 5t
A LICHET A Z N, BIKEEIZL 5
Wk T 4 A7 BB DORE LD 1 DOREE
o TETWD, ZORKHEIEAOE 77
v OERBEE LR, (DT 4 A7 RH
D5 ZRSE LT IR A~ > R &R CRefiE 7
HZ L, QFREHSREIZL->T~y K
DEWEANCEEAR L, 2 OBRITIEAR S LT iRR
A= AT ABERE W LT~y RAENTHRIK
DELZ LR ERRTHND,

B, TE T~y RO BRI fRAT
(S. Fukui, T. Kanamaru and H. Matsuoka,
IEEE Trans. Mag., Vol. 44, Pt.2, pp.
3671-3674, 2008) X°T 4 A7 EOWKIAHETE
Matsuoka, [ZEEE, Trans. on MAG ). & HIZ
TR A = 2 77 A B8KE DFFEY - BhRORRME O fF
B4 (H. Matsuoka, K. Ishihara, K. Inada andS.
Fukui, ASME, Proc. 1JTC2007) % . FEEx -
FEGOM AN DT> TE 72, K-> T, WF3Eh
WUANCRBNT, IBFEEBIE, kR y 77
> 7 ORI O F1 X% & 70 2 BRI 70 50 A,
DB A EREL T,

T, 2O LEBHBEEI AL LT
1203, B~y ROBIKE B #EATZ <
RITIZ7e > CRIE E 72 0155 2 & BNEEEL
L72bDTh Y, HHERBYS VIRV TIEE
D BRI OFEA 7RI T CH o 72, »
HRIAWIEIZET L, BHFErmies LU
WAL 2 fEfR 35 2 EMEEN TV,

2. WFEOHK
AWFFETIE, FRIC EFE Q) DIFIK A =2 H
ABE DRI X D MEBAIOE v 7 T v T
2B LT, BRI - BRRAOIZ E O IEARRHE &
BHOMMCT D EEBIC, TOEMEKNEHAE L
THRT 4 A7 BEENGELE L, RO SbH
727 R AL R AL O BT [0V 72 F R
BROEREETND EISH LR GHEHEE
HZLEHEEME L, UKD, EA=
AN ABRFEOREWIC L5 MEAIE v 7T v
TORFERE R E TR AN 255 2
ENTE | BEHEIFOBRBIZRE S H KT S
LoLEZLNT,

3. WO HIE

ABFIEIL. AR A = A T AZERE DOREKTIZ X
DIEHIOE Y 77 v I LT, KR -
BEGMINCZ DIARFEEZ A S T B & &

HiZ, TOEMEWGHE LTHRT « A7 %
BEGEL L, RO S 55 EasEl
DOEBF T T EAROHFROZ/LE D
A LI-GHEHE2BS L Z L2 HE L
oo HAREIZIX, LFOHEBIZOWTHIEZ
T, FEBEROER A HIE LT,

(1) AR A = 2 7 A A3k E (BFFEAR
REOVDMARRE LD EARBFZEDH
BIZEET 2 L9 ICkBRTE) ZHWT,
FA ST DB > HED IZ K DR A =2 T
ALRREDOREW R ¥y 7 T TR D E
BREIFREA & Z O TIEE S DO RS

(2) By Fy T 2R ) EhEk
Bri®E (BlA) 2 W T, mN oA
WrlZ X DRI A = 2 T A48 DR
Py 7 7 FRIMEOEZBREIIRI & Z D
PR OGS

(3) JR7-R A SRS (AFM) (GRA) & H
W RIR Sy T R D F

4) EEAY Y 77~ T EE LTk
R~y RO R & DT D% EHE
FARE e

4. WFIERLE

EREO BARR 72 FEhE I (1) ~ (4) 12 B8
DRFFER I DN T, RS R X OGHERS
BT T 7HRLTHHT S,

(1) EIEA =2 B AR EEEZHW-E
B
K 1Dk HIT, Wik A =R B ZABUHE % m
FHRNZE 28R Y | W OWRKOE v 77 v
TEIE (REROEEBIZE LTy s T v
SNEREOEBEORE) #HE LT, 7.
R B LS WA A = A A A R4 i e oD BB G i AT
ETNEREL, EEBRE LR Lz, ZORs
RE2M 2, 31T, ERICEH2WEEE v 7
7 TEIEORERT ML 5 LD,
REMOSI X LEELZZ(LSIETE Y
7y TEIGERIE L, AL FEBRELPH T
I, 51 Z B Ul ~OIRAFHEIT 2N 2 & 23y
MoTm, Fio, FEBE & BEREIT R E <
—H L., HHRORYEERT I ENTE T,
I 6, EROEREZEZZERLITO, £
HH S OREBOREEEZ R LTz, 2o
TIE, 5% & HICERE ER TR 217
ITETHD,

(2) Vv T T4 AL 5 BB

O

Cad '::>I:°yj7w°
Shi-igs

B 1 R A =R ABEAE DK L 5
By 7o



10— 77— 7171

L Liquid: n-Tetradecane i
S Substrate: Glass
3 80r R=10mm b
<& Qil repellent: Novec EGC-1720 100 %
£ = (On both sides) B
>
S 60f .
< =] ==
@ L & 6 |
S
& 40F 1
(<]
(=2}
g L |
ey
8
5 201 Theory (6, ,=54deg., 6, ;=54 deg.) )
& | |- Experiment |

0 L L L L L L L L L 1 L

0 20 40 60 80 100 120
Withdrawal speed, v, um/sec
B2 IR A = AT ARG ORI K D
vy 77y 7RG (7 ARH)

100 T T T T T T T T T T T
Liquid: n-Tetradecane
Substrate: Silicon

80f R=10mm i

Oil repellent: Novec EGC-1720 100 %
L (On both sides) |

40t ]

20 —o— Theory (6, ,=55deg., 6, =54 deg.) T
—e— Experiment

Percentage of transfer volume, o %

1 1 1 1 1 1 1 1 1 1 1
O0 20 40 60 80 100 120

Withdrawal speed, v, um/sec
B 3 IR A = R T ALUGE ORI

vy o7y TEE (TR ‘/JSI/F'T
&% 72 =R
K40k, BEERKREFICEKR LZRIK

A= AT R ﬁ@ 75 O [ A BE ) 2 A W
FHNZA T A RS, IR A Wris
ug, ZWIE Uiz, FEBRITIE, EBRATOWRAR £
= AN ABEDORKOEFEZHJE L TR X,
—TERETT 4 A7 &AW, 10 735 DR

%®%E%MET% & TR

BAEEIE O,

B U=, Z OIS O NI E T 55
427E§ﬁﬁﬁﬁA%Lf%K%éoit\
[F R (BRI BT o T i R 2 X 5 1R T,
kv, HERME (v = 11.36 mm/s) &3
BRIENIFIE—HT D52 ENbotz, - T,
AR TRELLLHRMBIT N ZLYTHD 2
EARENTE EbiT, EREIT AT D
LN TE,

@)ﬁ%ﬁﬁﬁﬁ (AFM) % FH 72 R

WUNTR R BT T DIRIR A = A 71 ABRKG
@ﬁ%ﬁﬁ%%%#étw\ﬁ%ﬁﬁﬁﬁ%
(AFM) ZHWTF ) A =X F—FDOREED

yd

)

Ug
X 4 RIEA = AT ABEED AW

10— ¢
Rotaional time = 15 min. '

Liquid: Ethylene glycol

80r| hy =20 um

70

60r

90r

%

50 e
a0}
gof e
20}
100

Ratio of volume reduction, «,,

L ]
 Theoretical ugy = 11.36 mm/s ',

0012345678910111213

Speed, ug, mm/s
B 5 KA =R Ty AL D S AW
JEE T R

—

Withdrawal

7??7§37775&7??7? LTI rrrrirrr7rys

X6 JRMAmEMSEE (AFM) (2 X 2800
A = A T ARG O REE R E

40— 71— 7500

1400

+ -
Theoretical
elongation of meniscus bridge

<Theoretical pull-off force {300

o Experimental pull-off force 100
e Experimental

elongation of meniscus bridge
Si0,-Z03-Air-SiO, 1100
R =0.5um, k, = 14 N/m
6, =0rad, error bar : 3¢

“““““

Pull-off force, Fp, NN
N
o
o

Elongation of meniscus bridge, I, nm

o

Liquid film thickness, T, nm
X7 A=A ABED A = AT A
77 - iR & O AFM JITERS R K OB
AL

ﬁmﬁmiof%ﬁéméﬁmf:xﬁx
2afE (X6 BHE) DA =AH AN LHE &
ZRE LT, £io, RIRFTEREO BT 2%
JEL7-BGmET VA REEE L, FEBRE & i L



2o FEBRR R L OB RE R 2 X 7 12w
T I6 XY, ERRE & HEER TR R
K—ELTWD ZEWRENT,

4) MBAIY >y 7 7 v 7 &EBE LR~
v RO FREfRYT & HDI O R EHEE O %
FRomEy , FHEEIZOWTERB LU
AR A WAT L CTITV, ERO R T 5
LTk T, BHioRY A mEE L, &
NH LD, R RHEROREN S
EEZLND, INLEIGH LRSSy R
DOFEEENT 7 1 7T AOBRICET L, ITF
BIRNEATHNAE Y f e X —2 K« X5
+ 7 (BPM) REAT R NERéE (HAMR) T8
FoO2~Ny ReTAAT e f 2 F =T x—R
(HDI) fiFHT DAY 7 vy =7 ZERL L 7=,

5. FlREinLE
(BFFEAREEE . WFZE 0038 M ONHLEERFZE 12
=)

EEamsC) (BH6 1)

@D H. Matsuoka, K. Matsuda, and S. Fukui,
"Theoretical Model for Lubricant
Pickup Considering Disjoining
Pressure of Nanometer Thick Film,”
[EEE Transactions on Magnetics, Vol.
48, Issue 11, Nov. 2012, pp. 4257-4260,
DOI: 10. 1109/TMAG. 2012. 2197735. (£ HE
)

@ H. Matsuoka, M. Kan—nen, and S. Fukui,
“Lubricant transfer caused by breakage
of liquid meniscus bridge,”
Microsystem Technologies, Vol. 18,
Issue 9-10, Sep. 2012, pp. 1607-1613
DOI: 10. 1007/s00542-012-1598-6. (ZHi
A)

® S. Fukui, A. Sato, and H. Matsuoka,

”Static and dynamic flying
characteristics of a slider on
bit-patterned media (dynamic

responses based on frequency domain
analysis),” Microsystem Technologies
Vol. 18, Issue 9-10, Sep. 2012, pp.
1633-1643, DOT:
10.1007/s00542-012-1601-2. (&FHA)

@ H. Matsuoka, M. Kan—Nen, and S. Fukui,
"Theoretical Model for Lubricant
Pick-Up (Breakage of Liquid Meniscus
Bridge Due to Elongation in Bridged
Direction),” [IEEE Transactions on
Magnetics, Vol. 47, Issue 10, Oct. 2011,
pp. 3582-3585, DOI:
10. 1109/TMAG. 2011. 2148106. (& A)

® S. Fukui, K. Hozumi, and H. Matsuoka

“Frequency domain analyses of a thin
liquid film surface by repetitively
applied stress (dynamic Tresponse
analyses by the long wave equation),”
Microsystem Technologies, Vol. 17,
Issue 5-7, June 2011, pp. 1099-1107

DOI: 10.1007/s00542-010-1214-6. (i
)

® H. Matsuoka, K. Oka, Y. Yamashita, F.
Saeki, and S. Fukui, “Deformation
characteristics of ultra—thin liquid
film considering temperature and film
thickness dependence of surface
tension (Three—dimensional analyses
by the unsteady and linearized long

wave equation),” Microsystem
Technologies, Vol. 17, Issue 5-7, June
2011, Pp. 983-990, DOI:

10. 1007/s00542-011-1223-0. (#&FH)

(%R GHofh)

(@O S. Fukui, N. Kitagawa, R. Wakabayashi,
K. Yamane, and H. Matsuoka, "Molecular
gas—Tilm lubrication analyses
considering boundary temperature
distributions,” ASME/JSME Joint Intl
Conf. on Micromechatronics  for
Information and Precision Equipment
(MIPE2012), 2012.6.20, KEY > ¥ 7
7 7 KF

@ S. Fukui, A. Oono, and H. Matsuoka,
“Flying characteristics of an air
bearing slider over a disk with
grooves and distributions of material
properties,” ASME/JSME Joint Intl
Conf. on Micromechatronics  for
Information and Precision Equipment
(MIPE2012), 2012.6.20, KEW > ¥ 7
7 7 K

® H. Matsuoka, N. Kitahama, and S. Fukui,
"Theoretical Study of van der Waals
Dispersion Force between Macroscopic
Bodies with a Periodic Material
Distribution,” ASME/JSME Joint Intl
Conf. on Micromechatronics  for
Information and Precision Equipment
(MIPE2012), 2012.6.20, KEW > ¥ 7
7 7 KF

@ H. Matsuoka, K. Matsuda, and S. Fukui,
“"Theoretical Model for Lubricant
Pick-up Considering Ultra—thin Liquid
Film Effect,” Intermag2012, 2012.5. 11,



T FH e N =R,

® S. Fukui, A. Sato, and H. Matsuoka,
“Static and Dynamic Flying
Characteristics of a Slider on
Bit-Patterned Media (Dynamic
Responses Based on Frequency Domain
Analysis), ” ASME ISPS2011, 2011. 6. 13,
KEY X T T TR

® H. Matsuoka, M. Kan-nen, and S. Fukui,
“Lubricant  Transfer Caused by
Breakage of Liquid Meniscus Bridge,”
ASME ISPS2011, 2011.6.13, XEYV %
VAV A N3

(@ H. Matsuoka, M. Kan-nen, and S. Fukui,
"Theoretical Model for Lubricant
Pick-Up (Breakage of Liquid Meniscus
Bridge Due to Elongation in Bridged
Direction),” Intermag2011, 2011.4. 28,
Bis - pdtEERSEE 2 —

H. Matsuoka, M. Kan—nen, and S. Fukui,
“Characteristics of Lubricant Pick—up
due to Breakage of Liquid Meniscus
Bridge, ” AsiaTrib2010, 2010.12.7, A
—ANZUT « R—X,

© REJAEE, [HRIKA =X 7 ARG OB
M), Hokl~Arna-F ) THEVUR
T A, 2010.10.13, <IZUP&E A vE
(BT . (FAREEBR)

(Z D)
NN
http://www. damp. tottori—u. ac. jp/ " lab2/1i
ndex_j. html

6. WFZEHEE
(D) BT g

FARE  JifR (MATSUOKA HIROSHIGE)
FEEURE « KB TR 2eR: - Hed%
W7e&%& 5 © 10314569

(2) WFge s

& %3 (FUKUT SHIGEHISA)
FEEUR S « KR TR 5e R - Bz
Whoe83 5 40273883




