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Fig. 1 SEM images of micro-/nanostructures formed on Si (100)
by various etching. (a) in NaOH for 5 min at 90°C, (b, c)
metal-assisted chemical etching for 10 min using Au and Ag
catalyst, respectively.
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Fig. 2 Contact angle of Si substrate with different structures. All
experimental conditions were the same as in the case of Fig. 1a-c.
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Fig. 4 Current density-electric field intensity curves of anodized
GaAs with different structures.
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Fig.1 Tribological properties of various surface treated
CaCO:; filled PA6/PP composites. (a) Frictional coefficient
and (b) Specific wear rate.

Fig.2 SEM photographs of fracture surface for various
surface treated CaCOs filled PA6/PP (=20/80) composites
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Tablel. Properties of liquid

electrical . . surface
o dielectric -
conductivity constant tension
[S/m] [mN/m]
Ej
Pure water 5.5x10 80 73
Saline
(0.9%,5%,10%) 1.6~8.1 50~80 73~80
9
Ethanol 1.4%x10 24.6 23
-12
Silicone oil (1cSt) | 1510 2.7 21
Table2. Experimental results of transportation
Volume of liquid droplet [ul]
1 3 5
Pure water O © O
Ethanol O X X
Pure water 3ul Ethanol 3pl Ethanol 1ul

Fig. 3 Difference in contact area
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Table3. Experimental results of ethanol and silicone oil
transportation

Pure water | Ethanol | Silicone oil

Maximum frequency

[Hz] 240 140 —

Minimum voltage [V] 65 60 —

Table4. Properties of liquid and experimental results

Electrical Dielectrid Initial |Variation |Surface
Transport| conductivity constant contact pf contact|tension
[S/m] angle [°] | angle[°] |[mN/m]
Pure 6
water ©) 5.5x10 80 120 40 73
Saline 110
0.9,5,10% O 1.6~8.1 50~80 120 30~40 | 73~80
Ethanol | O 14x10° | 246 40 10 23
S”g?”e X 1x10™2 2.7 20 10 21

== pure water (311)
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Fig.4 Variation of contact angle with applied voltage
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Fig. 5 Experimental results of saline transportation
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Table 1 Discharge conditions

Electrode | Discharg| Pulse Pulse
polarity |e current| duretion | interval

D.F.

#,0 20A 200us 200ps 50%

12 10 "
]
£ 10 g Z & Pure water < Pure water
g & Pure water S . . 15 icro-bubble
> g ) . = g O Mixed micro-bubble @
= O Mixed micro-bubble 2 s g
=}
g 6 5 S §
B o 4 ©
5 4 5 3 g
£ Q 5
& 2 L‘g 2 ﬁ
a1
0 . 0 5
Electrode polarity (+)  Electrode polarity (-) Electrode polarity (+)  Electrode polarity () Electrode polarity (+)  Electrode polarity ()

Fig.1 Machining removal rate (pure water) Fig.2 Surface roughness (pure water) Fig.3 Electrode wear rate (pure water)
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Table 2 Characteristics of Neodymium magnet

Surface magnetic

flux density Density Thermal Coefficient

520mT 7.3~17.5 glem® -0.11~-0.12 %-°C

Curie Temperature | Coercive Force(bHc) | Coercive Force(iHc)

310°C =859kA/m =955kA/m

Table 3 Discharge conditions

Discharge Pulse Pulse 0

current (A) | duration (us) |interval (us) D.F (%)
No.1 5 39 39 50
No.2 20 128 128 50
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Application of Surface Technology to Biomedical Engineering
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Fig.1 HUVEC during flow stimulation (wall shear stress of 1 Pa
-3 Pa) to be exfoliated (A, B). Dimension from left to right is
2.0 mm
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Fig.2 Photorithography
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Fig.3 L929 flows from left to right through micro slits between
micro columns. The bar shows 0.05 mm
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Fig.4 C2C12 is trapped in the hole. Flow from righ-t to left (1.4
x10™° m¥s)

Fig.6 HUVEC cultured in flow for 6 days: arrow shows direction
of flow. The bar shows 0.1 mm
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Fig.7 C2C12 near the multiple ridges after seven days of culture.
Dimension from left to right is 1.0 mm
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Application of nanobiomechanics to tissue repair
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Fig.1 SEM image of nanoperiodic-structured

titanium surface created by a femtosecond
laser processing.
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Table 1 Pitch, depth, and roughness (Rj) of nano-processed
specimen surfaces

Scanspeed Pitch[nm]  Depth[nm] R, [nm]

[mm/min] (n=60) (n=20) (n=15)
N50 50 331451 126146 4319
N300 300 49875 92+37 40+6
N600 600 506+49 7535 3244
N1200 1200 540454 55423 274

1h 6h

N50

N300

N600

N1200

E

Fig.2 SEM images of cells cultured on various specimens
cultured for 1, 6, and 24hs.
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NB00 Tl 40%FZEE 7=~ 7=DIixt L, N1200 Tid 70%LL ET
BV, MSCs DRIHENERY > T2
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e OB R LML, EEEEOBIMIE>TT 2
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Dotz N1200 ok ik L THEICE Yy TR
<, REPEL, EHLITHENNEVWERTHY, Zhb
D/RT A= PR B B T LIz e B2 bh
5.
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Fig.3 Aspect ratio of MSCs cultured on nano-processed
surfaces for 1, 6, and 24 hs.
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INEF O sE BRIFH REE, T UT
Sachiko ONO, Hidetaka ASOH, and Anawati

Keywords : Nano-/Micro-ordered structures, Biomaterials, Hydroxyapatite, Biocompatibility

1. 7ul=7 MZBIF BT —~ 23 DESIT L BEE

F A=, A 71 A— hV R — )L TOHEMROHEE
IR, BT IR 7 1 e RS < LAY 72 R Tk s o i)
AN 2 & BRI S, MO 2 HI4E L 72 P8 R e,
RSO B LS R S D &R B _ECoMlaRsE
RERAF VAT A~DIEHAEREL, 77—~ 1 TORFL
HFHE o T, TRk S - REHSRE 2 LT 2 s & o /R
HT &R 2, MEHE, A, BEBM B2 EofEa o
ME~DIGHAZ BT, thoT—~ L oEELZEL T,
Heflt - WO FEX D,

AT —<ORERICE T, FHEEROBA T o Rz L
5 FMAVE - TSR D0E VG - Bl 2 E A L, T
— Y E OB B RE IS B, AR CHIa R
HEDRECTHDIANA AT ) AV F—T 2 —RAEEHEITE
Gt TS Z LI EERFETH Y, il mME, £
REPRE, BB TN 2 M3 L LTV 2 AR, Mk
FOGEA~FRRMRE LT L0 L MRS ND,

Wopk 25 SEEEIC BV T AL Ti 2 EO4 B R L OvEE R
WAEMTXEG L LT, RITKBEKRFTOT /7 — NEB{LAEET
FRFEINCT ) A — PV — X — D L% FF OB LR E 1
WEEA 595, BT A—4F (B, BF, FZRL)
DI XY, EEREREOMAMEE (L, fLEH, LR
&, Hpk7e &) A L7 e g R AR A ERL L,
HERBFIE R TMET A 2 L 2 A EEOHEL L,

2. MIRESR X U LET RIS EIRE O Mg S
DR

BAOEIR, il Sl Lo Thbiviz AMEAEREDIEE &
DVTFHRICIFEZ L OEEMEI WL TE Y, O &
WIS CTEIR, T I v 7 A, BHFMER EREWSIT B
NTN 5, 1 TH AR EHIEIL MM A RRED D RN A
HEF O 80 %% HH TR Y, AREEMECAMRBEEN: 2 A
9572004 2 RELFERLEHGE D E SN TN D, 2
WETIZ %,ﬁ@@&%ﬁk&@ﬁﬁﬁwﬂﬁl%®m%%
B E LT, FH=TF ) Fa—TREDTF ) KR—T Ak
eoMiazgE Nk, RIS mmBECF X =T F ) F
o—7 BT RAT 7 iasE g d L O A R4 2 &
DME SN TE T, YHFEETIET / — RBRLIC K VR L
FHEEROILEHSOR—F AT VI FRMEE BSEMEE L
THHESE Ml 2B L, R—F ARSI 577 A— b
F—F— O, FE, FEH X 72 & OGRS R o8
BV L ORI B A 52 D T L ARG L TE R 2,
AWFFE T, flix OV TERBIKHLT / — RBBLEITH 2
ETH D T a A — 2 — CRIEHIAEE % L7
AR RS L, MR RS2 1C & 0 MRk oM & 2 574 L 7=,
R O8RS, AR X ORI RE & B R m OENn It E
72X 7 BXORI 7 e A r— L OREHBIERF Vo T
FIRRIE A & BB 2 T HFEIE OF AL RO 72 BITR O fRIF 2 H I &
L7,

WIZEERIE L7727 ) — bR —F 27 v I L
TOMARERICOVWTHRA Lz, M LIER LR —F 27

IV RIEORFEN R L Ok SEM B 2R3, 4
WEEAZTET 52 L THEK S5 nm 225 100 nm DR—F
ATV F BIE(BEE 1 pm) 2 fERE L 72, AR E OB
WEIEREOMMIRE <20, A0 ZEAICEERo%E
Enggsnie (M1, KA, ZNOAROELRLR—F
AR EC 2 AR LMo BIZRE 2 X 2 12T, ALEE
5nm 0)1‘9%? X&’H%J: iob\f, HHAE I XA ES 22 1L (Control)

1,
29
W]

{50
(AL

¢, %o
“6 ¥,

&
$o4
= -..‘A‘

X 1 REORRDZR—=FT AT NI FRED(a-c)EHE X
Q@-DigWrim SEM % fL&E (CEKEE) : (a, d)5 nm 6
V),(b, e) 40 nm (40 V), (c, )100 nm (80 V)

X2 ABROERDKR—TAFEEEICRITS TIG-1 Mo
ffRIEREEER2H H) (a) FL42E5 nm, (b) 40 nm, (c) 100 nm.

800

g

g

Number of cells X 102/ cells ¢
-
2

(=]

Culture time / day

B3 TIG-1 B O HEFENEI BT FLE D
(a) control dish, (b) L% 5 nm, (c) 40 nm, (d) 60 nm, (€) 80 nm,
(f) 200 nm.



—75, FLEE 100 nm O fE ETITMIEH E 0 MEL TR
59, MlRFELORELBEINT, HLED - ; Bl DR
T TIG-1 #la% 4 B L7-BRoMiasEmdhit 2 X 3
IZRT, 5 nmD 60 nm OFLEEFF O LIz Wittt
B B 2 R 0 L7228, FLAE2S 80 nm LI E D34 ik
AL DOWIERIMET Lz, /) A— b A—F— DL 2>
FEIBE A U T AL DN /N S R B | C B AT 73 4 B 5
BILOMBEFEELZRL, KIS S5 nm ORGRFL L CHRkE:
L & A O RIZIE R L Ol EmErE 2R Lz, 20
Z 0D, BEPTEERE O FLEE 60 nm LU OBHE 22 FLASHI
HIER L OIE O R 2 e+ 2 B RN+ THDH 2 LN
o,

3. 7/ —FBMLTREBEZHBE LT VL RAFOE
& 1E A EFTA

AT 2 L A RIFN AR T 5 7 v L H RO RSB FER K
(BARER LR i) L 0 LR & < RN 12 5
D0, ™A FaXxy 7% A NNELFHAp)DTERREITIK < #
A COEBBEAMEDOWE L BT D, YFEETITT /) —
REMEZANTAT VLR BICR—F 2 EEE2FO» I 7
o DL TER Y, REREEAIM)ZTT 2O
HAp RRED U= NI T & 5, AWFFETIESUS304 &,
X O iHEVEICEN HSUS316LAE T / — gk LB S5
FEM R OAEIE & LR OFRET &, BREUATR (SBF)RIE TD
HApHZ Ik RE DR 2 B & L7,

SUS304, SUS316L (Zxt UEiEEHI T TT / — NEMEIT
5 Z & THIER10 nm RRE ORCRWE D6 72 5 5L 20nm D
R—T AEENE R SN, —JF, M-Ik RIREGK
T /) — NERT D & TRIR 10 nm RBEORLIRYE H
LR AR 1.3 um, FLEE 10 nm O R —F AREEN R S
Too WREE B CIERL U RIS NI IR SR S e o 1o
ZEMNBR—=TRAERTH Y, HEB-BBILKFIRAK CE
LT ERIIAR—F ABLEETH D Z &b 7=, it
FEh I E I O Cr2t, Ni2t, Fe*' 2NE ISR Uil bk E i
LoTlibsibd Z & TCr KBt oiL7=(CrFe)0,
DALY 7 7 A% —INHERE S D 72 IR — T AL RIS
BT HEEZLND, ERmBEEICK L TAIM BLW
SBF FHEMEE L7, A4MIcLloTHR—F 2&m EAIM
RAUFLD R —F AV TIXSBF 21 THAp Hr 238
BEINehrol, F—T7 ABLEETIZAIM % 10 [HLLE
ot & TRROHAD B LT, R—F AL IEE
T DRLREREDII R — T AR E KT DR L Y
B TILERDNE S LIRS o T2 2 b, (R T X 3R
WOENHEBOZL IGENKEL DD EEZLND,
SUS316L IRk iz — T AR E~DHAp 15
W% DFRIFSEM 54 X4 127559, AIM RAFE DR E(a)
% SBF 278 L CHHApIIHTHE T, a2t L7z (b), 10
Bl DAIMBZ IR 100 nm DK, 20 [EOAIM IR
150 nm DRLIROHAp(b, C)AHTH L, Iz TSBF RIEZ1T
9 & AIMI0 [BCITRLRHAp %78 9 5k (e), AIM20 [0 T
AR EZE S EERODOHAp BT Lz, R—F 2k
FETIZAIMTH 5. L 72RRR OHAp 2R3 AE DT E LT
SBF JR{EMIC L 0 BOR, #EEROHAp 2T L7z & 2
bb, Lo TAIM TOHAp DGR ZT v L A~DEE
e 52 TTREIC L2 & S 2 5,

4. 2 TRV LEE~DEEBEIMEONE

Mg 17 HEBR B CREPE SRS AE R BTV IZ T TR <, AR
METHRTHD I LN LAERNTHEL THLEEMEREHN
ZERFREND, INFETIZ, MBERNZT - FOFEEM
LW B E~DOIEARRR SN TEER, WTFho
A S Mg O BIBIRNENZ LR EN TS, £Z T,
FEAEIZ L0 & & ok Uz LTl &l 5
72 Tnl, AREEEEMNETH Z EERAT, SFEED

MRICED~T7 27 LKEEZH SN T O NaOH RiEMR E
DT VH Y ER A5 Z LT, SBF O HAp HrH A KiliE
CEINLSZ R R L,

o "
‘n'.*

4 SUS316L EAR—F ABVEED T R 2 A MM G5 DF

[ SEM &  a) 4LFE72 L b)SBF ZIE c)AIM10 [1]
d ) AIM10 [+ SBF 2% e ) AIM20 [1] f )AIM20 [l + SBF 2

5. S%OBEHE

i 2 DEEE L ONERREIAT G LIc) /o~ A 7 ufl
AREE DS A AEEE U THRE 2 R 2 R ORI 2 B
i L TAR O RMAYRRII 2 M3 2, FrCMilantzs, 1
T KM RIERE L AP B R I ORNEE 13T B LR
7\ A= ORBEEER A & O o oS & & MR
K FEOHH AR 22 PR O OMER 2 L 72\,

6. WAL 25 FEEREY X b

EFT &R

1) S. Ono, S. Kotaka and H. Asoh, Fabrication and structure
modulation of high-aspect-ratio porous GaAs through
anisotropic chemical etching, anodic etching, and anodic
oxidation, Electrochimica Acta, 110, 393-401 (2013)

2) H. Asoh, K. Fujihara and S. Ono, Sub-100-nm Ordered
Silicon Hole Arrays by Metal-Assisted Chemical Etching,
Nanoscale Research Letters, 8, 410/1-410/8 (2013)

3) V. Sato, H. Asoh and S. Ono, Effects of Electrolyte Species
and Their Combination on Film Structures and Dielectric
Properties of Crystalline Anodic Alumina Films Formed by
Two-step Anodization, Materials Transactions, 54, (10),
1993-1999 (2013)

4) K. Tateishi, H. Ogino, A. Waki, T. Ohishi, M. Murakami, H.
Asoh and S. Ono, Anodization Behavior of Aluminum in
lonic Liquids with a Small Amount of Water,
Electrochemistry, 81, (6), 440-447 (2013)

5) F. Rashidi, T. Masuda, H. Asoh and S. Ono, Metallographic
Effects of Pure Aluminum on Properties of Nanoporous
Anodic Alumina (NPAA), Surface and Interface Analysis, 45,
(10), 1490-1496 (2013)

FRBLRR L

1) /B=ev, PHEZE, 7 — FBbAR—F A7 VI F K
B AWz ) a o s Gk ), R,
65 (1), 18-25 (2014)

FRER

[EBR R 10 4 (NIRRT 4 1)

[EI N R 23 1 (NIRRT 4 1)




II. ¥rieERE « BEDOTHME - =X NVF —ZEF~DILH



AR—Y Pt RETE A O DBASE

Development of the functional fabrics for sports

(i

[E—RE, ZKEp

Fake

Shinichiro ITO, Akisato MIZUNO

Dept. of Mechanical Engineering, Kogakuin University

Key Words : Fabrics, Drag reduction, Sports wear

1. # B

LY — L — P — | TRGE SN ARG TKE DX
BAIRECH L. LY=L —H—LF A XY 2D
SPEEDO #123B%& L= BBtk kG ThH v, 2008
IR EINTZZOKREEER LIRTR R~ LR
SR E T LR L 2o T, T OGS RS AT
HERV T VLE T 4V BEIRT T2 T 4V BFE6F
oy k00, ZOMRITEEEBIIOB &, KT
R D EDHEIOBREE LD LD TH -T2, IHIZ
ORI Z 3T RS &) ) FEZ AW T
AKERMEINIFAEMIMPBFTEL TRl Zilh

OGBS L 0 Z OIEREGUKE I IERE L Tz,

L7>L 2010 4F 1 HICHESAGE (FINA) 12X 0Kk
(T & AL e RS - fRde - <& D
TRRTOIIMLINHZMNRESND Z & L7 b,
RY T VLE T 4 NV NEORREMIIEHTE R 72
v, L—W—l—HP—FFEE AR KETOMHEA
[ Ay

L, b—P—L—H— R G 2 2B K
XV EBDHZ LTI H A DENEEFTRETH D Z &N
Lo T=DThD., ZIUTL VRSB EZFLE LT
B & 7oRFZERED -, Luth & Vi 2 F—> o~
DI & L TP DB 217> T 5.

AP TIIATHIOFEAS, KN TOMEDOE,
RIOEN VEIZ L D IRA IO b 28588 - BEL,
D AR— VNI T OB Tl B 242457
HZEEBEETB.

2. REAZX

2.1 EMEER  IKHUCIIRIC X DR & R
PR X DEEBIRPLD 2 R B 5. ELORRREIZ Lo
TS BIE/PUCE U CIEEER, MEZRE 5 —
KRR FEBRIZIN T, LA VA (Re£0) BN L T
< EHUWRBDN ST H RT v 77 T4 R &
WO EBREI STV S, Achenbach? | I [E]#AER - %

T HRREREIT, RT v 77 T4 ANFRET S
Re 22(FE5 Re 20750 3x10° ThH HHA R L. 77,
ERICHE A 52 595 CHRAR Re BoMK< 7o 24 bt
Lz 3. Z OB 2RI U TR OB 25 L A4
PIEbE UTHYRENFRETH S, Z ORI
DTFRITHGBIT 5. —J7, BEEHEHT L R OHE 2B
fRL, HEDORE ZIZHPBIT 5.

PR RFIRAR L IR D 380%380 DEEEMT
1124 AARELRIER 2 VL C, Bk % 6~30mis T
Imis T LB LS EDH 2 ETLA VA EEL S,
HEAATHIA BT 114 DY E A FHIfE O
ZEHI L7z, Fig. 1S3 E T2 S D St SRl
FERIEE OB T-%, Fig. 2 [JI3EBIRE A3 5 27
T SRILE v T

FEERP TR AN IS Tt 255 0 (A 7= Ffa o A
DEEEZFHT 570128 v T 4 o ZTRBOT 75
RS D T & TARH D FEER T2 S HA L 7=

v

B e e - - - (D -

Fig.1 Pressure drag measurement system

Fig.2 Friction drag measurement system



2.2 HtEMibERER  SURAME A — o — L R
SN-RIMHE, #10 B OMAS DR 2]
Wiz, TRl Th > TH DOREROENT L
V2T DB FH L7z

3. EBRERBIUEER

3.1 EHELFRE Co HETHIEE A TDOHEM
FOHLOTIE, FEEBREEOHEEHRTIINT v 77 4
VAEAZ TIINROD, FAOMEICZ L > TRV
DTIZRe=04X1° DY TS KT v 77 T4 AN
FELTNDZ ENDMND. ZHUu Re s £ 5
nTC, b bElEIEE DI ON CEHBEE L
TRERBITER L, ZAUlltEo CHBERA > M Mgy
TN, ColEDZEAN Re DRV MEI TR Z 5 7= H D
ThD. MER%O CofElIFEmOMEIC L > TRraIZ |k
Do TWAERT DR LNT.

3.2 EEERFHHC B ThIEE A T OFEH
DI BIEVMEZ R L2, a ORI DEE D |
MBICON TR ER > TOLSHEFRI D1 5. a
VLB DE\ M Cd > 7228, RS
IR AT TR - TV, BRI R R
JE G ELEE BB T DIt > CTRELS D, 1l
IV DA CHIR <, FLEEIZ X 0 BLiEEE 5
JE~ERBT B AEMO CHIm T VNS, F TR
EHUBI L TIE Re HEZEIIRE RN & b0
7-.

3.3 REHDELY JEIEPUTHBER A > b OENT
K VBT B Z LITRPRICIR 7= LB Y TH DN,
Fig5 (R & 9 208 B 2RI 2 2 & THElnIc
LB 2 A S, PUhERT O RAEITo72. #
WHEMEIZ—EL L, OB L > &5
Fiha 5 17T, B Re BCHBW T RT v 7/ 75
AVADNFREL, TOFFOEBHIZ MR- TNDZ &
MDD, HBERA > N EEE S 52RO H HfE
Bk BB Z ED30mb.

5. #E
i AR H DT DV C F R0 A R A .
(1) EDHEPGEH T, ZEOMNAHIZIB W T R
T T TAVAEMER Lc. FEINTOENIZ
FoTHLRRDZ AR L.
(2) BREHERPLRHAICIE S 3R O R H ST
EAREL 2%, SLRREED b ORI EERT
MRZ N,
@ EIEI AT C SELDHKOH 58 B 237
ETDH L aMR L.

0.2 | == = =b =l=g ==j =—#=n =—DNull

0.0 0.5 1.0 1.5 2.0 25
Re |-] [ % 109]

Fig. 3 Pressure drag coefficient
m/s

[*x102] o 5 10 15 20 25 30 35
2.0

’ =3 =Cm=b =O=g ={=j =—=n —.\'ull‘

0.0 25

Re [-] [ %109

Fig. 4 Skin friction drag coefficient

04 | == Sewing(equality)

== Sewing(inclining)
02 | —_~Flatseamer ~—Seamtape
- ——Null
0.0 | T
0.0 0.5 1.0 1.5 2.0 25
Rel-] [ % 10]

Fig. 5 Differences of pressure drag among
the differeneseams

X 23

(1) S.Luth and L. Oggiano, L. M. Bardal, C. Saeter, L.
Saetran , Dynamic measurements and drag crisis
hysteresis in garment aerodynamics , Procedia
Engineering 60 (2013) 99~105

(2) E.Achenbach: Experiments on the flow past spheres
at very high Reynolds numbers, J. Fluid Mech. 54,
(1972), pp.565-575.

(3) E.Achenbach: The effects of surface roughness and
tunnel blockage on the flow past spheres, J. Fluid
Mech. 65, (1974), pp.113-125.



3.2 [KIBDEBRNCEVAERIND L T 4 v 7 Vv NOFEIRHE
Flow Characteristics of Synthetic Jet Produced by Bubble Motion

ek JEKEE,

R fniz,

B et

Kotaro SATO, Kazuhiko YOKOTA and Hideki TAKAZAWA

Key Words : Synthetic Jet, Bubble, Electric Discharge, Stroke, Onset Condition

1. HE

YT 4 v Ve y MNIUEGIERORERE L CTHIR & E -
T, 16K, EMEROAERIZITRSSEN 2T 7 71
THRANDITER, kT 0 v 7 V= MIEREEN
IO/ « REAISE L QWD AE—IR0F A T 7 T W%
FIH LT 7 Fax—2 BN EiThD. iz, Fal IR
JEE: EE BE LTSI R~ FRIC LB T 4 v D
v N T Faz—Z[1IRBLRINTNS. LL, WIThoKs
RZBNTH Vv NOFEMRFAEGHEOREA N =X 2, i
BRI TS 7o RIAZR VD72  Zpufih, K& 7dEihiE 4155 =
EDVFEL VR EOFREL S ESIVTOND. SHICBRTRESh
DHEEN VB D DEERISZ DT DI ISR R L 5V =
v MEBUAEOHN IR RIK T 5.

AHFETIY, RHHGE CRAET D XTaDIIEREEZFI L=
T 4TV N T Fam— R AR, F ISR,
AR U=~ A VY as ot T 4 v o Py MeERE BEsT
AR CTRIELT-V BT 4w Iy b T 7T 2m—2 NG
TSN D HESIADTEEEHI OV TIND & & bITERS
Wiy orv7 4 vV y NOBBBIERAATS . ZHVE TOWE
TR T 4 w7V y NORBAETIROLA Fa—7TRkE K
FTBZENALNTR>TNDZEND, E\RITTA hn—r &
WERTTHRES & DRI OV TR A1 T o 72

2. EEBRERERUAE

A CTHWCERERIL 2 o7 &M A BT D FmE
[EIETH & BB SV A G B & A S D BRI B 725, /3
VAR OSSR ORI FET O — MEBIZAL S
1% Function generator(F/G)7>H DN X e s, o
EERIE ISk DC~25MHz, et 7 ) 7 L—h
100MS/s @ Digital Oscilloscope(PDS5022S:0WON #1-) & v V7.
Fio, FEEE IR Lk L CRIE rIRe72 Current Moni-
tor(Model110:PERSON  #1:84) % F vy, & HiJ)(10A /1V) %
Oscilloscope (ZHRVIAATE. KIAK Y = v F OB TEnEE
77 # F (Photron FASTCAM-MAXI120)i= & 0 #55 214477 £
72, RFERCHERLIE 2T 4wV b e T Fax—
2% Figl \ R
o oi v

Positive Electrode

Neﬁﬁve Electrode

Fig.2 Schematic of a synthetic jet generator

RN T4 CIE, FNFERE 100~200V DG, TR
B~ um CHERAES Z 5 2 LD CnND. 2
D=, BTN THE LT — & WO ©
BRE ST N TARY T 218 0 IAREAT, EiEER L C
W5, LinL, AFEBREE CI—Eo/VibE FEBI 57209
— P AT, ITHEPICeBHERAT S 2 & Tl
JEEE B L. TR SUYETRAT S Z & TGN
R D LGB [A838 D Z LoD, ABBETIIINTIRIC
Si B LA EIRA LFERZ T 72,

Nomenclature
t: time [s] f: discharge frequency [HZ]
t,: pulse duration [us]  R:bubbleradius [mm]

I-dischargecurrent  [A] Ry maximum bubble radius ~ [mm]
R*: Dimensionless number of bubble radius = R/IR,

3. HRERUER

Fig.2 | TR RN TR O HFERERICITT SI, Al JRED
WA R AU =100,200,400800Hz T D, 723,
ATOZMTHIIEMRIEEEX 50um | Z8%E L CHEBRZ T 72
KRBT Sk, AUBRZIRAT D Z & CHERMEED M
EL Q0B EDHERTE D, L ZATHRINC LTSI LY
AlTREEDS 30% &2 5 &, HEMERIMET LTV DERFAMAZ
5. ZHUTSBBRIRENKE <722 EINTHIEAZ U —ic7
52 EMh, KUAOEEIFRIBIZ/R Y, BERMONE OGS
EMENRICHD L2 EITRET 5 & Ebivs.

Fig.3 I EERSAT Ip=50,25A, tp=250,50us (Zx[457 7 T
2 T—4 N CORIBO RO Z(L A 7T, s,
Rayleigh-Plesset (DH[B]DFFAERASEZDT2DRT. Wi
FECHRIAREERE L, TOBBELTRY, 7/ Faz—%
WTL T4 v 7V y MBI ER ARV AE LT
DT EMHEERIND. TR L, REMHECIERIAOERRHE
LT/ ULV AERRE WD, WIS &I AR AIE D,
Rayleigh SYADIEENE D 4 FLL E L 72> TN 5.

12 Ja[fiz] | partice
O _100 Si
1.0 O] 200 Si
A 400 si
0.8 S 1800 Si
®| 100 | Al
i W] 200 [ Al
A 400 | Al
o & s00 | Al
0.2

Consentration [%]

Fig.1 Probability of electric discharge



LIA] |l s]| Rulmm] | To[ e s]
[ ] 50 250 1.84 1600
12 * 25 250 1.46 1200
A 50 50 1.31 1000
1.0 o, | | 25 50 0.82 533
15 [u % —_ Theory(Rayleigh-plesset)
08 | Aty
A 8o,
% 06 AG 1\ o X 30 a
¢ / \/ 9a o8 O
04 O AA
A
o |
0.2
00 fh
0 1 2 3 4 5 6 7 8

T
Fig.3 Oscillation of a bubble produced by single
discharge in the actuator

~ o

(a)t=0s (b)t=0.0103s (¢)t=0.04675s
=0 =21 1=9.35

(d)t=0.0703s
=141 =19.2 1,=21.15

(¢)t=0.096s (N 1=0.10575s

Fig.4 Sequential magnified photographs of synthetic jet
using bubbles (K=15.48, Re=674, t ~0.37)

Figd II5TAOFIIARENC L R EnD vt T 4 v o ¥
= v hOIEBERPEEN O mE R CTh 5. © d=0 OFERIE)
DRJAITAER END. HEBKEMIL, 1p=50A, tp=250us,
fd=200Hz TH 2. A TIIEIAER & FRHZ ALREF23T 7 T =
T— X N DIEHT 2 7o ORRRGE & & HIT TR TS
ARSI OO BT SR T 5.

EREEE T A T D% ALRIT-218BF-5 Z & CTHRH L&
SR A Fig5 \ RT3, RO SHEH LTV AT
O, YoeT ATy FTHLTH/ AVHAEET 0 12
172> TR, ARFBRSHIF Tl ) AT COMEI TR
EERSOERE Ip GOA, 25A) ([ZIRIFT D H DO xb0=20
TITEEDEWTIZRO BV, LinL, T—ZE bl 3
A DN TS B OBETH 5.

4, #E
WHREENC £ 0 AR SN D KIBOIEIRE 2RI LT=s v
YT 4TIy N T I F a2 —HOFREIT, TI7F =
T— X NERCAERR ST RIA N O SNV = v N OREGiE
W TR AR A2 UL MO
(1) INTHE P ORI KIET Si, Al EEORELZR LT
Q T UFaxm—HPERER SN KIROER AR L,
J R OGSO LA RAE D - 72

(B HESIBICIVEREINTZY BT 4 v Yy FOild
TEREENV B L, SRR T-OMENREED DI 72N ET
HEOREEAT T2

- LIA] [tns]| K | Re | =,
L0 A 25 [ 50 [138] 180 [033
A | 50 | 50 [s558] 720 [058
0.8 o | 25 [ 250 [ 766 [ 900 [0.72
- @ | 50 | 250 [1548] 67 |02
=06 S| 50 | 250 [15.48 ] 1345 | 064
2 & | 50 | 250 [15.48] 2020 | 0.96
0.4
02 ] #
» $ 4§ s |
0 10 20 30 40 50 60
x/by
Fig.5 Variations of trangent jet velocity at center
5. &E 3

[ /NI S TR vt T 4w ey NV Fax
— XL DEEDLY O UIGE, B AR STRUE b iR
Vbl.69,N0.686,(2003),p.2237

2] HIEIED>  AREE A S % IV - B C B D AgR (s
10 #R), 2006 EREESIN TR R U

8] FEFIID  ARBNINTHIC K B HEL T, EXnT
223k \Wl.25, No.49, (1991)

[4] FURIED>  IARIRNEIN TSI BIRAKAR & iR
OBk, RN T K28 K e 5 8 36 SCLE (2008),
pp.361-362

(5] MELES : v B —3 a B, HEEIE, (1990)

[6] Holman, R rt al, AIAA Joumal, \ol43, No.10, (2005),
pp.2110-2116

AT E L

(D TRRESL, TRFR, mEEdT, RS, e —,
R AR A U ANLETV ORI, AR R
a6 EAR, YeRdE

EpRERFER @R bET)
(1) Masanori KUDO, Koichi NISHIBE, Masayuki TAKAHASHI,

Kotaro SATO, Yoshinobu TSUJIMOTO, Study on Flow Charac-
teristics Downstream of Annular Inlet Guide Vanes, ASME 2013
Fluids Engineering Division Summer Meeting, July7-11,2013, In-
cline Village, NEVADA, 2013

(2) 'Yuhei ITO, Akira HIWATA, Kotaro SATO, Fundamental study on
oil mist separation in swirl flow; ASME 2013 Fluids Engineering
Division Summer Meeting, July7-11,2013, Incline Village, NE-
VADA, 2013

(3) Koichi Nishibe, Kotaro Sato, Hideki Takezawa, Donghyuk Kang,
Kazuhiko Yokota, Investigation on a synthetic jet actuator using
bubble produced by electric discharge, Int. Conf. on Jets, Wakes
and Separated Flows  September, Nagoya, 2013

(4) Masanori Kudo, Masayuki Takahashi, Kotaro Sato, Donghyuk
Kang, Kazuhiko Yokota, Control of Flow Instabilities Induced
between Two Parallel discs, Int. Conf. on Jets, Wakes and Sepa-
rated Flows September, Nagoya, 2013

fih 2 £



3.3. FREIHIMTEMRZFH LB LaEWEEE DA & s
~PREIN T X 2B LB O M _E1L & HE~
—FRBR I RIS TR ERE SR B E—

Creation and Application of Phase-Change Heat Transfer by using MEMS Technology
~Enhancement and Control of Phase-Change Heat Transfer by MEMS Technology~
—Condensation Heat Transfer on Micro Structured Surfaces—

KT ¥ (T - B LR
Hiroyasu Ohtake

Keywords : Condensation, Drop-wise Condensation, Film-wise Condensation, MEMS, Sputtering

1. &=

BGEIRTE:, &b, M2 bz BWiE) & Rimfek &
DD VIR, BIEIE, NEE LICHEET A EHICT D
HIE SR -&EMD, KA TOR MR, KRR
~ERETS. £, BFEICBWLTYH, BElmOTENEIC
X0 BRI - IR ERE IS 72 0, IREERE D BVE BheE )
TR T e s bW ok o, FmEERIC L D,
FIEAUREAO BB EIRE ) O 1 _ AL A FIRE & 20 5. K
eI, MEMS HifizFIA L, RAEERRIZ, v~ 7 oI
F ) A= M A—F—OMTEN L, HBOTES, REORE
FUEZ BT 2 2 & THREE S SRhom b & HilE %
X5z ExEHMETS.

EREREMC OV, I Lo EMEEER S A 2
EERHME L, B ~EREIEER] (70— %) OBA04e
A XERT Y, WA OREMIRE 2L S W 5 FIENE
£ EHNTEED, LaLanbEME, ke
10, 000 FEFIFREEARGE T2 = L XLBE L SND S DD, —fikhY
ICEDOFEL BRI IREEE 2 Rt S8 5 Z Loz LT
RV, FRs, L¥E LR, B UTEREHESAFIH SRS,

—7J7, IO MEMS Micro Electro Mechanical System)f
oZEICL Y, REEEDOHEIERZ (LS EE 2N
AREL 725 7=@ . F 70, MEMS B2, JERERNE I A{bo
—PEERV D, AR TIEEO—fFIE LT, ANy XY
YIMLERWT, &RFE RSB EVR I X9
R L7, BRI, SEGRBMOA NNy Z U I IILENE L
T EEEE CEEE SRR 21TV, SRR 4R IR B s
WA EMEA 2B, T2 b biREEE RN ER SN D v E
D (BUREERE ) 2 BEBRAIZTIARS & & big, EREMmERO
EEb bR L7z,

2. EBEERLUFIHE

FEREE OWIE R % Fig. 1 1273, FBRIEE L, BiEas,
KRABERMAE R, BEZEPESRHEO O ST D, EHEE
I EFEEETH D, BHETH M T v v 7 1F oI
SN TEY GBS RY 4 TOMET — 7 THEAESATWH
%, EHEE & & TSR 15mm, £ & 20mm TH L. il
BERA ST X 0 IR A S, @SENCITSREICER Y T 72 ~oL
FrHFFE AN, OV TF = B HEE OB IEINITR
KERMWS., BZIIRA T—nbE L TRy, #aKicix
flik & -

R T A NI 99.96% DL T, Ik % Fig. 2 (2R T
i7" 1 > 71213 10mm R T KB L — R BB BRI A SN T
BY, MIEMEEALIEERRD 5 2 15 K QNS < O G R
ZIWIEDO7—) ZOXEFHLTRDS. 27 X MIE
T TR SN TWS. ERFIEL, BEEAGRNOTR

W @
" -
é 1c) (p
TC
gc swont View Window o
ower Supply /iew Windqw
- ondensing
Surface D:l
) Exhaust
—o—
D ® Drai
- ST 1% Drainage
e {®
= (©)] Exhaust @ ‘?— Ol =

Water Drainage

@Evaporalor@ﬂeater @High Speed Camera @Condenser ®Peltiert Device
®Rotameter @Pump ®Unit Cooler @Tank @Trap @Vacuum Pump

Fig. 1 Experimental apparatus

HIouy
—" { KBS —REE
e— EHBEE

— REERET—7

NILFIRF T
FILEZ L
Fig. 2 Test Section

BEMETE T R B HZER o T THaRE LI, RBREThHD
FAFIKZAKEWMAIE I —ED b LEEAIRICIMA S HE 5.

ZORE, WA LTSRN B R L, A PR
DREEMEH A ZRERIZT X D ImAD (K5 mis OAR)
k. U EOME[RNEST-%, 7 vy 7 OmAIEZBET
2. FEER, ZEKUTER A LS L, BEE A #eNIE /123 0.1MPa
IRz D L9, REZFEKIIHERAFZE L CTHER T 2. B
W) EIREIX TV R UEE RS KO KRBV T TEHH
AT 9. FEBRIZ 20 PERIRREEAEGE (6 RFMI OO SRR T:, MR
BR) L, EEfamE ORI A IC o S BEEN G LI
T ITmEER A TR 21T 5. EREMNTH 2 EEffi
I OF MR 5000 F O AT ) CHE X, ot b
7 vy 7 REBLOZOEIZCr & TIiORy XY T
INT % Jiti U 7= 45 Fl 4 JR i b 5 .

3. BERERICEE T 2 #Em

FER L VG OB EER A, L CHEREITO -
DI, AR 72 Nusselt OBLREL R A M0 BB i L2 Al
IEL72 O Neill & Westwater DA LU TFIZRT. Kk 13EVRE
TIWIMPK], pr (T EE[kg/m®], g IXE RS, heg (2RI



BAkIkg], L (TR R S[m], g 1 XHMELREPa-s], T,
ARRUREIK], Ty (REEREHIRE[K] 277, AT f I
e, g 3B ERT.
1/4
k:f;pfghfg :|

L/uf (Tg _Tw)
4. ERFERBIUBE

Fig. 3 ([ EBRBAMAEL % 36 L U1 20 B RIFR S EBR AT -1 D
e OB &, Fig. 4 & Fig. 5l 2h, B Ll E
DORfR, BMRERLEBEOBEE/RT. Fig. 3 b, FEB
E#% [Cu-bare(Cu 7' &2 27),Cr(Cr A% Z) ] IZBWTIEEIR
B2 LTV Dolext L, [Ti-bare(Ti 7w v 7),Ti(Ti A%
v AV AT O TEBRER & 72> T D . £ D% [Cu-bare]
EEMEH X 9 FILL LA KBEECE DI, Fig. 4 2B\ T, iR
B IR ERERF & EE R 30(WIM)RRER T LT\ 5. ZDJFIA &
LC, JdRERE 22 LT 7= Cu-bare Zifi o A ek H 2 W22
R)PBERZOEHIZ L VERESN, Cu AKROEFIETH D
JEREEEIZ RSB LT B 2 bb. U2k Y, 20 I
MR U= B X [Crl] LIS N CIRIRERE & 7o 7. i
RIAT-EBRTHE, £V EWVIBHEICBNT TCrl DR
TEREIZMRIC e DFERNH TV A0, 4%, HREDOEBRT
DU 7 EWRIR & 2R DRI OV TR S,

TR & L2 BRI R T, Figd [OoRd7i@ Y Biah
fE & EMERIC—ELTEY, HEERVWEEEZTRL TN,
Lo L, BRRERNE & 72 o 7= Cu-bare (23317 2 5l % Lk
VMEZTRLTWAD SO0, Ti-bare LT Ti (230 TIRERE
TEREAS PELIREENG & 72 > TV B DIZ b b S P B W, Fig.5
DOEVRER L HICHRME L HEEWEEZ R LTS,
ZORBEOFERE LT, [Tl 228y ZRFA 0, EEfEmEssy
WZE7 vy 7 BB U2 2 R0, BEmmEAS/NE L, K
WL 7p o 7o 2 & CIIREENER L RIS OBYRER L7072 2
ENREBZLND. A%, Ti DAY BB L AEROLY
B LDIENNT, B mE R OMFTHE MR O E B 52 R L,
BITE O UMM £ 0 RO K X W ERMET <>, AFM(E T /1864
)& AT B A S D ORI E R R TH B
5. #EER

Asmm O T v v ZIZ ANy F Y T INL T4 R
fE TCrTil ZhE L7-dEFEmR LRy 2 U > 7T % i
X720 [Cu-bare,Ti-bare] TOEeHEEBRZITV, LLTOFEH
o
(1) EBRBALAD D 20 KEf#RE%, [Cu-bare] DEEMEFZAEIX
7254k, L, [Cu-bare,Ti-bare, Till 1L KRG A< L7=2%, [Crl)
VIR VEEAE 2 MERE L 72,

(2) [Cu-barel IXBERIREEME I W CHGHEIZ T WK &
R UT2AS, [Ti-bare, Ti,Crl IZRERIRERRME, WREEE VT L HEL

(e) Cr (f) Cr 20h

h= O.83404|: @

(d)Ti-bare 20h

(h) Ti 20h
Fig. 3 Condensation of the Block Surface

= = = Nusselt Equation
= = = Nusselt Revised
by O'Neill and Westwater
® Cu-bare(DWC) < Cr(DWC)
Cu-bare(FWC) v Ti(FWC)
Ti-bare(FWC)

Heat flux [W/m?]

" 1 "
0 10 20
Surface subcooling [K]
Fig. 4 Heat Flux vs Surface subcooling

[E=N
o
<]

=
o
[o2]
T
[ )
#
o
o
1

~a o
-----
--------------

H
o
~
T
|

(=Y
o
w

Heat transfer coefficient [W/rT12K]
S
T
1

o
[N
o

20

Surface subcooling [K]
Fig. 5 Heat Transfer Coefficient vs Surface subcooling

W, BMmER IR E O S m VW EEZ R L.

BE R

(1) MIR—ER, BN IE 0D d5eolt DM - R e 2 o & L
T, H%i&, Vol. 78, No. 678, pp.439-445, (1975).

(2) BABM =, A TR QTGRSR  pp.119-130,
(2009).

(3) FEEEAT, REMAMNEEIZ L DIRAVIEDOHIE, B A(GEL
4> Vol.46, No.194, pp.46-51, (2007).

(4) Jun-De Li, Mohammad Saraireh, Graham Thorpe,
Condensation of vapor in the presence of non-condensable
gas in condensers, International Journal of Heat and Mass
Transfer Vol.54, pp. 4078-4089 (2011).

K. Yamazaki and H. Ohtake, “Study on Condensation Heat
Transfer on Micro Structed Surfaces, Effect on Condensation
Heat Transfer of Metal-Sputtering Surfaces”,

The 21* International Conference on Nuclear Engineering,
ICONE21-16315, (2013). (IZ7> 2 ##)
FRRR

KB« KEF « RYT - BRI, BEMEPVRIEIC KT T AR d
& IREIE DR, QA BREEE 20 ks - S
£, (2014-3).

ANH - RPT - BRI, IS EMSEE OB &R, 25 51 [\
HAAGENS AR A (2014-5).  (1E2° 6 #)



IV. FifRERE - BED~A 7 Al hu=r R5E~DIHH



4.1. AMOREEEDOHA L vy h~DJEH

Functions of Biological Surfaces and Their Applications to Robots

A
Kenji SUZUKI

Keywords :

1. 8

M DRIENT, B2 & OBMERBIESEEZ T L TE
D, ZOREEIZL - ThEA 2IEZ I L T D Z L3 b
NnNTW5, AF—<7Tix, MEMS D~ 7 e inTHf %
FIA L, e, & ICRROFREZ AR LM
EMLL, YO EZHFHT 2 Z LIc kb, RO L
HEREDBIR 2 S IcT 5. BRMICIZ R RO 51
KM, AR R OP OIS I LA KO R Lo
BL, 2o EsS MEMS Hli72 & AWCTHBEL L, fix
OHREZHBLEE . £, BMEL-MifEZ e Ry b
FHENZHWTOMIa Ry FZ2AALSLT, PN S HRF, K
B, BEE AT & BB L R RIS RE 2 T 5 BB E)
Ry NEBART S ZnbouRy hOBIREEZELT, &
MOREEREDFHBEOMII 21T 5 & & b, Hiz K makat
DOFaEt 2 L, tho T —~ ORFZEe TR ~OIE A 2/
P 5. FREE LRy R ERITCAER ARG CORKH
NS, ER, ~VAFTEISAT 2 BiET.

2. TAVROMEZHEE L LBKRET

PR 25 AEEENE, T A VAR ORHIER E O MBS 2 A L L
T, By NOBIZAWS BT A v O R m IO 7210 T
i L CHEARIb L, Kl b ToXF, SIEBELS, Bl
ERMETHZ EICEY, T A ROKEBEOFEL DM
Eiiole. TAVROMOREIIZEOEBIEDNLTEY
ST Y 7 ADLE ) e EE W T 5 2 &1 L o T
KMENERHENTHEO, ZhFETIITAVRERTE Lz
KEBEI R v MIOWTEEX Z2BF5E, BRI THhI T\ D
NO LEEEDT A RO OB 167+ 4[degl® & g3
HluRy FOMOBKIETEELE > TND. T2, TAV
NOBEOBEEAENKEBENIZED X IZFHELTHD D0
WZDOWTH IR ST,

ARAFFETIE, B 1.0mm OERBORMAIZIT = A P L
— W —INTHZ AT, 2NN TEjmL, 7 A RO
i 2 4 U 72 KM O @ WA BUE L 72, 2 LT, RiEOMK
HIREE AN, B oOBKYE, KETOXES, JIEHEEL S, Ko
PN RIF T B A BRI X0 7=,

3. BKMZFEMORE

T A RO AR LT U A VIR O K & BLE B 7
», 10X HICERE1.0mm OEFRRE AT v B/ E—
A CEERES RN S, 7 = b Mh L —P— NI L 0 gk
KON LEITo7. EBIC, MLLETA PEREICT v &
FEAK FS-1010 BRE&t7vnsy ) oo—#l) &g
BEICE VM Lz, OWRSA 13um & 28um @ 2 FEHD
A A BAML L. MILEtaHE 110577,

4. KO, KE ETOXRES, BIEBELA

B A, B &, RO 70T LTV W ESRAR T
AKF| (FS-1010) =845 Lizb 0, BEL O H &AL T
WESRBR A FWT,  HoOFRREOKOBEAAZHE L.

Bio-inspired robot, Functional surfaces, Microstructure, Water repellency

Laser

) 9 o

Fig. 1 Laser machining on the surface of a brass wire

Tablel Machining conditions

A(13pm) B(28um)
Laser power [W] 0.1 0.5
Feed rate [mm/s] 0.0023 0.0023
Circumferential speed [mm/s] 0.286 0.242
Groove depth [um] 12.75 28.19
Groove width [um] 25.09 30.85
AV \\ VLA goe
’ oy
&) N &
/4 F

30mm
Fig. 2 Geometry of the sample
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Table2 Contact angles, Lift forces and Pull-off forces

A B Brass
(13um) | (28um) FS-1010 wire
Contact 125 146 120 80~90
angle [deg]
Lift force
[MN] 5.8 5.8 5.6 4.7
Pull-off
force [mN] 1.8 1.2 2.8 3.3
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Fig. 5 Drag as a function of the square of velocity

Fig. 6 Ridge of the surface of water

250[mm/s]
0.8
u
= 06 n B(28um)
E
2 04 Theory(CD=
a £ 0.125)
0.2
|
00 = ‘ ‘ ‘ ‘
0 50 100 150 200
Area[mm?]

Fig. 7 Drag as a function of projection area

DR S 7o, B O SIXE S 2mm O & X 0. 5mm, X 3mm
DLXx2.5mm biotz. ZOMEEEEL, MLMTRE L
BROBIZMATHRERHE A 23532 L, 6Dk
2B & BEE M RIE OBIMRIZZR Y, Cq = 0.125 O IRFH{E
EIRFE T D ENERI N

6. 5

AR TIE, 7 A ROMZE L, R\l s A
T ABEAMEOENMNOIEETT 72, £, BIELZME A
W, Mime R mREE DS, BEAlA, SRS, BIEBEEL), BU
INTIINETHEETT-. TORER, WO il 2
<70, SIEBELADNEAT 52 ENHERINZ. 728t
TIORET LY, I UAT 723 Dl < g L HL A3
MT Bz enbhrot. iz, FLONTHEED 2 T L, HOBE
X LKA DML & B[ L o S mAIC b E] L, Hi 0B
=T B LR TE T,

< BB >

(1) Xuefeng Gao and Lei Jiang , Nature, 432, 2004, p.36.

(2) Yun Seong Song and Metin Sitti, IEEE Transactions on
Robotics, 23 (3), 2007, pp.578-589.

EFfTEFRX

(1) taJREem, B RS, gaARMEE], &I, =WE S,
MEMS i %M LKkt o ourse, &l sl
A3 SC4E, 49 (4), 2013, pp.411-416

FRFER

(1) AEmi—, gaAREEE], BEHE, ZHE, TAUARE
JRE L L= KB aR v b OBFFE— O PED K
R ENC BT T B —, H A A - J6e - W5
FEERERFIGER S (11P2014), HAL, 2014, H-2-2.

(2) /IHRET], SaARETE], BfEHEE, ZE, BRaH
ELIZREmBEI r AN > N OME—IRIR DR FIH L
ToBERfT A —, HAMB RS - J06E - M S
FES (11P2014), H{, 2014, H-2-3

(3) B —ER, A RIE, LS, HARE, FUARER
#Al ARy N ORMNAMECITHE S 225, B AKER
Fax 2013 R RS, [, 2013, J027034.  fill 1

WiE

1) S5—0 Xy XA, %R LTFPik, Rhfl<( s
Ry b, EERZRVEIX IS, REUHTR, 2013424 A
22 A,p.22. fh2fF




4.2. B - (IEBREDOAIRE S 7 av=tal—T g ~DItH

Construction of wetting and adhesion function for micro manipulation
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