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AR, MEFREIC~A 7 a—F ) A— R L-OLo EHIHETE (BHRE SIS 2B 5
LT, ZOMBHNIE 2 TRt E R M 5 CE D Z LD L A2 0, BHE A S~ DB A
BMESTWD. BUE, ZOMMEMEEDOIARGIEE LT, mfERREMN LA TS
LZEH L= IMLRERERS>TNDEN, R A M@ &m A ERA RS
NHZE, MIKERENZERENRTAY v Mo TND., ZhUIxtL, AFE=ETIE
AT 47 AV v (SS) BIGZFMM LT, Zeflin2iw A& oS I E o1 % (SS N
TiE) ZBARL Y, 26l LSBT 28 2 R RS LT & 7o, BURMIZIE, SS
I Ko TEIE S T B R ISR E IS OB 21TV, ZOMENRY 7 I 71
YD 7 A — A — ORIk SRR OFEEIEETH L AL CE R 1L,
EFHLOIFEOIRIC LY, ZOEHIHEERSREEMEIEIZ 2 > TW D ATREMEBT7IZA T T
X7, Fio, AWFFEETIE SS M TIC LV B S 2 kA Wik E o A H EEE ) T3
B L THIMVAMA TEA, BUR T PHITRBRAZR L DICEE->TLESTEY, Zh
I LTI REN 2 b DL R>TLE- TS, ZORKIENSRARN S, SSMTo
AN =R BIRHRENL W=D TH S, flz 1, Lo T HORESZRHEE L
TWDN, TOESICE L TUIREMR TE TRV ) 2, ITFEOHFRICEL Y, EEhidnT
HNET TR 74NV AZHERI S TODAMREMEA I TE 2. 612, SS LTI TR
FRBHIAI S VIAATDIRRE TIREY NS A U TV A 728, TSR L TEEL 52 T5D
T EFREW ROV, ZHUCB LT, REEEIHMEICE S TR,

£ 2T, AWFETIE SS I LK O S HBLO A, HREE, ML HORIS VIAZRIZ X
DIPUEINO BT D, 209 2T, ZROOMEEIIZ, SS TR 5G]
i A B = A LD TR EFE L SH, ZTOMA B =R LTI, K0 FEEOEE T %
R D . ABFFER I, £ OAMEE SS M T.ORIEORBEICKE < HIRTE, SS %
AW ToIGHEERIISDICEE DL B2 LN5.
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LT AV » VOFET D, FTo, FEESETIXTFT /A4 7Y v NEIFOWEREA T
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13 AT 4 v 7 A v T BIS

AT w7 A w7 (SS) BGUE, MBS TV EB A T BRI, BB IS
THUWED LEEFOMY K LETTHY, FEEIRHCEAEND & SMEXN 5. Figl-1(a)lc SS
BB EZRAT HESRET VAT, ITRO—5TEE L ERNTEY, MisiTsE A 108
WIVTND . ETME A IIMELB O RIZEE L THRS TS, ZOIRETHEL B % Fig.1-
H@)DAEH P> < D #ET &, B A 1T IREEIC I VMR B ICEE LT L8
M3 (A7 4w Z0RHE) . 2 2 THE A IZITRICER > T D720, MEFA OBEMIRRKE <
RBHITONT, TROETINIRE RV e RFIEEEI)NITESL<. 612, ME B 28
LT &, IZROEITCNTERKRFILEER ) 282 T, ZOBEICHE A 1T 8B O |
ZEVIRD D (AU v HREB) BV RO T B A ZIEROE I K > TEICEI GO 5.
M A OBERLRA/NEL R BI2oNT, IFRDOETHIT/NES L R BEEICESL . 13
DETHINEEEE ) %2 Tl 5 S B A XERIE L, HOME B IS LI-E BT (R
T4 v 7). RO LD REE) (RT ¢ v ZREE— RV RAEDOHMR D K UEH)) 75 SS
BEDA T =ALTH%. Fig1-1(bIZ A7 SS BT B BEE ) ORI AL 2~

728, SS BIENHA LI-EAIIE, Bl 20 TR T3 TR EE DR F0 T B0 HE 2
&, —RENCITEREN AT S, LEEN- T, SS HABITHET AHEICBWTIE, £ Ol
FEOBZRODIN TR L Ieo TRV, EEOAESRYTIE, Th b OMRREEZIEIC LT
TEVIRRE NN T4t D TRIT & > T SS D Z[X > T\ 5.

Spring

Material A
- Force
Material B —
(a) (b)

Fig.1-1 Schematic diagram of stick-slip (SS) phenomenon. (a) Stick-slip model. (b) Time variation

of frictional force in typical stick-slip.



B2 ' R
21 27 4y 7 AV vy 7L
2.1.1 TE

AWFFETIE, RELE DRI SS Z#E U S AT A E LTS LOSREN+H5I2H 0D, §t
A 72 ey RO AR OB (7 = —H, FAS-10) Zi8IR L7, SEIEH LBkt
FEHX TE-2 (JIS Biks4 #r : SKS8IM) T& 5. Table2-1 (2 SKS81IM DAy 722 f ik & 74~ 9.
TE-2 |3/ 3% T ESH SK120 Dt REHFE T, Risy OFfHE K OSBRI O i 72 F PRIZ L - THE
AFVEZRI L, BRAE) 20k L C, BIALE - M EEFENE 2 R D 7 b B Cd 5. Table2-2 |2 TE-
2 DALFRL 2R $ . F£72, Table2-3 |2 TE-2 OFMERZ R,

Table2-1 Property of SKS81M.

Density Tensile strength Elastic modulus
[g/cm?] [MPa] [MPa]
824 114 324

Table2-2 Chemical component of TE-2.

Ingredient [%]
C Si Mn P S Cr Ni
1.20~1.30  0.15~0.35 <0.35 <0.03 <0.02 0.30~0.50 <0.25

Table2-3 Mechanical property of TE-2'0).

Tensile strength Elastic modulus
[MPa] [GPa]
202 325




2.1.2 #E

AEHE LT, T HE Y SR X OPMERENME LS, [EKRAIPETH 223 2 M THEOE W,
BT 7 ANV AERIR LI, 2OHRTHAENE, BaaadE, mo il s LTHRAD
FoEY) TELFAESNTWERY=F LT L7457 —k (PET) Z@RLEZ. 5T,
B OYNEDIFE N K DM LHER~DRELZ T~ D720, PET L0 & MR KOG IRIEE
MEL, 0T ARIEF IS NT 7 UL (PMMA) % LA EHI®EIR L=, PMMA 1T
PET [AIERICHN TS @ < IEFICEWIBHHMEZ D, LU A0 7 20 E LRI S
5.

AWFFETIE, BEE 37um O PET 7 4 /LA (7% 5 F{bZEL, FE2000 (FmEALHER L)) K&
OEE 53 yum 7 7 V7 g v (=27 I 7/VEL, HBS006H) % L7-. Table2-4 I
PET 7 4 )V 5OV %, Table2-5127 7 UV 7 4 )V AOYIVEEE N EIRT .

BRET 7 IVNT 4V AOBIERE L PSR LT O IO N TEBRRBRIC L > TF —
X w Gz, BIRRRBRO UL L FERIT 6 BEATERIZEL T

Table2-4 Properties of PET film”.

Density Tensile strength Elastic modulus Breaking strain
[g/cm?] [MPa] [GPa] [%]
1.38 172 3.98 138

Table2-5 Properties of acrylic film.

Density Tensile strength Elastic modulus Breaking strain
[g/cm?] [MPa] [GPa] [%]
1.15 41 1.34 22




2.1.3 FEIGE & REBRITTA

SS HG A L 7= & W& O JE I 1T Fig.2-1 (oR3IN TR (SS NTHE) %
L7z, ZOEBITEBARRICINTHEBET HHRLVY, a—F—, BLY, vA o FLa—
ML (=T K7 A8, UR-IKN-D) O&EEIZHH O Trgiltg (=— -7 F -7
A #, RTG-1310) 7" HAERL SN TS, ZEERKICEE SN AV ZITIMENEZFEEL,
DOIMT RO E 7 4 )V MM ST S, ZORETTZ 4V AEZBEI S5 Z L TR
K%wfss%%ié& T 4V AREICHAIE S 2T 5. ks, ERofkic, K
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hm&74WAh##5WEW%@ET%6.u?u,%ME@$E®ﬁﬂ%m?.
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@ T4 NLOWEOWER T NZEIUS 2.0 cmX2.0 cm DA LT —TFEAE0 A, 7 40
LEMRT 5.

@ ML= T 4 NV AO—i% TRERBEEOT ¥ v 7 THATHEET 5. VT, 7 4/ A
DOMIHZE BV ZMRY N, 74V AIZENENT S, ZOBK, BbVOHEIEZEZXD
CETHTIMET 2#EET5ZENAMMETHD. 74V LO%ED FAIZXLTT 4V
LDOEDHEIMENNE S ICEET 5.

@ MLANOFEE S ZT ' N THE LIctk, MLAZFRAVZICRY TS, 20, &
NEIEEH Y, TNEVINLEHOFmOEE L ENRR > TWNDHT7w, RV DiE
FICE > THOHHMES L2EHTHZ ENARETHD.

® WK% SS I THEAKICHETS.

©® HNOIENT 4 NV BT D L DIZHEAVE D ETFAEEZFRET D, 2O, mLEO
MEIZESTINMTAEOEZERETHZENAETH S.

@ FRERBIEOSBEHREAZRET S Z & TMTIEE V 23%E L, FiEBigs e LT
T AN L% 50 mm BREBESED. TORE, T4 hEHNOEMEIZINT, AT
47 AV TRFEAL, BENERIND.

¥, ARFEBRTILSSIZL D NOEEFEIZ L AH LD AREMEZEE L C, ITRIZ [EIF
DOIMTHNZFERH L.



To a tensile tester

<& Holder *

w A

Roller
<€ Load Sample

Fig.2-1 Schematic diagram of SS processing.
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2.1.4 INTEA

SSMLTIX, ANRD X ST 4 DOMLEMFEZEFEEETH D, Table2-6 |2 PET 7 1 /LA
I 24T 5 BE> SS N T4 D#iPH %, Table2-7 (27 7 ULV 7 4 )L TN T %24T 5 B SS
N Tk DFiPH 2 2 Z T,

Table2-6 Processing condition of SS processing on PET film.

Processing load Processing angle Free end length Processing speed
TIN] Odeg.] L[mm] Vmm/min]
3.924-11.772 140 - 160 1.0-7.0 10 - 500

Table2-7 Processing condition of SS processing on acrylic film.

Processing load Processing angle Free end length Processing speed
TIN] Oldeg.] L[{mm] V[mm/min]
1.962 — 5.886 145 - 165 1.0-7.0 10 - 500
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2.2 BT OEBAREOWIE

1.3 TIb72 K 512 SS DFAITITMIRM OFEBIRE N HE Th 5. Fig.l-1(@)IZR L7z SS
DETIVTHFE R SS DETILTH Y, WK AB BICIZEENOZMEAT 5. LrL, &
WFEIZEBWTII AN T 4V AZHIE VAT Z L2k 0, BB T 4V ANLRIT 5
HHADMERT 5. Fig2-2 IR BT T L & il S 0 iAAE BB U BEERET VA2 RT.
Fig.2-2 HOFEFIEL F BEET), FIRANTOBEET), RBHANBT 4V EAN6ZT 5T
) & SO TR OIS, N SEEAE, o DSEERRE, Wl oBEBREEERS. o
B, BB L 7 4 VA DZT DN EDETCENT OB EZ DL, 7 4 VAT
MINDLREE, HNe 7 )V AOFEME CORELLS) N 225 T OFEBREE R L Z &
MWTED.

728, ABFEICEBWTIL 2.1.3 TR X 512, SSITHD 7 4 )V 2T D30 % faf 8 % I E
THZENTED., ZZC, TEMIATE, 0#NTAE, NZEEME, FZ%L0F 0
B, % SSIMLERFDZ AV AThnDMEET 5L, LFoRX (1) 226 (3) 1IT&b
AT OB A RDDHZENTE D,

FI=F4+R=T,—T «oorererrenn (1)
N = 2T COS— +rererrrerernniiiiataniieieseiiieiiiiiiinanans ()

1 Fr
Pm 3)

Z ZTFig2-1 {RLIZE 1S, SSMIHD T 4 )V AT Tr 1375 HeakBik <l
EFRETH Y, Fig2-3, Fig2-4 12 SSINLHOfE (7o) — I LERHEERR X O —F] % 7~ . Fig.2-
4 1% Fig.2-3 O LEEE 20mm 2> 5 22mm OFFHOIEKRIK TH 5. frdE (7o) — ILIREER
BKROF (1) 726 (3) 12XV, BT OBEEBIREAZ RO DK, 7 4 VDTN DME T %
75 7 DWIEINERRE & 72 o 7284y (Fig.2-3 O TIEEEAS 20 mm LLEOERSY) ORI &
— 7 DIEOFEME SimAaE Y, X (1) 26 3) ZFET 5 & BT OFBEEIREL us’
WROHND. FT2, TANVDIDDDWE T %27 T 7 OB NER L 72 - 1250 D4
EOEOEEE HFAE Y, X (1) 226 3) ZFHET D & AT OB we)
RKHBNS.
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F=uN F+R=F'=u'N

AN

moving direction

4—

moving direction

P>
VR,

(a) (b)
Fig.2-2 Schematic diagram of frictional motion. (a) The normal case (contact only). (b) The case

where the blade sticks into the sample.

Tensile load (N)

O 1 1 1 1 1
0 10 20 30 40 50 60

Processing distance (mm)

Fig.2-3 A example of relation between tensile load and processing distance in SS processing.
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— 104
=
‘n
3
E_.4
103 | = = = Average value of peak load
Average value of load
Tensile load
]0.2 1 1 '
20.0 205 21.0 215 22.0

Processing distance (mm)

Fig.2-4 Enlarged view of the part where the tensile load looks constant in Fig.2-3.
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2.3 T OB

SS MTEEDO N OB E K ONT 4 NV LADOENE 22 OREIERT 572012 2.1.3 OFEERIEE % &
B L7z, Fig2-2 (2 OEHEMAOERER Z2/R3. EE I FBMEENS AT TE
0, TR ET v AOHREZERE TR DEET 5 Z L2 Fies 7572, Fig2-1 &
PREG LT 0 FEFZIT N E T 4 N LADMEEZER L. ZO, VA Y= 74 VL& T ¥y
7 CHEfET S, £, BOCEE—4%— (FV o F e —F—Hl PKE5S64MC-PS25) %
A, KRE—F—IAT v 7E—%— (1 A7 »7=3016ym) Th?V, FEHH,
RIZBE SN2 T2 O ERA~OEBII R, ZOBRBIRICBITAMIEMEE LT, B
DOBEREICEVMIAHAET %2, AVFOREME (Ko EFHEAE) (X0 INTMaEe %
EEERETH L. 70k, RFERIZKIT DM LML FIAMEE OBIEEPHIC A L T 1 /L L
DEEZIND D726 2.14 OMLEMELITERR>TWD. ZOHRBIRICE T 2N L&t %
Table2-8 (27”9, AEBRTIX, MILEM%E I=1.962N, 0=155deg.L LI=HE & EHEDIM TS5
HE LT MELRESS LG EMIAELZ/NSS LIZHAD 3 @Y OFRETERT 5.
AWFFETIL, JEFBMEE () "2 STMS) I AT~ vk (VU /x2#, U-
TV0.5XC) Y 11F, ZAUZ CCD I A 7 W0 1 TN LR DR Z Fisk LTz, £ DS,
CCD # A Z1Zi3AR—% 8o USB 1 A7 1L-835 B L OMEESROFHEAE S A < CHU30-B
L, ZHEH 25fps, 1000fps T LEFOEEF 2508k L7, 7238, NFBAMEEL, EA
MHAHDLNNET A NLEDOELLN—HIZLIEbEDLZENTE RN, HET LA
R 2 ICBlZE LTz,

< Holder

6‘,
| \ / | ¥
— Roller —»
— Wire

.‘- Load *GV

To a tensile tester
(b)

Fig.2-5 In-situ observation device. (a) Overall view. (b) Schematic diagram of top view

Table2-8 Processing condition of in-situ observation.

Processing load Processing angle Free end length Processing speed
TIN] Oldeg.] L[mm)] V[mm/min]
1.962,2.943 145, 155 7.0 1.0

15



24 7 4V IOBIEE
2.4.1 JEFBAMEE 2 Vo8l

SS ML DOREHEREICIER S LD MIEZ, SWFBMEE (4 U " 28, STMS) & v T
Bl L, ToMEORE (HEEEH : Structure period) ZFH~72. ZOFE, 307 —% D
PGS ORER R L Lz, £z, BMETOBIZIIUSB W AT (R—F 8, L-
835), WATTHTH (U-TV0.5XC), 3t > X Lz,
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242 EERT 0 —7HEME (SPM) & 7-8is2

SS M T OREIREICTIR SN DG, EEMT 71— 7B (SPM) & FVWC#%
L, RSNz EOIIR & 2 OfEEE R OREEOR S (HEEGR S : Structure depth) % 7
R el TIT, MERS IR EINAEEOMMOILN SR ETOHITHY, i#
EEW, MERS LI, K30 7T — X O A RIER R E L.

SPM I, fui7edt (BRE: 7m—7) THEIZRZ 5T, TOBROMELZBET L2 L
INFREZRBAMER CTh 5. BREF A BURHTE DT, OBk & BREHHI D )71 - BEREKHIAE BAE %
B LANOEET A LT, 7/ A — L CREEROHEREES. SPM 1L, T - 4
F LIV OBEGLARETHY, RRTPMWAET72 EOMk2 REBETHEMATE 5 L0 9 FiH
D, PEEOMEHMEE:, AW CIRIEVSE CHERA IS, AT L7- SPM X
AN NA T 7 %A = 2D AFMS400L Th 5. Z DOHMBIX % Fig.2-3 12779, AFMS5400L
21X AFM (B A ##%8%) £ — K& DFM £— K (Dynamic Force Mode) } () DFM & —
RaHE 32 SIS E—RB¥H Y, AiFJETIE DFM £— K& L7=. DFM £— KiZh v
FUN—Z RS HRET, LAA—DIRBIRIES —E 272D K 5 ITHREE - 3UBHE o R %
B L7223 S REIIR 2 RET 2HEET— KT, AFM TIILERBIHNHE L WIEERH 5
FARIRFRBEC, WAENH DHRE R I AN RERE R EE— R ThDH. £, RFRET
T FLN—=L LTHYANA T 7 A = R, SI-DF-40 Z i L7-.

AWFFE T, BIEHARAEBE LT, MIEOT7 4V LAEITELTIE 2cmXEES lem F2ED
K& XL, BRI —Ro T —7 TN LEREIRE EHFRERL LHITT 4 VA
A LT-. F£72, SPM #8152 ClE, AR ZAEED X 7 — A DT 10 um £ ~100 pm
AICHERE L, 7 —% iz EB#HAICEbE T, x FH, y FRAZTHZI 128~512 7 —
2 & Uz, MIESRMITEE, #AkE, SEHIMEREEE bSO 22 TREIELS L.

—

oy

Fig.2-6 Appearance of SPM (AFM5400L).
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243 EATREFIEMEE (SEM) & R\ o8l

SSIMLAD 7 1 /v Ll & EEMEFBMEE (SEM) IZX Vi~ Zhix, SSHTLiz
BWT, 74V ARED—ARIZHI G2 D, %@@JEUéﬂf:ﬁ@f&ﬁﬂ:ﬁ%ﬂi%ﬁ;ﬁ%iﬁﬁ%
RENDOD, Tk b, 74 VAREITH ST, MHHEIEESER SN D D)%
RLHTeOTHD. 2FY, 74V LOMLEOE S BAIFMLEOE S X VIRV LEIZHIE,
T 4V AIFIZE > TEREIZHI DN TWD Z b0 D, KA, 7 4V AOMTE D5
SN LEOm S LR U ThNIL, BEMIZHI DL TWRWZ ERNbn5. ks, Zof
DOHETIE SPM & VN5 Z L RNE U, SPM CILHIEHIE 2320, FEIN T & i
DRIFFBE 2 N TBHAAALE O T LAMT 9 2 LA TE RV, Fiz, SS LI LEAAY)
NI RE 2R S VIAAREA L D728, MLBMEAEOTHITIRVIENTER SN TEY,
SPM I TBIZZIZ3 S 72V, 2 2C, ABFETIL SEM % AW ClrmBles 217 - 72,

SEM I, B HEABTL LV ATRoTETFE—LE LTHREHIHSE LT, RBEEI D
B E N D “IRE O E 2R L CREEEOEEEBET 2EETH L. Wk
DIXFIRFIRRE X AR S, X ARHER 2B (152 2 & ChisBmoa 7o 2 L bl
HEThDH. AFETHEH L SEM IZHYANA T2 ) a Y — XD S4300SE THDH. D
SMBLX % Fig.2-4 [T~

A TIE, BRI E LT, 1D THED T 4 )V AZ TR L TAEEDME O 7R K
INTHITIT 1 om FEEEDIRIZ O L7z, IRISRBIEIC T —R T =7 TARMTy FaEE L,
EHICZORAT Y FOMEICH =R T =TT 4 VL a5 L. ZOR, Yl L7k
HAERE EFE &< X DIC8EE L. Fig2-5 15T > FROT 4 L 2 OKK %7~
Fio, BRI L DEEZST-OICAAI VL a—4— (A A 74— A% Neoc-Pro)
ZHWWT, SEM BRI L L CRENCA A I U A Z a—F 4 > 7 L CEELEAZ1T -
7=, TOBOa—T ¢ JHEIE 15 sec & L7z, SEM #1223 ClL, B2 MEEE 3.0
kV, =3I v a VERIOPA, V—F2 7T 4 AX A (WD) #J 17 mm CTHIZELT-.
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Processing start position

Non -Processing surface Processing surface

\ l’ film
e

Deep groove

(a)

Processing start position

Non -Processing surface

\ Processing surface
i film

Deep groove

(b)

Fig.2-7 Illustration of Processing start position and deep groove position

Fig.2-8 Appearance of SEM (S4300-SE).
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ross section . : .
C Processing direction
Hex nut Y \

O < Film

Sample stand

Fig.2-9 Schematic diagram of observation method for cross section of film.
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o3 B EERRR

3.1 o E A & D T RE
3.1.1 PEEtsd

ET, MLHEDOT7 4 VAREEBIZE L, K SN HBEOEEEZ 7. Fig.3-1 XSS
THD T v AR O BB I OV SEM B2 L 2 Wi Eifg Td 5. Fig.3-1 AN
TR (7 A o FITHY) TERB L VME D, TGRS AT R D5
THEATT H. Fig3-1 MHO ETFHHEITHOD MDA TIZ Lo TR Sz L 725
TR, ThBEEND Z L THREEEZER L T\ 5. Z O Lo MR 1S E 5
Ths. £7-, SEM OWrm B~ 5, MLHT FEEOHM) LTk WEEOLEM) T7 «
VADBESIIF T THY, 7 4 VAREITHI DN TE ST, #EEOIEEHS 720 23 Hiv T
%.

Fig.3-2(a)lX SS MM TH%& D 7 ¢ )V L FH D SPM BIZIZ L 5B TH Y, Fig.3-2(b)i% Fig.3-
20BN EDOMH Y e 7 7 A NV THD. £, Fig.3-2(a)lk Fig.3-1 O 7 2 U JE i
EOMEBIEZE LT DO THDH. LI Fig.3-2 I O DDA IS A - THEITT 5.
Fig.3-2(a) X D EFH BN D RO S)Y Fig3-20)XKFOREHSTHY, BEHD
MRS E Y, SENSLOTEEE TCORmIBEERS ThH 5.

F7-, PET 7 A VAT LEIT S T2 8EI1C DI, ~A 7 v JEHEEORIZ S BT/ EVE
W2 L OWEN MR T /2. Fig.3-3(a)lx SS M L% D 7 4 v AFKHE D SPM #BlEZ Xk IR
B TH Y, Fig.3-3(b)i& Fig.3-3(a)lZ 5 V7R Lol 7' v 7 7 A V&7~ d. F72, Fig.3-3(a)
1% Fig.3-2() D R 2 JEK U CREficBlEE L= IXICTH 5. I TIE Fig.3-3 KDL H DD
FHFENZ A THEATT 5. Fig.3-3(a)XIH OPLIRER DS HRIE Fig.3-3(b)XIHF DR Th
D, BEROMBBSESERY, SENSILOTERE TOEIBBHERS TH 5.
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Fig.3-1 Structure form. (a)Optical micrograph of SS processed PET film with submillimeter

periodic structures. (b) SEM image of cross-sectional shape.
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Fig.3-2 SPM image of SS processed PET film with micrometer periodic structures. (a) Surface

image, (b) cross-sectional profile at blue line on (a).
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Fig.3-3 SPM image of SS processed PET film with submicrometer periodic structures. (a) Surface

image, (b) cross-sectional profile at blue line on (a).
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Fig.3-4 Processing load dependency of structure period of submillimeter periodic structure.
Processing conditions for PET film.: =150 deg., L=1.0 mm, F=100 mm/min. Processing
conditions for acrylic film.: =165 deg., L=1.0 mm, /=100 mm/min.
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Fig.3-5 Processing angle dependency of structure period of submillimeter periodic structure.
Processing conditions for PET film.: 7=3.924N, L=1.0 mm, /=100 mm/min. Processing conditions
for acrylic film.: 7=1.962N, L=1.0 mm, /=100 mm/min.
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Fig.3-6 Processing speed dependency of structure period of submillimeter periodic structure.
Processing conditions for PET film.: 7=7.848 N, =150 deg., L=1.0 mm. Processing conditions for
acrylic film.: 7=1.962 N, =155 deg., L=1.0 mm.
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Fig.3-7 Free end length dependency of structure period of submillimeter periodic structure.
Processing conditions for PET film.: 7=7.848 N, 6=150 deg., /=100 mm/min. Processing
conditions for acrylic film.: 7=1.962 N, =155 deg., =100 mm/min.
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Fig.3-8 Processing load dependency of structure period of micrometer periodic structure.
Processing conditions for PET film.: 6=150 deg., L=1.0 mm, V=100 mm/min. Processing
conditions for acrylic film.: #=165 deg., L=1.0 mm, /=100 mm/min.
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Fig.3-9 Processing load dependency of structure depth of micrometer periodic structure.
Processing conditions for PET film.: 6=150 deg., L=1.0 mm, J=100 mm/min. Processing
conditions for acrylic film.: #=165 deg., L=1.0 mm, /=100 mm/min.
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Fig.3-10 Processing angle dependency of structure period of micrometer periodic structure.
Processing conditions for PET film.: 7=3.924N, L=1.0 mm, /=100 mm/min. Processing conditions
for acrylic film.: 7=1.962N, L=1.0 mm, /=100 mm/min.
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Fig.3-11 Processing angle dependency of structure depth of micrometer periodic structure.
Processing conditions for PET film.: 7=3.924N, L=1.0 mm, /=100 mm/min. Processing conditions
for acrylic film.: 7=1.962N, L=1.0 mm, V=100 mm/min.
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Fig.3-12 Processing speed dependency of structure period of micrometer periodic structure.
Processing conditions for PET film.: 7=7.848 N, 6=150 deg., L=1.0 mm. Processing conditions for
acrylic film.: 7=1.962 N, 6=155 deg.. L=1.0 mm.
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Fig.3-13 Processing speed dependency of structure depth of micrometer periodic structure.
Processing conditions for PET film.: 7=7.848 N, 6=150 deg., L=1.0 mm. Processing conditions for
acrylic film.: 7=1.962 N, 6=155 deg., L=1.0 mm.
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Fig.3-14 Free end length dependency of structure period of micrometer periodic structure.
Processing conditions for PET film.: 7=7.848 N, 6=150 deg., ¥=100 mm/min. Processing
conditions for acrylic film.: 7=1.962 N, =155 deg., =100 mm/min.
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Fig.3-15 Free end length dependency of structure depth of micrometer periodic structure.
Processing conditions for PET film.: 7=7.848 N, 6=150 deg., /=100 mm/min. Processing
conditions for acrylic film.: 7=1.962 N, =155 deg., /=100 mm/min.
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Fig.3-16 Processing load dependency of structure period of submicrometer periodic structure of
PET film. Processing conditions: =150 deg., L=1.0 mm, /=100 mm/min.
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Fig.3-17 Processing load dependency of structure depth of submicrometer periodic structure of
PET film. Processing conditions: =150 deg., L=1.0 mm, /=100 mm/min.
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Fig.3-18 Processing angle dependency of structure period of submicrometer periodic structure of
PET film. Processing conditions: 7=3.924N, L=1.0 mm, V=100 mm/min.
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Fig.3-19 Processing angle dependency of structure depth of submicrometer periodic structure of
PET film. Processing conditions: 7=3.924N, L=1.0 mm, /=100 mm/min.
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Fig.3-20 Processing speed dependency of structure period of submicrometer periodic structure of
PET film. Processing conditions: 7=7.848 N, 6=150 deg., L=1.0 mm.
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Fig.3-21 Processing speed dependency of structure depth of submicrometer periodic structure of
PET film. Processing conditions: 7=7.848 N, =150 deg., L=1.0 mm.
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Fig.3-22 Free end length dependency of structure period of submicrometer periodic structure of
PET film. Processing conditions: 7=7.848 N, 6=150 deg., V=100 mm/min.
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Fig.3-23 Free end length dependency of structure depth of submicrometer periodic structure of
PET film. Processing conditions: 7=7.848 N, 6=150 deg., V=100 mm/min.
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Fig.3-24 Relationship between tensile load and processing distance in SS processing on PET film
at each processing load. Processing conditions: #=150 deg., L=1.0 mm, /=100 mm/min.
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Fig.3-25 Relationship between tensile load and processing distance in SS processing on acrylic
film at each processing load. Processing conditions: =165 deg., L=1.0 mm, V=100 mm/min.
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Fig.3-26 Relationship between tensile load and processing distance in SS processing on PET film
at each processing angle. Processing conditions: 7=3.924N, L=1.0 mm, /=100 mm/min.
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Fig.3-27 Relationship between tensile load and processing distance in SS processing on acrylic
film at each processing angle. Processing conditions: 7=1.962N, L=1.0 mm, /=100 mm/min.
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Fig.3-28 Relationship between tensile load and processing distance in SS processing on PET film
at each processing speed. Processing conditions: 7=7.848 N, =150 deg., L=1.0 mm.
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Fig.3-29 Relationship between tensile load and processing distance in SS processing on acrylic
film at each processing speed. Processing conditions: 7=1.962 N, =155 deg., L=1.0 mm.
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Fig.3-30 Enlarged view of the part where the tensile load looks constant in Fig.3-28.
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Fig.3-31 X (' Fig.3-32 LV, PET 7 4 VAR OT 7 UV 7 4 )V NN L EAT 5, 1A H
DAY TLED T 4 VNI DR EITIHOHHERE SICEDLLTIZEAE—ETHD.
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Fig.3-31 Relationship between tensile load and processing distance in SS processing on PET film
at each free end length. Processing conditions: 7=7.848 N, =150 deg., /=100 mm/min.
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Fig.3-32 Relationship between tensile load and processing distance in SS processing on acrylic
film at each free end length. Processing conditions: 7=1.962 N, =155 deg., /=100 mm/min.
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Fig.3-33 Processing load dependency of apparent coefficient of friction in SS processing on PET
film. Processing conditions: 8=150 deg., L=1.0 mm, /=100 mm/min.

2
LN

(]
(=]
T

—
LN
T

Static friction coefficient
Kinetic friction coefficient

o
8
—
.8
g
L
1)
—
5 T T
o
% 1.0 }
o)
[&]
= 0s | Actual static friction coefficient
g e
Sy Actual kinetic friction coefficient
< O L L L L L L
0 1 2 3 4 5 6 7

Processing load 7(N)

Fig.3-34 Processing load dependency of apparent coefficient of friction in SS processing on acrylic
film. Processing conditions: =165 deg., L=1.0 mm, /=100 mm/min.
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Fig.3-35 Processing angle dependency of apparent coefficient of friction in SS processing on PET
film. Processing conditions: 7=3.924N, L=1.0 mm, /=100 mm/min.
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Fig.3-36 Processing angle dependency of apparent coefficient of friction in SS processing on
acrylic film. Processing conditions: 7=1.962N, L=1.0 mm, /=100 mm/min.
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Fig.3-37 Processing speed dependency of apparent coefficient of friction in SS processing on PET
film. Processing conditions: 7=7.848 N, 6=150 deg., L=1.0 mm.
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Fig.3-38 Processing speed dependency of apparent coefficient of friction in SS processing on
acrylic film. Processing conditions: 7=1.962 N, =155 deg., L=1.0 mm.
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Fig.3-39 Free end length dependency of apparent coefficient of friction in SS processing on PET
film. Processing conditions: 7=7.848 N, 6=150 deg., /=100 mm/min.
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Fig.3-40 Free end length dependency of apparent coefficient of friction in SS processing on acrylic
film. Processing conditions: 7=1.962 N, 6=155 deg., V=100 mm/min.
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Table 3-1 Apparent coefficient of friction in SS processing.

PET film
Processing load T[N] 3.924 5.886 7.848 9.81 11.772
s’ 0.874 0.835 1.025 0.613 0.800
s 0.843 0.798 0.933 0.587 0.711
Processing angle 6 160 155 150 145 140
s’ 0.821 0.791 0.690 1.013 0.878
s 0.793 0.744 0.667 0.972 0.871
Processing speed V 10 50 100 300 500
s 0.791 0.722 0.858 0.686 0.799
s 0.702 0.671 0.821 0.669 0.733
Free end length L 1 3 5 7
s 0.650 0.696 0.734 0.644
s 0.627 0.657 0.674 0.594
Acrylic film
Processing load T 1.962 2.943 3.924 4.905 5.886
Us 1.486 1.432 1.412 1.424 1.320
Jig 1.453 1.400 1.365 1.378 1.227
Processing angle 6 165 160 155 150 145
Us 1.530 1.554 1.732 1.736 2.069
s 1.492 1.513 1.615 1.653 1.844
Processing speed V 10 50 100 300 500
s 1.870 1.815 1.656 1.722 1.613
s 1.657 1.625 1.598 1.678 1.566
Free end length L 1 3 5 7
s 1.591 1.439 1.625 1.60
yig 1.546 1.401 1.570 1.548

* Friction coefficients of PET film are u= 0.158 and us= 0.216Y: 19, Those of acrylic film are uu=
0.431, us= 0.329.
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3.3 ZOLBEORER
3.3.1 HOEH)

PRS2 FHWT, LR TRICERL ALY, No#E 2858l Zok, N
FREOESUENEEINTEY, O 7.0mm 721524 H Lo FFBIREETY ¢
VBIZHRE L TS ZONRBETT 4 L A ZKOLEF N LA FMICBE SE TN 5.

Fig3-41 |3Z OB O % USB I A 7 Thl LBl 2 v 7 a v FTHY, k
DI (DANLRAARIER, Q)M DIesmD BN D R & 72> 2B, ) NHME T LIZEAR,
G)YHOHNDOIEIDOEMN NI R E RS T-RE DO AT v T a vy FTHDH.

<~——Razor

0s(At the start of processing)
2)

100pm

103.29s (Right before the slip)
3)

100um

104.02s (Right after the slip)
(4)

100pm

116.76s (Right before the slip)

Fig.3-41 Snapshot of in-situ observation. Processing conditions: 7=1.962 N, =155 deg. , V=1.0
mm/min., L=7.0 mm.
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Fig.3-42 1ZENZEH, I LEMEZ ()EEDSEM (T=1.962N, 6=155 deg., V=1.0mm/min,
L=7.0), (MM TffiE% K& < L7zgef (1=2.943N, 6=145deg. , V=1.0mm/min, L=7.0), (c)
INT A Z/NS < L2 (T=1.962N, #=145deg. , V=1.0mm/min, L=7.0)& L7=%;4 @ USB
HATIWZKDEOGHEEEOA T v 7 ay hTHY, (HHNIMETL LIZERE, QHNDOK
SRDENL ISR & 7o T2, QYFONNMETL LIZEEZEO AT T ay N ThDH.
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WoTHITZTZTANLDLONEZT, 74V bE—KERoTHEBLTWD (A7 1 v 74k
RE). F72, Fig3-41Q)&VB) LY, NOEMIIENERKE D LA KNG L HICE
HWICBEN T2 LN g0nDd. ZHEEAE L TWEINRHIE T L2 L2835 (R
v IRRE) . ZOFE, NOEHONE X Fig3-41()DOMEE TR TWRNWI &b, i
ERIIIET L TWRNWE SR 5. £, 20K, AOEmOBE T RILT 1 v LAOBEN S
M E NIRRT THD Z D, NE T VNI EI L T\ D. Z O, HNodi
INT 4V EBENTEIE H L7 TREME S, DN 7 4 L AKEEHI 0 2N b8 & H L
TERREMED 2 DO REEMENR B 2 L.
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(a) (b) (c)

0s (At the start of the stick;Right after the slip) 0s (At the start of the stick;Right after the slip) 0s (At the start of the stick;Right after the slip)

25um lﬁin_l

8.69s (Right before the slip) 14.10s (Right before the slip) 24.67s (Right before the slip)
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25.01s (Right after the slip)

9.00s (Right after the slip)

14.78s (Right after the slip)

Fig.3-42 Snapshot of in-situ observation of blade motion. (a) Reference conditions.: 7=1.962 N,
6=155 deg. (b) Higher load condition. : 7=2.943 N, =155 deg. (c) Smaller angle condition. :
T=1.962 N, 6=145 deg.

Fig.3-43 7» 5 Fig.3-45 XL E4L, I LM%, OSSN, ITmEE K E < L2,
MTAEEZNSL LSRN LE LEEEAD, A AE— NI A T2 X D2 O5HE O A
Ty Tay bTHY, AOKEOEMBRKRER->TZBRHNG 1 7 1—24 (0.001 7)) 7
OHEDT ATy T ay N THD. 728, Fig3-43 15 Fig.3-45 OLEMOHERRIZ NNA A —
RIAZOBIZLDEDOTHY, SS ML EIFEEGRTHD. LIk, 74 /L 2AOBILIZRB
THRBRICHE R Z R T

NAAE—= KRB AZTIIZORY » ARREICIS T 2 A OEE 2 L0 FEICFLSR L T b,
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Fig.3-43 Snapshot of in-situ observation of blade motion. Processing conditions: 7=1.962 N,
6=155 deg. , ¥=1.0 mm/min., L=7.0 mm.
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10pm

Fig.3-44 Snapshot of in-situ observation of blade motion. Processing conditions: 7=2.943N, 6=155
deg., =1.0 mm/min L=7.0 mm.
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Fig.3-45 Snapshot of in-situ observation of blade motion. Processing conditions: 7=1.962N, 6=145
deg., V=1.0 mm/min L=7.0 mm.

53



332 7 4 )L ADIEE)

PP ETE AN T, LM TNICEREZEDY, NOBE 288 L. ZokE, H
EEEIILTEBY, NOEmITT 1 VA @%waé ZOWREETT 4 LV AEEFAND
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Fig.3-46 [T, LM% @BEED S, O LATEE RE < LIS, (oM
EAE/NS S LTeGtEE LA 0, USB WA ZICLHEOHBETRO A ;T v 7o a v b
ThHY, )74 NVIEBEITLIZER, )7 4 /VADHUONERKE 2o 72BRE, Q)YFOT «
IWEAPEITE LIZEKEDO AT v T ay N THD. 7 4/ AOWEHIZITEEIOGIWIREIZAE T
TG MM AFE L, ZHUC K > THEERS KN T LEN 7 F MBI TS, 20
P % REICRT.

(a) (b) (©

11.83s (Right after the slip) 13.85s (Right after the slip) 16.64s (Right after the slip)

Fig.3-46 Snapshot of in-situ observation of film motion. (a) Reference conditions. : 7=1.962 N,
6=155 deg. (b) Higher load condition. : 7=2.943 N, 6=155 deg. (c¢) Smaller angle condition.:
T=1.962 N, 6=145 deg. * Black arrow is observation point of displacement.

Fig.3-46(a) (1),2) &V, 7 4 W DITETF RN OETTANZENNTND Z L300 5. Z DR,
7 4 NV EOBENEEILE— X —ICRE LI LEE L VB o T e, F72, Fig.3-46(a)
2).3)EV, ZANNFTEHTANOETEICBEIL TS Z ENRnnD, ZOROBERE
FFERITHELS, B—X —ICHE LM THE L V#HL o Tz, 22T, MLHDO7 v
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L DOBBRE & LD . Fig.3-46 105 7 4 L SO & 35 L 72k R % Table3-1 1217,
(1), QDOMT, 74NV LAOBEHEEITRE LM ITEE LY —H/hSWHETH -T2
OFf, T—X =X EFIERE L TBY, HFELEMTHE T 4 L AZBZR->TWWe. Z
nix, (1), QDEICT 4 VDO RAEL TS Z LA R LTWAS. £12, (2), B)DMT,
7 4V AOBEREE TR E LN THE LY~ EREWEEThH -7, 2L, (1),
QDI TT 4 VW AIZAECTZMON, (2), QDO CHREMICE TSN A2 R LTWN5D.

T, NOEEE 7 4 L ADEBERDETEZD L, FIDICHIZT 4 VRIS DA
NIERRETH D, Z2°C, =4 —% BT DH L, 74V LOBIY BHBIND. 20
B, ANRT 4V AIZHIEZ VIAALTND ZET, 74 VLIRS NTRREL 72> TV D 720,
T ANV LEOBEREITIELS 720, AL — Ko TBENTS (X7 1 v 7IRRE) . ZOFRIZ,
FNZIFITEENELD, 7 4 VDB OREL D, NOEEKL DT 4 /L LOBUD R KIZ
ETDE, NET7 4NV AIRRHCETEZRGT 2 (R vy REB). D%, A&7 0l
AT 4y ZIRREE A Y v REBE AL HITHR Y KT

(Y

Table3-1 Moving speed of film.

(a) Reference (b) Higher load (c) Smaller angle
conditions condition. condition
Speed in stick state
3.17 3.15 2.34
[nm/s]
Speed in slip state
726.83 753.12 1118.14

[nm/s]

* Processing speed V=16.77um/s

Fig.3-47 7> b Fig.3-49 (X E 4, LM%, FEEDSIE, I LA EZ2 K& < L7z,
IMTAEZ/NSS LIS E LIESGAED, A A — KU A 2K 52 O5E 228, D A
Ty Tay hTHY, TANLDMOBRKRERSTZEMNG 17 L—24 (0001 7))
DT AT T ay b THD. B, Fig3-49 ICBWTIIBERIADIZ E A E2IEN 7
AV E T 5T D, Fig3-47, Fig3-48 LRI UM THIE L T D72, 74 v ARt
T, BHEVRZTOWDAREERSHD. £, 74V AOBEEIZUSB I AT THE L
A ERERIZ, KERLS K L TOWDILE OB L HEIERT 5.

Fig.3-46(2) Q)X X3)D 7 4 L AN BE) LT-Hf (XU » 7IREE) ORTF%, A1 AL
— RA AT TEY MRS L TV D, Fig3-472)0>53), 3)D5(6), (6)1>H (7Dt &
D, 7 4V D ORBENEEE IR &R NAZBICH Y IR ENTWS . E@) AL 4 LA
DOENENIEFITNE L, IFEAEBEL TR, (5T, B)DREATAY v 7 IRREN D A
T4 v 7 RBEICBIT LTI B 2B 5. [AERIC Fig.3-48 TIX(10)DRf AT Fig.3-49 TiX(9)D
R TAY v RN AT 4 v ZIRBIIBAT LI B DND.
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Fig.3-47Snapshot of in-situ observation of film motion. Processing conditions: 7=1.962N, 6=155
deg., =1.0 mm/min L=7.0 mm.

56



20pm 20pm 20um

20pm 20pm

20pm 20pm 20pm

20pm 20um 20um

Fig.3-48 Snapshot of in-situ observation of film motion. Processing conditions: 7=2.943N, 6=155
deg., V=1.0 mm/min L=7.0 mm.
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Fig.3-49 Snapshot of in-situ observation of film motion for each frame. Processing conditions:
T=2.943N, 6=145 deg., '=1.0 mm/min L=7.0 mm. * arrows is observation point of displacement.
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4.1 7V FHHEEOEA 1 =X X
4.1.1 SS I TE T LV OfE%E L Hm

TP, YTV EAMEEOIRA M= AL EEZD. TORBEOHRELY, AT 4 v
AV RN, NET A NVAENENOERLEIIZE DD TH -T2, HOEEIHD
TR L E IO IR LUIEEITHY, 7 4 /L L2OEET T 4 /L LOHRONEEITOMD X

LEEICTH D Z &R aholz. ZIPHHKONT 4V AOEE# F & O A K% Figd-1
\ZRT. 22T, Figd-1(a)h> 5 (c)id Fig.3-42 & O Fig.3-46 DM LN LTEY, %
NEI@)AT 1 v 7 KEEBRGARE, (b) A U v REEBRLAIERT, ()R U v REEK TR (koD
AT 4w 7 IRREBRLARE) T D, F7z Figd-1 FOETLEIL, h BAHNE T 4V A RYNHE
fik L7-A@E D e £ COR X, AL B HNOERE, AlNT 4V AOBEEIZHYS
TOE, VOSINIEE, ¢ 23(0)2 B (c) DRI HRE LI2RF# (XU » IRAEICEL U 72 R,
Lowomm 237 XV JE I E & 77T

Fig4-1(@IZ3B\\ T, MIT 7 4 VAR S DIAALTWD. 7 4 )V N EEF R AT~
%é@ék AT %, 74 VA OEELT, %@%%ﬁ%k&ﬁokﬁmFg¢1
O)DIRERIZZR D . AT 4 v ZHRENOAY v REICEL L, HET oV HFTEIL LT
Fg¢u@@h@_@5.@k,l@@Vﬂ:ﬁmﬁa@@%m74wb%%%éﬁtﬁ%@
H5. ZIZT, Figd-1)IZBNTQ@)NPHO)DORBICETCTZNOER KL NT 4 v AOHOD 42
TETLENZEET D E, HORE VAL TOEZEERICHARH S VAT BEORE ST
7 Y SIS Lop-mm (2 LY. ZORE, 7 U IS Lap-mm (3 Fig.4(b) X N (c) DAL
ERRNOLLTORTRINS.

Loub—mm + lo = AL + 1y + Al + Vtslip ................................ @)

Lsubmm = AL 4 AL+ Vg oeverererresesnnn, (5)
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Fig.4-1 Schematic diagram of motion of the blade and the film during the SS processing. (a)At the
start of the stick. (b)Right before the slip. (c)Right after the slip. /o is length between the first contact
point of the blade and a clamp of the tensile tester, AL is deflection of the blade, Al is amount
equivalent to film elongation, V' is the processing speed, ¢ is Elapsed time between (b)and (c), Lsub-

mm 18 the structure period of the submillimeter periodic structure.

EBIZ, Figd2 I27 AV LAOMO%EBE LT SSHEZHHT ET LV ERT. ZHiE7 «
SV BT AE UT2RE, OO R E SIZHBIT 288 i3 @< 7o, Znzidne LTEL
T Figl-1(@)ZBIEL7=bDTHDH. 7238, Figl-1Q). MR Bk B) (2xhd 2 kA (il
EKTHLME A LIZRE KL LTEZD) @ SSETATHD. I EFEERICHINIE L X
Nae—kKE L TERD L, Figd2 [THMEE AHATH LB A LiT0) LA (AT
HOHMEIB L) OSSETNLTHS. Figd2 TOETLFIL, b BNHOIXRE, Lo
AV EDIXREEL, WINSTEE T EZRT .
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Fig.4-2 Modified stick-slip model.

ZZTHEE A RKUME BIZOWTHOFIV EWEBZZ D &, A&7 1L AR OFIEEER

KyAL = PgW  rveeermreeinee i (6)
Ryl = W wovereeneseisieieeie s 7)
BB EY
sW sW ki+ky)usw
Leub-mm = #kl + Hk_z +Vt = % T (8)

KOIZBNT, h, LIFFHEICE o THEZ B, W, VIZIMLEENPDRET H720, Hik
PEBAREL j & AV RBBICE U2l ¢ 3 D UE@)IEER IR TH D, 22T, us
(21X 32 TROTEANT OFFIEEEREEZEAT S, £z, t13R Y v REBICEE LR
THDHND, Figd-24 75 Fig.3-32 O 7 4 L DT D BB T 5 DI 5 i 2 58
NHZETRDDLZLNTE D, Fe, AV v FRIBIZE U] (38 LA LT
30 77— OFHfEE & 572, Tabled-1 I N DITREEL ki %, Tabled-2 |27 4 L ADIXIATE
Bk %R L, Tabled-31ZA U v FIRREICE U7 ¢ 2 &N LEAEICOWTRT. 7238, H
DIXRTEE kit ODFEIFIER D, 7 4V AOIXREL kb OF 7T, 6 BAERITRT.
Table4-1 Spring constant of blade for free end length of blade.
Free end length L[mm] 1 3 5 7

ki [N/m] 296525 216574 107691 50837

Table4-2 Spring constant of PET film and acrylic film.
Film PET film  Acrylic film
Spring constant ko [N/m] 23855 12918

61



Table4-3 Elapsed time during the slip state (between the stick states) for each processing condition.

PET film
Processing load T [N] 3.924 5.886 7.848 9.81 11.772
t[s] 0.06 0.073 0.127 0.102 0.153
Processing angle 6 [deg.] 160 155 150 145 140
t[s] 0.03 0.029 0.039 0.082 0.061
Processing speed V [mm/min] 10 50 100 300 500
t[s] 0.207 0.125 0.087 0.072 0.073
Free end length L [mm] 1 3 5 7
t[s] 0.078 0.093 0.086 0.085
acrylic film
Processing load T [N] 1.962 2.943 3.924 4.905 5.886
t[s] 0.042 0.064 0.092 0.095 0.116
Processing angle 6 [deg.] 165 160 155 150 145
t[s] 0.071 0.106 0.109 0.119 0.146
Processing speed V [mm/min] 10 50 100 300 500
t[s] 0.200 0.151 0.074 0.056 0.045
Free end length L [mm] 1 3 5 7
t[s] 0.087 0.064 0.074 0.084
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Fig.4-3 Processing load dependency of structure period of submillimeter periodic structure of PET
film. Processing conditions: 8=150 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-4 Processing load dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: =165 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-5 Processing angle dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=3.924N, L=1.0 mm, /=100 mm/min.
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Fig.4-6 Processing angle dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962N, L=1.0 mm, /=100 mm/min.
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Fig.4-7 Processing speed dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=7.848 N, =150 deg., L=1.0 mm.
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Fig.4-8 Processing speed dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962 N, =155 deg., L=1.0 mm.
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Fig.4-9 Free end length dependency of structure period of submillimeter periodic structure of PET
film. Processing conditions: 7=7.848 N, =150 deg., =100 mm/min.
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Fig.4-10 Free end length dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962 N, =155 deg., ¥=100 mm/min.
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Fig.4-11 Processing load dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: =150 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-12 Processing load dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: =165 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-13 Processing angle dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=3.924N, L=1.0 mm, /=100 mm/min.
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Fig.4-14 Processing angle dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962N, L=1.0 mm, /=100 mm/min.
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Fig.4-15 Processing speed dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=7.848 N, =150 deg., L=1.0 mm.
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Fig.4-16 Processing speed dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962 N, =155 deg., L=1.0 mm.
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Fig.4-17 Free end length dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=7.848 N, 6=150 deg., V=100 mm/min.
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Fig.4-18 Free end length dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962 N, =155 deg., ¥=100 mm/min.
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Fig.4-19 Processing load dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: =150 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-20 Processing load dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: =165 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-21 Processing angle dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=3.924N, L=1.0 mm, /=100 mm/min.
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Fig.4-22 Processing angle dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962N, L=1.0 mm, /=100 mm/min.
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Fig.4-23 Processing speed dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=7.848 N, =150 deg., L=1.0 mm.
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Fig.4-24 Processing speed dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962 N, =155 deg., L=1.0 mm.
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Fig.4-25 Free end length dependency of structure period of submillimeter periodic structure of
PET film. Processing conditions: 7=7.848 N, 6=150 deg., V=100 mm/min.
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Fig.4-26 Free end length dependency of structure period of submillimeter periodic structure of
acrylic film. Processing conditions: 7=1.962 N, =155 deg., ¥=100 mm/min.
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Table4-4 Moving speed of film in slip state for each processing condition

PET film

Processing load T [N] 3.924 5.886 7.848 9.81 11.772
V' [um/s] 3294 3970 3874 3587 4272
Processing angle 6 [deg.] 160 155 150 145 140
V' [um/s] 4425 3208 3521
Processing speed V [mm/min] 10 50 100 300 500
V' [um/s] 945 1918 3635

Free end length L [mm] 1 3 5 7

V' [um/s] 3372 3380 3124 3345

acrylic film

Processing load T [N] 1.962 2.943 3.924 4.905 5.886
V' [um/s] 6764 3474 3022 2637
Processing angle 6 [deg.] 165 160 155 150 145
V' [um/s] 4013 2522 3705 3786 4202
Processing speed V [mm/min] 10 50 100 300 500
V' [um/s] 1112 2010 3511 11865

Free end length L [mm] 1 3 5 7

V' [um/s] 3144 4195 3984 3164
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Fig.4-27 Processing load dependency of structure period of micrometer periodic structure of PET
film. Processing conditions.: #=150 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-28 Processing load dependency of structure period of micrometer periodic structure of
acrylic film. Processing conditions.: =165 deg., L=1.0 mm, /=100 mm/min.
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Fig.4-29 Processing angle dependency of structure period of micrometer periodic structure of PET
film. Processing conditions.: 7=3.924N, L=1.0 mm, /=100 mm/min.
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Fig.4-30 Processing angle dependency of structure period of micrometer periodic structure of
acrylic film. Processing conditions.: 7=1.962N, L=1.0 mm, /=100 mm/min.

Fig.31, Fig4-32 LV, \BELHERIC L 2HEMITERM L F CERE25R L. £/

ZOEMEIEFERME LV /NS L Zeofe. E7z, P ORIT X 2 FHRMEIL IR & 7 CEm &2 R
L72AS, EEIE—HoL ER & Rl & 72 o7, 7ok, ARo@E Y, I TEE RO AIL,
VEEHCE o o O @R COMBITHRD Z LN TE o Tz,

L¥5]
»

) ® Experimental value

T Calculated value (Proposed model)
5 b A Calculated value (Nakano's model)
20 F

—_ —
(=) »
T

He

—e—

Structure period L, (H1M)

FAoH
F =
F =

FH

0 100 200 300 400 500 600
Processing speed(mm/min)

Fig.4-31 Processing speed dependency of structure period of micrometer periodic structure of PET
film. Processing conditions.: 7=7.848 N, =150 deg., L=1.0 mm.
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Fig.4-32 Processing speed dependency of structure period of micrometer periodic structure of
acrvlic film. Processing conditions.: 7=1.962 N, 6=155 deg.. L=1.0 mm.
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Fig.4-33 Free end length dependency of structure period of micrometer periodic structure of PET
film. Processing conditions: 7=7.848 N, =150 deg., /=100 mm/min.
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Fig.4-34 Free end length dependency of structure period of micrometer periodic structure of acrylic
film. Processing conditions.: 7=1.962 N, =155 deg., /=100 mm/min.
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Fig.6-1 Stress-Strain curve of acrylic film.

Table 6-1 Properties of acrylic film.

Tensile strength Elastic modulus Breaking strain Spring constant
[MPa] [GPa] [%] [N/m]
41 1.34 22 12918
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Fig.6-2 Schematic diagram for measurement of coefficient of friction between acrylic film and
TE-2 plate
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Fig.6-3 Force-Stroke curve at measurement of coefficient of friction.

Table 6-2 Coefficient of friction between TE-2 plate and PET film.

Coefficient of friction Standard deviation Coefficient of variation
HUs 0.43 0.03 0.06
UK 0.33 0.01 0.04
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Table6-3 Spring constant of blade for free end length of blade.
Free end length L[mm] 1 3 5 7
K [N/m] 296525 216574 107691 50837
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