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Table 2-1 Properties of PET

Density Tensile strength Elastic modulus Breaking strain
[g/cmq] [MPa] [MPa] [%]
1.38 172 3.98 229




22 LA

BB L OHENR3ICh Y, Sy (GERIJeufAE 15.5deg) % Fr
DZ EIZHEHEL,PET 7 4 L A L DORBIZ SS 242 U S DI L HICHIROFH TI(7
=¥ —Hl FAS-10)% AV 7=,

AEME R U728 0] 08 EHT SKS8IM Té 5. Table 2-2 {2 SKS81IM D —fikf 7¢
Ktk 2 7R3, SKS8IM 1L, JIS B TIXZ D X 5 A TH DN, T & F%D
TE-2 &\ ) & BMENEET 5. TE-2 13k 3% 1T 24 SK120 0 B #ifE T, Aoy
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FRMEZ <RI, 7238, TE-2 D[RR FIEICE L TlIftee BB 5 %) 1Tt Lz,

Table 2-2 Property of SKS81M%.

Modulus of
Density Tensile strength elasticity
[kg/dm?] [N/mm?] [KN/mm?]
824 324 114

Table 2-3 Chemical component of TE-25.

Ingredient
[%]
C Si Mn P S Cr Ni
1.20~1.30 0.15~0.35 =035 =0.020 =0.020 0.30~0.50 =0.25

Table 2-4 Mechanical properties of TE-2

Young's modulus  Tensile stress

E o
[GPa] [N/mmz]
202.2 325.28
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Figure 2-1 Schematic diagram of SS processing
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Table 2-5 Processing condition of SS processing

Load T | Processing angle @ | Free-edge length L Speed V

[ka] [deg] [mm] [mm/min]
Max 15 165 3 20
Min 0.3 130 0.1 3
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Figure 3-3 SPM image of surface of SS
processed film.
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Figure 3-8 EDX spectrum
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Figure 3-9 SPM image of SS processed film at processing load T=0.3 kg. (a) surface
image, (b) cross-sectional profile at blue line on (a).

14



1w /2 W2 i ‘ 41985

)

' 0%
0 (] 60

Figure 3-10 SPM image of SS processed film at processing load T=0.5 kg. (a) surface
image, (b) cross-sectional profile at blue line on (a).
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Figure 3-11 SPM image of SS processed film at processing load T=1.1 kg. (a) surface
image, (b) cross-sectional profile at blue line on (a).
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Figure 3-12 Processing load dependency of structure period of SS processed film.
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Figure 3-13 Processing load dependency of structure depth of SS processed film.
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Table 3-1 Structure period and structure depth

Processing load[kg] 0.3 0.5 0.7 0.9 1.1
Structure period[pum] 0.27 8.73 19.54 41.65 38.53
Standard deviation [um] 0.11 0.65 0.16 5.56 5.75
Coefficient of variation 0.39 0.07 0.01 0.13 0.15
Structure depth[nm] 55 110 1740 3560 2910
Standard deviation [nm] 2.87 20.00 16248 523.83  332.26
Coefficient of variation 0.52 0.18 0.09 0.15 0.11
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Figure 3-14 SPM image of SS processed film at processing angle #=165 deg. (a) surface
image, (b) cross-sectional profile at blue line on (a).
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Figure 3-15 SPM image of SS processed film at processing angle #=140 deg. (a) surface
image, (b) cross-sectional profile at blue line on (a).
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Figure 3-16 SPM image of SS processed film at processing angle #=130 deg. (a) surface
image, (b) cross-sectional profile at blue line on (a).
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Figure 3-17 Processing angle dependency of structure period of SS processed film.
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Figure 3-18 Processing angle dependency of structure depth of SS processed film.
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Table 3-2 Structure period and structure depth

Processing angle [deg] 130 135 140 150 165

Structure period [um] 44.34 23.50 10.00 0.33 0.32
Standard deviation [pm] 4.50 1.04 1.15 0.08 0.04
Coefficient of variation 0.10 0.04 0.11 0.25 0.13

Structure depth [nm] 2816.8  1680.0 102.0 104 9.8
Standard deviation [nm] 827.44  222.71 14.70 512 3.49
Coefficient of variation 0.29 0.13 0.14 0.49 0.36
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Figure 3-19 SPM image of SS processed film at contact force 3.3N (processing load
T=0.398 kg, processing angle #=130 deg). (a) surface image, (b) cross-sectional
profile at blue line on (a).
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Figure 3-20 Processing angle dependency of structure period of SS processed film at
contact force W=3.3N.
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Figure 3-21 Processing angle dependency of structure depth of SS processed film at
contact force W=3.3N.

Table 3-3 Structure period and structure depth (W=3.3N)

Processing load [kg] 0.398 0.440 0.492 0.651 1.290
Processing angle [deg] 130 135 140 150 165
Tsin(6/2) [N] 3.53 3.98 4.53 6.16 12.53
Structure period [um] 29.64 29.63 29.09 18.39 20.46
Standard deviation [um] 1.78 2.28 1.89 1.07 1.14
Coefficient of variation 0.06 0.08 0.07 0.06 0.06
Structure depth [nm] 2100 1780 1760 1140 1460
Standard deviation [nm] 39497 37094 16248 22450  313.69
Coefficient of variation 0.19 0.21 0.09 0.20 0.21
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Figure 3-22 SPM image of SS processed film at contact force 1.8N (processing load
T=0.332 kg, processing angle #=146.1 deq). (a) surface image, (b) cross-sectional profile
at blue line on (a).
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Figure 3-23 Processing angle dependency of structure period of SS processed film at
contact force W=1.8N.
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Figure 3-24 Processing angle dependency of structure depth of SS processed film at
contact force W=1.8N.

Table 3-4 Structure period and structure depth (W=1.8N)

Processing load [kg] 0.332 0.363 0400 0535 0.804 1.630
Processing angle [deg] 146.1 150.0 1529 159.8 166.6 173.4
Tsin(6/2) [N] 3.11 3.44 3.81 5.16 7.83 1595
Structure period [nm] 426.1 3529 3529 267.1 358.1 319.3
Standard deviation [nm] 65.8 49.3 48.7 26.1 62.4 56.3
Coefficient of variation 0.15 0.14 0.16 0.10 0.17 0.18
Structure depth [nm] 17.0 124 16.0 10.2 11.0 9.0
Standard deviation [nm] 8.72 3.83 1.00 2.86 3.74 341
Coefficient of variation 0.51 0.31 0.06 0.28 0.34 0.38
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Figure 3-25 SPM image of SS processed film at free-edge length 0.1 mm. (a) surface
image, (b) cross-sectional profile at blue line on (a).
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Figure 3-26 SPM image of SS processed film at free-edge length 1.0 mm. (a) surface
image, (b) cross-sectional profile at blue line on (a)
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Figure 3-27 SPM image of SS processed film at free-edge length 3.0 mm. (a) surface
image, (b) cross-sectional profile at blue line on (a)

Table 3-5 Structure period and structure depth

Free end length [mm] 0.1 1.0 3.0
Structure period [nm] 198.07 13297 367.26
Standard deviation [nm] 26.73 11.88 76.27
Coefficient of variation 0.135 0.090 0.207
Structure depth [nm] 6.8 6.8 8.2
Standard deviation [nm] 1.09 2.05 1.83
Coefficient of variation 0.16 0.30 0.22
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Figure 3-28 SPM image of SS processed film at processing speed 10 mm/min.
(a) surface image, (b) cross-sectional profile at blue line on (a).
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Figure 3-29 Processing speed dependency of structure period of SS processed film.
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Figure 3-30 Processing speed dependency of structure depth of SS processed film.
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Table3-6 Structure period and structure depth

Processing speed [mm/min] 3 5 10 15 20 25
Structure period [um] 0.47 0.44 039 044 0.42 3.2
Standard deviation [um] 0.07 0.11 0.09 0.05 0.06 -
Coefficient of variation 0.15 0.24 023 0.12 0.14 -
Structure depth [nm] 840 1400 2200 520 13.73 100
Standard deviation [nm] 1.98 3.02 203 131 1.66 -
Coefficient of variation 0.48 0.59 042 0.42 0.37 -
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Table 3-7 Analysis conditions and comparison between the calculated result and the
experimental result.  (Processing load dependence)

Load T[N] 2.94 4.9 6.86 8.82
(Load m [kg]) (0.3 (0.5) (0.7) (0.9)
Angle 6 [deg] 150 150 150 150
Contact force W [N] 1.52 2.54 3.55 4.57
Tsin(6/2) [N] 2.84 4.73 6.63 8.52
Speed V [m/sec] 0.00017 0.00017 0.00017 0.00017
(Speed V [mm/min]) (10) (10) (10) (10)

Spring const. of blade k [N/m]
793492 793492 793492 793492
@ free-edge length = 1mm

Coefficient of static friction us 0.216 0.216 0.216 0.216
Coefficient of kinetic friction zu 0.158 0.158 0.158 0.158
Au (=us— 1) 0.058 0.058 0.058 0.058
SS parameter 4 1.09 1.40 1.66 1.88
Calculated SS period 2Ass [nm] 302.50 45553 606.22  755.97
Structure period [nm] 269 8730 19544 41653

Table 3-8 Analysis conditions and comparison between the calculated result and the
experimental result. (Processing angle dependence)

Load T[N] 3.92 3.92 3.92 3.92 3.92
(Load m [kg]) (0.4) (0.4) (0.4) (0.4) (0.4)
Angle 6 [deg] 130 135 140 150 165
Contact force W [N] 3.31 3.00 2.68 2.03 1.02
Tsin(6/2) [N] 3.55 3.62 3.68 3.79 3.89
Speed V [m/sec] 0.00017 0.00017 0.00017 0.00017 0.00017
(Speed V [mm/min]) (10) (10) (10) (10) (10)

Spring const. of blade k [N/m]
793492 793492 793492 793492 793492
@ free-edge length = 1mm

Coefficient of static friction s 0.216 0.216 0.216 0.216 0.216
Coefficient of kinetic friction g 0.158 0.158 0.158 0.158 0.158
Au (Fus— 1) 0.058 0.058 0.058 0.058  0.058
SS parameter A 2.05 1.85 1.66 1.25 0.63
Calculated SS period 2Ass [nM] 539.10  498.38 45790 379.48 279.98
Structure period [nm] 44344 23502 9995 327 318
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Figure 3-31 Comparison of structure period between the calculated result and the
experimental result. (Processing load dependence)
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Figure 3-32 Comparison of structure period between the calculated result and the
experimental result. (Processing angle dependence)
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Figure 3-33 Comparison of structure period between the calculated result and the
experimental result. (Processing load dependence and Processing angle dependence)
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the blade edge of (b)
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0<x<LDLx

h bh(x)®  bh3x3 3
h =7, I0="2r="1
L<x<lDktx
h(x)=h =2 (5.2)

12
X DNLE TOE— A MIMX)=PX)THY,
TeOHBDORITUTDO X DT85,

9=—f24—1’;dx+61 (5.3)

Y =— ffg/l—l’;dxdx +C1x + C, (5.4)

0<x<LDLX, FLHORIILLTORERS.

—Pxl,? I
Hz—f dx+C1=fo‘2dx+C1

Elx3
pi,3 _

=—-(—x D+G (5.5)
pi,3

EI

L <x<1DEE, ITbAHONIFLTORXERD.

9=—f;?u+63=£ﬂ2+g (5.7)

P
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x=l D& X 6=0Y=0 L7201,

P
_ 2 g2
C; = 2E1(x )

PI3 N PI® _PI®
6EI  2EI  3EI

C4 = -
b EGBT), GAICMRALLSxS1IDO, YaROLND.

0=—(x*-1?) (5.9)

Y =2 (x*=302x +213)  (5.10)

6E1
BREMEx=L 0L x, K((55)EXGI), K(5.6)LX(5.10)AA a—/L L2

P

pL,3
a5 5

2 _ g2\ —
l) EI

(L") +¢
3

P 3 ) 3 Ply
—@(x —3l°x +21°) = —ﬁlnx+61x+62

PLETHEIY C, CrakD, LT ERD.
C=--@BE-1%) (511

pi;3
C, =
2 El

P32 12y + —(§ — 3121, + 21%) (5.12)

Inl, — 22
2EI El

Z OFE R A (5.5), BBIZIRAL, 0<x<[,DO, Y:ROLIND.

213

_P2_ 2
0= T (x l . ) (5.13)
PL° Px .
Y = —Wlnx+ﬁ(311 -1 )
P13 Pl P
+ Et Inl, — Z—ElI(SZf -1+ @(lf — 3121, +213) (5.14)
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Fio, I TREFFILUTORIZL>TRDOOLND.
P

K=-
Y

Lo T, HEAICITREBRIILLTORICEINS.

6EI
61, Inx + 3(31% — 12)x + 61, °Inl; — 31, (312 — 12) + (I3 — 3121, + 213)

FRICHEEEINENRAT D EICE > T K ZEHTHZLNRTES. A
L, Kk, HNOEmEIIx=0 THH2, ZOXTIEZFOME E x=0 TIX K (K
DB, FIT, ARBFFETIE x=100 L L, IThEHsEH L-. Zofilx
PET 7 4 WV ARIEICHET DT/ A XOMHE 0 & IH/NSVWETH S.

ITFIZ, IBREBRFEHDIZDICHNEE T A—2DfEL, ZZnbEHS
X hRERETET.

b=0.02m
h=245x10"%m
x=10"0m
L=1.0x10"°m
11=930%10°m
1,=70%10°m
E=202x10° N/m?

K=793492 N/m
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5.2 5| iR
521 RUxFLLFLT7XF— MPET)7 4 /LA

AREBRTHEMH LIZPET 7 4 VA (7 2 5 Z (b8, FE2000) @ MD J5 17 (Machine
direction:fii#L 5 1)) & TD Ji[a)(Transverse direction: i LiZ FE[E 5 [A]) D Z 4L 41D
TR 2 SRR L 0 G~z BRI N e R (S R ERr Y, EZ
Test EZ-L) #H\y, m— FE/ITHRRAERE IKN OO Lz, RBRIZHT7
S>TlE, £9 PET 7 4 /LA %08 10mm, &S 80mm OFEMHRIZEI Y 3. Wiz
Gl U 7=k O F B 2 V2 S, 10mm f OERK A i 7 — 7 CRE Y
5. F5 T 2 DERG Y A R D S BT ondx, 3B 2 RERIZ R Y £
75, LT 10mm/min ®A fka—27 T PET 7 4 )V AW 5 F THIED,
BONTE - S/ —OFH) BRI, Yo 7RE WIS oy, MET
O e, 23R D7, Table 5-1 35 X U Table 5-2 (2 MD J51H138 X O TD J5 18] Ok 5
ZENZENR L, Figure 5-2 (2G5 ] — O AR & 7~ T,

Table 5-1 Mechanical properties of MD of the PET film (FE2000)

Young's modulus Breaking stress Breaking strain
E Op &b
[GPa] [MPa] [%]
3.98 172 229

Table 5-2 Mechanical properties of TD of the PET film (FE2000)

Young's modulus Breaking stress Breaking strain
E Ob &b
[GPa] [MPa] [%]
4. 21 203 209
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Figure 5-2 Stress-Strain curve of PET film (FE2000).
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5.2.2 ML HAN(RFH TE-2)

AREBRTHEH L=HJ)(7 = —8, FAS-10)0OMETH D, TE-2 DY v 7%
Z | ERBRIC L - TR 7=, JEEH 0.60mm & 0.63mm OFREZHEL, =1 b
Z g 10mm, £ & 100mm OsEfbkicol v 9. A RlOFRER I I Z)E Y — R s
e BRRE SERVOPULSER(BEHERUEFTR.  MODEL EHF-LV020K1-020) % Fi\ 7=,
FPTHVESLT 0 T, EmifbRICO > B R m A HI D, 20, BV &7z
ARELOH LTI OT AT = E W T 5. WIS, 78 2R BiAE T2 T
AEtOmMIG A2 MAET 5. £ 0%, REtomim a2 RO F v v 7 THEET 5.
ELTZRAEZ —EOEETHIESZ LICLy, R T52FETOOTHE
RN EZREL, ZORENSIMTHAOY 7R ERD D, Table 5-3 [ZIFAE
BrciEH LoV /AR L, Figure 5-3 (2136 — O3 i 2 R4

Table 5-3 Young’s modulus of TE-2

Sample No. Young's modulus[GPa]

1 210.8
2 204.8
3 194.7
4 200.6
5 207.8
6 199.7
7 197.8
8 201.6

Average 202.2
SD 5.0
Ccv 0.02

SD and CV are standard deviation and coefficient of variation,
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Figure 5-3 Stress-strain curve of TE-2
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PESEARSICINE (F Lb EE PR AR AR M OV EE R 4K)

JIS ik D JIS K 7125 (253 &, PET 7 4 /L. (FE2000) & fR3EH TE-2 D
DEEEAREZRE Uiz, 79 BE L BERERER R %/J\ﬂ‘”ﬁinih%ﬁ%é(%ﬁ
RUVEFTHRL, EZ Test EZ-L)IZHfE S 5. D% Figure 5-4 (277, RIZIB A

YRR E PET 7 4 VA TEWY, Wila LT —7TCEHETSH. £LT,
ZDPET 7 4 /LA I TE2 liERE L, O k2 OMIL 4548 2009 (A&D H,
AD1601-200) Z@iE3 5. 728, TE-2 M, Hm D PET 7 4 VA & Ol
FE2Y 40mm? & 72 % X 912, 80mmx50mm DOEHF DV A XYV H LD %
BHLE. ZLCMNES SERTLRR VA Y— (= F =4 8, Y-501)
TRE RO OBy LB SR, B EUA Y —2HD DI D
IR EZHWTE Y, VA v —IpE LBHImm T — 7 CTHE S 5. Fig.

6 ICFDEETZ Y. 2L T, /MlE PR A EE) L, RO HEH
ol E BT TWnW ZEITEY, PET 7 4 WV AKE T TE2 IDVE D 85D 5. D
EEHONDEEET B LY, BRI ORI S A F i L.
Figure 5-6 (ZI3 B ) — BN 2~ L, HIE U7 & R U= BRI S x
I E Table5-4 & Table 5-5 (277,

Figure 5-4 A jig for the measurement of coefficient of friction.
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| /

PET film /

TE-2 plate
// Sliding direction

. =

Jig for wire connection

TE-2 plate
Load M \4

Load

PET film

Top view Side view

Figure 5-5 Schematic diagram of installation of sample for measurement of

coefficient of friction.

0.5
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Figure 5-6 Force-Stroke curve at measurement of coefficient of friction.
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Table 5-4 Friction force between TE-2 plate and PET film (FE2000).

t=0.60mm t=0.63mm
Friction force SD CV  Frictionforce  SD cv
(N) (N) (N) (N)
Fopax 0.43 0.03  0.06 0.51 0.05 0.09
Foe 0.32 0.02  0.07 0.36 005 0.14
Frax, F

ave, SD and CV are maximum friction force, average of kinetic friction force,

standard deviation and coefficient of variation, respectively.

Table 5-5 Coefficient of friction between TE-2 plate and PET film (FE2000).

t=0.60mm t=0.63mm
Coefficient of friction SD CV Coefficient of friction SD CV
I8 0.20 0.01 0.06 0.23 0.02 0.09
Uy 0.15 0.01 0.07 0.17 0.02 0.14

He M, SD and CV are coefficient of static friction, coefficient of kinetic friction, standard
deviation and coefficient of variation, respectively.
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5.4 F ERE (T VA AT AE)

—XBIIZ PET O EITR 1.4g/cm® TH L0, HEHZ K> T b 0ERH H 7=
W, TIZTIET AR AT AIEIC L0 ARWIE THWZ PET 7 1 /v A O FE % FEH
L7z, JE& 37um Oikk 2 3x3em> D4+ W10 Y, JIEZAT 5. wBRICITE
TRF(A 77—+ b RH, AT-261 Delta Range) & BEEHEF v M(A T — -
MU R AT KFRH 2110485) % H -,

TIVF AT AYEND PET 7 4 )V ADOBEERIEZIT . TIVF AT AIRITEK
B OEERR, FEBOENEFUCEITR 22052 E0nHkD 2 &a M
HIE T 5. RIEFR CILEHIRICEHMAZ H o, £9RQP OFEOE &4 H
E LIRS, KPP TOEEMZHETS. 2O SOHEENLGLUTOXIIZL
TEEp ZHET 5.

m
m—M (po — pL) + Py (5.15)

(M: KT DEE  pe: KDOBE  p: KADE)

p:

Table 5-6 I[ZHIE L 7oA R 2~ d. fER L 0SBt OB T 1.37 (g/cm3) Th -~ 7-.

Table 5-6 Density of PET film (FE2000) by the Archimedes’ method.

Density SD Ccv
p
[g/cm’]  [(g/cm’]
1.37 0.08 0.06

SD and CV are standard deviation and coefficient of variation, respectively
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