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The Effect of Optical Lens Surface Roughness to Injection Conditions
Student: Hsin-Wei Chen Advisors: Professor Chun-Chin Huang

Institute of Mold and Die Engineering,
National Kaohsiung University of Applied Sciences

Abstract

The plastic lens has light and advantage produced in a large amount, so
the plastic optics lens is more and more important in the optical system. But
plastic lens is having the form error that is shrinkage and scattering result
from bad surface roughness after injecting. These will make effect quality of
lens. As to surface roughness bed, the reflection of enter light separate to
mirror reflection and scatter, however scatter will reduce luminous flux of
image, decrease the contrast of the picture and resolution ratio of the optical
system, so good surface roughness can reduce scatter and improve image
quality of lens. Therefore, this study is by changing various injection
conditions, such as melt temperature, mold temperature, packing pressure,
packing time and injection speed. Then we use the Form Talysurf and white
light interferometer to measure the surface roughness and to probe into
injection conditions. Its result shows, use higher mold temperature, obviously
improve the roughness of the lens surface, especially under mold temperature
90°C, reduce the roughness to Ra 9.5nm, close to Ra 8.5nm of the mold. So,
by changing injection conditions can improve the roughness of lens, reduce
the scatter, and get high image quality, it can be the base of injection of the
lens.

Keyword: Injection, Surface roughness, Scatter.
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W FUELRLATE 9 R 4 1R R 2 550 (o T e
o R prE AR S

[y 9 WO G T (I 5 B o T Tk P R R
T AR A © P U A R RS
S S P SR B 0 1 K WO G A e
ﬁ'%%¢@%$’ﬂw%*%lw ’Ww@ﬁwaww SR
P & 15“'7 AT TS Fﬁ’&—;ﬁ_t'b;lﬁﬁ F R 3 E B O L T 3
@*ﬂﬁw@ﬁwikaﬁx SR T AR RT3 g S
?E[Hﬂ?* A

3.2.2 Mirau T 3#7% RUE

Elm FIA T 5 J““\i%lﬁjﬂ » 73 Wl £% Mirau ~ Fizeau ~ Michelson '] &
UmmW@j%%WQﬂo [ PR 16T 15 5 Miran ST
VB AP R 3.12 A e

[fi 312 & IO SAYRED = 7 S B‘I— oA B B Ei‘ﬁzﬂ Mirau
Pash > Mirauw PoSi |20 F ) = A BB GEAIST T A o7 LS > PISNATET T A o)k
ST R [N 0 ST ]l L s =P ‘é*igﬂﬁ’*fl’l%k[ A if%‘ JE’«H
Pokp e = ‘EH?’U’EE'%E—'I‘ STV E g o R WA PSR rﬁ%’a -
[Fil [ 3pf 3y 9 — A o3 A8 > 2 S BEET CCD s SR U PVEE -

FHRS [E‘%[p [EJERERNER. ﬁﬁf*ﬂ#’ﬁ’f{’%ﬂ?%’% =R
FraE MG o R T M O S T N RO L S A
K s 1 Vf?ﬂﬁ;”ﬁ@;w » Mirau P78 5 Al g [F[ & {’#F[I‘}“[ » & Mirau Poih
TSRS (ﬁ EU?JF‘EJ“‘{%, Sl g o W PIEEA EE PV - f fsk gﬁﬁ‘@% & T
o Efi?[\‘)-rjﬂﬂ—"“j A pHE Uf}ﬂ?ﬂ AR -

* 343514 %”J%fﬁﬁ‘b B FIEERY] 05X P8R ] 10X > i
1% B 640x480 > fHF LTI BEETER 307200 3k o HOXY [ B AR LS
1.41x1.06 mm °
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3.3 S BB

H IO G BB EL T4 Sodick Plustech 2t pfATE & fY 0 R
£h TR3OEH - RLiIIFH ?;F[ﬁk thTF‘Z/D% 3.6 0 JHEPUNE 3.13 A o HE
FH @ [i«ﬁ“'ﬁﬁﬁ“ V BIB Y = F*??F' V BB P [ £ IFLE
AR O RET RS T A U e

Upl 3,14 Fr ﬂ?@ﬂwﬂﬂﬁu &’pjimwﬁﬁﬁﬁﬂﬁ

il ;Fﬁ.lpﬁrf |“F| @iﬁﬁ%ﬁﬂﬂ SRR }gg%*}@wguﬁ pw}éi‘%
LEH“'WF'J PRl 5 TS e 1)l v A TR FI T R - DR 1
AR Y A s i IJF% RE L o PNER RS R AR TR £

i’ﬁ‘l?jlzti, E&FJEJ%H =pesy| }‘f*ﬁ“‘ 7)[[+FIJ%P[;[§"1{%T R S B RS
ﬁWﬁ%ﬂ%fwn#’a—ﬁhmw Bt S o B A
%ﬂ%@%%@@ﬂ%EO

3.4 HERATE

A PMMA FORVEAR S 555 B B4 5% Kuraray > %] 8F
GH-1000E » ELAPR[PIEYIA 3.7 o o FEAFRIAME F o Bk FE 92% o
FJA O ST 2 A PR AR P il ) R O I L S
PRI AR e 2 R

iy PMMA AR 20 [ 35 % %ﬁmﬁﬁ%f®@ﬁ$wfﬁ SRS
I R B E RSO O I - szw%
R BORPRI R e 03 pUBZA o PP LT RS B4 FI;HJ%& ngﬁﬂe[*’g
jFata > PR ] 60~80°C Pl e ™ > = b 3 ] [ pU AR ] o 1) Y

i
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#* 3.1 %&p[ﬂ%

9 B R A

EH = A [X @ill] Max/Min

120mm/0.1mm

A AT [X 0] 0.125um

B E R [Z ] 6 mm

AT [Z 4] 3.2 nm

B 0.1 ~0.25~0.5~1~ 10 mm/sec

F 3.2 TIErflipuE E
Ra (pm) Ac (mm) Ac(mm)/L

%7% B <0.02 0.08 0.08/0.4
a0 >0.02-0.1 0.25 0.25/1.25
A >0.1-2 0.8 0.8/4
P >2-10 2.5 2.5/12.5
AT >10 8 8/40

# 3.3 ZYGO New View 6300 [ 1567 158 % 8 4 £

- TP ) 1X, 2X, 2.5X, 5X, 10X,
20X, 50X, 100X ¥ = & 3P

s 4 A BT R BN A 0.5X, 0.75X,
1.0X, 1.5X, 2.0X

KR A% g E LED YRk = Sy | Iv 4

CCD #RERAETE | 992x1004, 640%x480, 320%x240, 160x120

Y £ 0.04-21.9mm » AP G {4

< @l ﬁﬁGJ[Eﬂ 150pm » f'ZE £ 15mm

= Ejﬁﬁ@ fi'3# 0.1nm

(1 ] BT 0.45-11.8um

RMS i Hl = <0.1nm RMS
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#3.4 PP s

Kiandiit e (nm)

2.5X Micelson | 0.075 10.3 4.64 80.1
5X Micelson 0.13 9.3 2.67 56.5
10X Mirau 0.30 7.4 1.16 56.5
20X Mirau 0.40 4.7 0.87 56.5
50X Mirau 0.55 3.4 0.63 56.5
100X Mirau 0.80 0.55 0.43 56.5

* 3.5 STEH 5 P82 Ur(640<480 [ 7+ CCD)

FIgE 0.5X
XY 5 (v | AR R
(mm) (pm)
2.5X 5.65x4.24 8.84
5X 2.83%x2.12 4.42
10X 1.41x1.06 2.21
20X 0.71x0.53 1.10
50X 0.28%0.21 0.44
100X 0.14x0.11 0.22
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% 3.6 Sodick-TR30EH «HL['F‘/WJ@“%JTF‘%

e ﬁi O £ AR
NN 294 kN(30 tf)
1A ] 36 (R <) 260 mm x 260 mm

By ST (Gl 390 mm x 390 mm

£ 81 400 mm

&) /RS R 150 / 300 mm

TH Fr B (il R S R A R

TR 7.3 kN(0.74 tf)

TR A 50 mm

| l’“’EﬁL"%?“‘ PR S 8~ A= SR L
ﬁl i 18 mm

Eﬁi @l s 16 mm

NGB 262 MPa (2679 kgf/cm?)

i A 14 cm® (0.50z)

Pt L[' 100 cm’/sec

A 70 mm

BASTS 500 mm/sec

ﬁ*ﬁ%ﬁb@,@ﬁ@ 400 rpm

YL 2 G ok e 4 F

S VS L B 230 mm




% 3.7 Kuraray PMMA GH-1000E #71{% %

HELE EFEEHF |GH-1000E
Koo e
e | BB % ISO 13468-1 |#f&H 4 3mm | 92
[E3 ,
- P - ISO 489 nd 1.49
=P EE T | MPa IS0 527-2 72
g | SIRPEF MPa IS0 527-2 3300
/)
| IR | MPa IS0 178 102
| gt | MPa IS0 178 3300
i —
C| BRI KJ/m? 1S0 179 20
TR IS0 2039-2 | M scale 101
. 1Af
i £ C IS0 75-1 95
1.8MPa
i (6 N IS0 306 104
= 230°C
™ | MFR g /10min | IS0 1133 5
3 37.3N
| e JISK7123 | J/(kg*K) 1.5
AU IR (7 R JISK7197 | 1/C 6x107°
g JIS KA1412 0.2
ke g/em® [ 1S0 1183 1.19
Bl RE(23C) | % 1S0 62 24hrs 0.3
£l
" By B 5k % IS0 8328 0.2~0.6
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q%.ﬁ' 3.1 Taylor Hobson Laser 635 %Elﬁﬁ@ﬂ £

Stylus Size

Data Point Spacing (X)

Stylus Movement (Z) I Traverse Unit
| |

Traverse Direction (X) ——»

[ﬁ' 3.2 BEEFPYER R N
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Beam Splitter
Photo
Diode
Hgﬂ 3.3 %‘E‘gﬁ‘&’gﬁ%w%ﬁ*ﬁﬁﬁ%ﬂ
|« Traverse Length .
Run-Up Over Travel
2 AL AANAAN \/ i \L !
: V\ fV \ I\ / \l 1\ !
I 1
_>4I4_ Sampling Length
(Cut-OfY)

)

Evaluation Length

34 W R S i
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Least Squares Line

ﬁ?ﬂ‘ 3.5 &) H I LS Line)

ﬂ%ﬂ[ 3.6 f& /] B 1 354(MZ Line)

Least Squares Arc

qia‘\' 3.7 &2 HPIE(LS Arc)
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= e e /
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|
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ol

||

!
f
i
L
f
|
i
|
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| L
b | i

[f' 3.9 [l Ep AR RO
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Form  — AAAAAAAA

NWAVMM Cut-Off ——> AWM

WY Sample —>  Ra, Rq, Rz etc...

[ﬁ' 3.10 YR FY i A

> =

[fi' 3.11 ZYGO NewView 6300 [1:4 7 1%
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White Light Source @

CCD Sensor

First Beam Splitter / O D

C”ﬁ\) Objective Lens
—— Reference mirror
PZT
a—m Second Beam Splitter

[ Specimen

[ﬁl 3.12 Mirau T #7550 22 50 3l q%ﬁ'
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[ 3.13 Sodick-TR30EH {115 H/#5

Ao o\
QS A

i 3.14 Sodick-TR30EH - V B 0 [ 1 7
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P AL R SR T 5

[
4.1 s R
Pl l%;f Al £ 52.35mm > 1 7 £ 40mm i 7l G i B
R > MLEFRE R 20— 5L RO o BRI ST 4.1 B  FEATRY

(e

Mﬁﬂﬁﬁi%ﬁﬂﬁﬁﬂﬁﬁﬁéwwiﬁﬁ# PR R AR S %ﬁw
ﬁl%j\ IEIEJJ%EBZU@F{# *I/Ffl{@ﬁ N _éfu . ]ﬁé[’":ifﬁﬁ,!, , Elﬁ,%ﬁﬁﬂl’qzugla{@iﬁ
B o PIHR P (L ok S, o 9t B RS W[*’&%?f :
}H Jiﬂ[v I["WF'HE:I%F[W?%JFEJJE‘# TR R AR F[I gl%lﬂwﬁ%#

"fifﬁiﬁr%?rf o FRE S B e B R R Y T R S PR Y
iﬁiﬁiﬁ@l%?f > AR IR T R B o Rl g e ) O ] g i
T‘iri%['ﬁl@%?%f PR &3 A B o P 2 /*EE'EJE%FF# WFT‘i%L[%%ﬁ
E'J’;ﬁi‘gji%[ I(Fan Gate)fli&iH pu 3 ER - B I 2.2mm ¥ = 0.6mm >
REFHIA BRI IS = 5 ST e J\E'l*ﬁif%ﬁ;’lﬁ@ﬁﬁ%ﬁ’ G L
Y It

iy B S J« ok pf i 0 [9EpDE ’”Mﬁf!lﬁﬂ‘f*? ’IFLF}}'_‘\— &

ThhE A ﬂlpﬂ’i%‘kﬁ«ﬁ:ﬁfﬁ = TR B ﬁrm
rir«ﬁl]ﬁ A I 1T Y PR A I mﬁﬁ 15 = U"M&W [HIAE ™ ARk

, [Ejgﬁyﬁgiﬂi/ %ﬁa brfl{ BV £ 5 o [T (RS Y Fﬁ{ m’ﬁg&lj qa€ - LHj—Jy{e‘[i[
71’ F‘ ['pZF'JFUﬁ*II%ﬁ [ LS TR E\ﬂjﬁiﬁl‘fﬁﬂﬁlﬁu’% » BETE S R
rmfrﬁ’?@*ﬁ”“?‘fﬁ#m’

PIOE > ST juﬁ;lﬂfi-ﬂ]ﬁ fg— Iﬁiﬂﬂ%ﬁ IS SRS N R T

WRR N > I R S pUiE R }'ﬁﬁl‘ﬁm“ﬁﬁﬁ% » IS {5 8 o
HKEFE -

T‘i‘(?ﬁ ,E.ﬂlr%ﬂ’r oo 2 RTARLL A g ’g‘%@“ s ol (bubbler)ﬂi%ﬂf
s A ﬁ S R A F' BRI IESE & o B9 F’ F
[pPE S ;f o Y LR SR BT IP*BT gk % 3 =
5 fﬁpfﬂ?f&?’zﬁi - pﬁﬂ‘?]ﬁ;[%qH e IS, R 2 S HJ
REL I S G A PR o [ LT AR R B DR 4.2 B e

Wi
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e

EAY

B BB S B o D 4.3 B

-

4.2 R 5T T

CAE(Computer-Aided Engineering)ﬂ”%ﬁ ?Eﬂs[ﬂp u%l PR AR
BRI > BORE T @ﬂ%ﬁ%bywwﬂu e 7 '[*EHB%E& T fRE
F”F}EE«E ° T Rk Fﬁ:fﬁ%%ﬂfi i AR ERAASL %;HIT RV EBEE (S5
PR ST Sk 07 CAE 47 S RS
S BIEOE o SBR[ PVRE AT B s

4.2.1 W B

A A T’?ﬁ_ﬂ?ﬂ Moldflow MPI 5.0 3% /= &fi A 55 v - ik o
S T SRS AT I 4.4 T [ 7B R R 55 Kuraray
PMMA - El ﬁ;_ﬁqvp @#f]ﬁ[;ﬁ{@ly[[% 4.1 Hra. o EHHJW&AHJFUHLI';&f{J
£ Sodick-TR30EH - T‘i;-{ﬁ“ Model # = 5t A i o i%éﬁ#[é‘?ﬁ&fﬁ%& I
w#l*@gjﬁjﬁil HY 75

[fi! 4.5 = o KL T’"“'ﬁcﬁj\?yﬂ}i‘% F P [ e A BIE G S5 0 [ 4.6
Fra. s £ U JEIHQE\B[EQI » LT ] ST IE[J:’[UiTFEijIEﬂ_[E 7[Rl %:HIEW“J;EJ
BRI A PR A R AL ERFLIE T T B g Sy I ELRE 63°C
ik 228°C Ry BRI [l 0.8 F) > 2 2V EL IR L SR 60°CAIEE 230C &5
[ ESpY 55

] A A Ry B g 5 ri?'uﬁﬁﬁfﬂiﬂﬁﬂ“‘ﬁ“ O SENRLS AR IR
'r??#iﬁjﬂ > WIS 5 BTG 0.8 7 I T Tl E”‘“JP“?m £l 60mm/sec -

4.2.2 BT 5

&SI FIRURST A T Hduﬁ;ﬁ s fpl EESRE A1 (B 2 i 22 1
adi A o Q%ﬂ47 £ F[*J&Frj[ﬁl’ FRH] ﬁ?ﬂjyﬁplgu%ﬁhﬁjf}ﬁ% IRy = ik H e
qg\l 4.8 £ ﬁp@‘g‘éiﬂjr*?{ ) {—Bi‘i_g‘[:ﬁ ‘ ) [ﬂ'\l[P_lr%\P E[[ﬁi{ FIJF 2 Ejjsr
E,sj\‘.z‘;m' [ﬁl 4.9 Hra. £ gﬁf[u;:{akm;;:p;gaﬁ* 1% 3.6 7 » ﬂl{;,érfjlb UE\JJTF'EH 0.8
*}EWP#Wﬁ% L%%3ﬂwﬁF?H%“%”40W%@%@Wﬁ*
B 8 w:m@éﬁ«aﬁ+ﬁ{wt1nMPm%uwﬁ«Ewﬁupn 80%

40



B fpUEES ] o [N B R EL 100MPa = [yl 4.10 3 BB Al = TREE S
[(SHE 05 C Ry AT v R[] > P4 Py F'JFUE%’E"— Hi- u’gmﬁ £ 5mm pﬂ
haZ & - P&'HII “@Hﬁh Al 0 U D R 20 PRV AN Y R
% o

REFIR T - o 1)) UESST AT B R R s g i3 4.2
B o

# 4.1 Kuraray PMMA 3855 2] 32 B

LSRR 50~90°C
KRR 210~ 230°C
ELENIRL 95°C

=g 21000 1/sec

#HiliE] | 0.41MPa

Fe 4.2 IR T 52 5
[ BT 100MPa
il TR ] 3sec
KB 230°C
LR 60°C
FE TR 60mm/sec

Yﬁ 'F‘,HEﬁ i 20sec
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(a) 7* f8t (b)~/ A& (cYL S 5 [
B 4.0 s

- .

)
@ N

[l 4.2 28 BT Al 3 0
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Limits for calculation of preferred molding window

Shear rate limit factor = 1.88
Shear stress limit factor = 1.88
Flow front temperature drop limit = 18.808 ©
Flow front temperature rise limit = 18.88
Injection pressure 1limit factor = a.98
Clamp force limit factor = a.98

Maximum Design Clamp Force 38.808 tonne

Maximum Design Injection Pressure 2 262.00 HPa

Recommended Hold Temperature = 63.33 €

Recommended HMelt Temperature = 228.95 C

Recommended Injection Time g B.8837 s

B 4.5 BT [ A B

r - - = . 573 . I I
i H
1
i 15125 [njection pressure molding witdoed XY Plot E
Mold temperoture: 63,33 [C] i
ek temperatore: 228.9 [C] ){‘
i 110.0 '
107.57 :
! :
; :
105.0
1 & H
$ 10257 :
10007
i '
H
97 .54 \
| E
9500 '
[
’Tm[]l :
¥ =093 76[MP4] i
! 92.50 T T ¥ v v ¥ ' H
! E.000E 0.5800 1000 1.500 2,080 2.500 3000 3.500 E
i Infectlon Smels) E
b

i 4.6 U ]l sy
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Scale (70 mm}

ﬁ%ﬁ' 4.7 iﬁ‘;‘wiﬁ/ﬁfj [}%,11

IDELOW PLASTICS INSIGHE

MDELOW PLASTICS INSIGHT. ________________Scale (70 mm]
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' - I
1.000 7 T TS I -2 a5 T L e e T S W €71 i
:=1.aou ; | E

W 13455 i

E

@ 13183 '

H

0.8000 7 ! E
' i

LY ! E

E

E

H

0.66000 7 i
E

E

E

E

H

0.4000 7 H
i

E

E

S |

6.2000 7 i
E

i

i

i

p.00pp v T T T T ¥ Y E
0.0900 5.000 10.00 15.00 20,00 Zh.00 30.00 35.00 :
Time[g] AT

B 4.9 Vel TSB! [ R

Pressore st end o ﬂll;
= FT.I7[MPaj:

o o N I o Y o o o ]

|MorpFLow PLaSTICS INSIGHT. - Scale (@0 mm] ____ . -




: 225.0 Bulk temperature2¢y Plot A 2017
3
E W 72806
i 200.0" & T5906
3
|
i 175.0]
:
:
' 150.0°
; w
:
E 125.01
E
:
: 100.01 \ — 5]
X=1704]3 il

| i
E

75.00 ey

5600
0.0000 5.000 10.00 15.00 20.00 25.00 30.00 35.00
Timelg] [

B 4.1 14 s
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5.1 @A

A 5.1 AL A BRI [ o A AT~ i B 52.35mm i £
40mm T (hiFE S (ERY BRI R - Al 2Py TR AR £ Kuraray fY PMMA
FERL o pHve STy BIpv B oL S ﬂﬁ%'r%;:, = B & ey dsig o 1y
S RS B i F TJ% [ RY R o [N PR LS f[ﬁ'ﬁ‘@*ggﬁﬁ :

(1) I ﬁﬂWwﬁﬁ%mAawmmmmmsoﬁﬁzﬁ@m%@%@w
ﬁW%ﬁWﬂwwfﬁ& TRIEL ~ (R (USR]~ T 105l " Fsy
ﬁﬁaWﬁ* P SRS BRI R g7 aR 2 Yo LB 2 AL
PRt

(2) 3 15 LA T 40RO 1 5 T 2 Bk U, r%%f L wuew
a@@wwy | SSRGS G ER TR LR~ UBSES) (U [
S

(3) ML (=75 B B g M o 53 I A P B 'vw W 3 T R
N R TR R e N e A L ﬁj o B A [ s B
B

5.2 %Gl i B

i?%hﬁ%ﬂ“%ﬁﬁmﬁﬁﬁiﬁéﬁéf’Jlﬂﬂﬁi421ﬁﬁﬁﬁﬂﬁﬁﬁ?
f:FJ E\J’?‘/’WJI%Hr £l “Lilp[a“'%"%%?’ FI o0 WIEPRE ~ R ~ pUESES] ~ RURSE
WS - PSR SORBU R BN R 5.0 [ BR[O B
(/pg% 5.2 Ffr. » By BIpVEh A (;pﬁ;ﬁl 5.2 ¢
FLOF B Bk S0 8RR T [RIPY 9E P FL[ ELWl{?%iﬁ’?‘?“ﬂ I’ﬂ;‘é » {H
EEr A lﬂﬂﬂr] SNl PE?FISJ%E‘I*?'ﬁ%ﬂm & YE - NI HER
[ s for s g pu I B AL RE R E}Efﬁl ﬁ%‘iﬁiﬁ%@%iﬁ[ﬁ[%%liw
oo R MRS (R (XIS BT (WS TR AT S A B Y F SR
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5.3 &4 Ukl

HRE TS B B N I PO AR R - 4
)—JIZJIU%ZH ENHD 27 HITF ] Taylor Hobson% mEn ] ZYGO Newview
f f [~ 14T 5T
PR T e 38 17 S ol S AT R [ B S T B R B

-

AT B AVERE o R RS B SRR R A

WD) ) R B f/Dﬁ%\‘53F’?ﬂ 53 I xx%p Y-Y e SRS
£

w2 PP e (RS o BIRIEYE (627 15 4.8mm o [if 46 (Cut-Off)

it Cut-Off ffli & =] - FJLLMJ;EJH | “E}F i Cut-OFf fii » AET%‘IH
PR | ”P:l[ﬁ[ | N PURY S - Z/Dﬁ%\‘ 5.4~5.7 Fra. > LA MR E I?EIJI&f_E_F' F
[l Cut-Off l’iﬂ?’?ﬁi@?fj e fiu L » Jif Cut-OFf ffl £ 0.08 mm {1 0.25 mm i »
IR = R SR R L AR SR R A T OB T
’F’Tﬁﬁ’?‘/ﬁt’*‘ & e VR ST Cut-OFf [ 55 0.8 mm [f > 7 F== i [k
LR Do LT R ﬂfﬁﬁ%ﬁfﬂ’%‘“ & Cut-Off ffi £5 2.5 mm [ij - i

) BT 1S 38 SR B ) B B R ]ﬂg ) o A% F[ SRaE R a DE T U oy e
Cut-Off ffipv X =3V 0.8 mm -
li E |7‘Lj 3$I§QE|€J£?[\EH ) j?E”Eﬂj [ﬂ )F;:"le [ b H[‘ [lt EL({:& , 'I'??EUF[U

A B 1.41x1.06 mm > HEATE £ 640%480 q%\'w o

7 A B G R R B 'F“Sﬁg'* F"[ po A B TR LS 3
5 g’?‘fﬂ' il S MR 5.8 A o i [FIRCE R PHEEED X ?E
BN A FL%;JH:E; R52 35 mm [l g ’?[éﬁitvq;w{hk Al sk 4 @ ﬁ E/
E[lif?qwﬁ.agwﬁq@ﬁﬁ AR SRS ISR Y e o
FIHIE P T R AL R A R R O B

—
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A 51 N B BHEE

o
sec mm/sec

60 1.0 220 40 50
80 1.5 230 50 60
100 2.0 240 60 70
120 250 70 80
140 80

90

%52 [t By

fpLES S tligd
2sec 1sec 9.5mm |10.5 mm| 13 mm | 45 mm | 50 mm
25MPa | 100MPa 40 mm/s 50 mm/s | 60 mm/s 45 mm/s

B |ﬁiiﬂ il |V-P RN =R AR RS %i‘rﬁﬂﬁﬂﬂlf’ﬁfﬁﬁﬁf

230°C | 60C |20sec| 98MPa | 117MPa | 4.19mm | 0.79sec 33sec
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55 ik Fgg“?f
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FIk T
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il 5.1 B i
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X = T X

gate
}/

[ 5.3 AUk kRl o

T T T | LRI B B | = T L
a Lt 1 LE x 27 + 15 L L 1] B 3

(a) VEO ]

W

T T T T T T T T T T T
il 05 1 15 2 25 3 35 4 4.5 5 55 =] 55 mm

(b) YROH iz
[l 5.4 Cut-Off 0.08 mm VI fi| 2= VL
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T T T T T T T T
u] 04 1 1.5 2z 24 = 24 < 4.5 a 58 =1 6.5 mm

(a) VE ]

nm
84
&3
4z
21
ol y T J T y T y T y T ) T y
0 0.5 1 1.5 z 25 3 35 4 45 5 515 ] 6.5 mm

(b) R i
[fi' 5.5 Cut-Off 0.25 mm RO [ %= VR0

(a) VEO ]

nm
100
50
04 . | . | . | . | . | . | .
0 06 1 15 2 25 3 26 4 45 5 55 & 6.5 mm

(b) ¥ iz
[f' 5.6 Cut-Off 0.8 mm YRV [ Vi) i

53



T T T T T T T T
u] 04 1 1.5 2z 24 = 24 < 4.5 a 58 =1 6.5 mm

(a) VE ]

nm

100
50
u] T T

1 T T T T T T T T T T
u] 04 1 1.5 z 248 2 24 4 4.5 a 586 =1 6.5 mm
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26,1 48[ B R

Ra(nm) | RMS(nm) | fliZ (mm)
ke 8.5 10.9 52.36
FIv T 86 8.71 11.30 52.18

H 6.2 T [l fpl ] 1 B

(MPa) Ra RMS Hh = Ra RMS Hh 2
(nm) (nm) (mm) (nm) (nm) (mm)

40 17.3 24.3 63.99 20.93 33.38 64.49
60 14.6 20.9 66.12 16.04 25.90 66.59
80 17.0 24 .4 66.40 16.29 27.88 65.06
100 16.2 26.3 58.24 17.63 32.68 61.05
120 14.2 21.8 55.70 14.75 31.19 56.52
140 14.4 22.5 53.12 17.52 31.33 52.93

# 6.3 7 [l S ] poo &35
(LIS T * P [N YR

o) Ra RMS il Ra RMS =S
(nm) (nm) (mm) (nm) (nm) (mm)
0.5 27.1 37.5 128.24 21.77 35.17 125.44
1.0 16.2 26.3 58.24 17.63 32.68 61.05
1.5 20.2 29.9 67.75 19.48 30.92 67.07
2.0 19.4 28.7 61.06 18.53 33.63 62.34
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* 6.4 IS O B

e L A
(C) Ra RMS B Ra RMS B
(nm) (nm) (mm) (nm) (nm) (mm)
210 20.5 32.2 72.70 20.52 30.60 74.85
220 18.5 30.3 63.63 17.06 34.20 65.14
230 16.2 26.3 58.24 17.63 32.68 61.05
240 34.3 49.7 76.50 19.83 39.21 68.73
250 35.4 48.9 80.13 24.14 46.13 91.87

F 6.5 T [AMELEN IR R Y Bl IR N

fELE SR < [ 0 FIoA T 1
(C) Ra RMS B Ra RMS B
(nm) (nm) (mm) (nm) (nm) (mm)
30 29.4 52.7 57.87 29.68 54.94 59.06
40 25.3 42.2 59.63 29.49 50.86 61.27
50 22.2 33.3 58.82 22.35 40.23 61.53
60 16.2 26.3 58.24 17.63 32.68 61.05
70 17.0 22.8 60.02 15.68 23.05 59.19
80 13.6 18.0 53.53 11.56 18.23 53.79
90 9.5 15.1 54.22 10.43 16.57 54.68

F 6.6 7 [Fil £l hogl e o B A N

S LS Bk FIokT R
IS IS
(mm/sec) (r?r?]) Fm?) (Emi) (r?r%) Fiﬁ”rf) (Emi)
40 23.7 35.1 78.51 19.75 32.55 83.02
50 26.8 36.2 86.45 20.60 32.13 86.68
60 16.2 26.3 58.24 17.63 32.68 61.05
70 15.6 24.5 62.35 18.13 36.62 63.77
80 16.2 22.6 61.20 18.28 35.53 64.29
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[ Eca

(U] 40MPa

Ra (nm) [Rms (nm)fTi=(mm)
1-x 18.2 25.1 65.47
1-y 12.6 16.6 62.23
2-X 18.0 24.0 66.75
2-y 15.0 25.1 64.21
3-X 19.2 25.5 62.94
3-y 20.6 29.5 62.36
avg. 17.3 24.3 63.99

RUEES]) 60MPa

Ra (nm) [Rms (nm)|fTi=(mm)
1-x 15.1 20.0 67.34
1-y 13.9 18.9 65.00
2-X 18.3 25.0 67.53
2-y 134 22.6 64.86
3-X 12.8 19.0 66.93
3-y 13.8 19.8 65.04
avg. 14.6 20.9 66.12

RUEES]) 80MPa

Ra (nm) [Rms (nm)|fTi=(mm)
1-x 16.4 26.2 66.25
1-y 15.1 16.3 63.73
2-X 17.9 27.6 66.44
2-y 16.1 26.2 65.26
3-X 16.8 26.3 69.67
3-y 19.7 23.7 67.02
avg. 17.0 24.4 66.40

EE] s 100MPa

Ra (nm) [Rms (nm)|fTi==(mm
1-x 17.3 29.9 58.27
1-y 15.6 29.2 58.65
2-X 17.0 244 59.31
2-y 16.6 23.8 58.65
3-x 15.6 213 58.43
3-y 15.3 29.2 56.11
avg. 16.2 26.3 58.24

(RUEYES ] 120MPa

Ra (nm) [Rms (nm)|fTi==(mm
1-x 12.8 19.6 56.76
1-y 10.6 14.3 54.50
2-X 10.4 16.2 53.46
2-y 20.2 35.8 53.38
3-x 14.7 21.6 57.71
3-y 16.2 23.0 58.33
avg. 14.2 21.8 55.70

(RUEYES T 140MPa

Ra (nm) [Rms (nm)|fTi==(mm
1-x 11.0 15.0 54.51
1y 16.9 218 54.33
2-X 13.0 19.0 52.96
2-y 13.7 19.5 52.80
3-x 11.2 17.8 51.91
3-y 20.7 36.1 52.21
avg. 14.4 22.5 53.12

P W77 (W4, ENIROCY 1 5.3
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[ Eca

W E&Eﬁ [t 0.5 sec
Ra (nm) [Rms (nm)fTi=(mm)
1-x 21.5 314 157.20
1-y 27.7 41.6 147.02
2-X 21.8 27.6 127.39
2-y 25.0 319 134.76
3-X 33.9 46.9 94.23
3-y 324 45.6 108.81
avg. 27.1 37.5 128.24
o E&E\ﬂj fif] 1.0 sec
Ra (nm) [Rms (nm)|fTi=(mm)
1-x 17.3 29.9 58.27
1-y 15.6 29.2 58.65
2-X 17.0 244 59.31
2-y 16.6 23.8 58.65
3-X 15.6 21.3 58.43
3-y 15.3 29.2 56.11
avg. 16.2 26.3 58.24
i E&Eﬁ [t 1.5 sec
Ra (nm) [Rms (nm)|fTi=(mm)
1-x 19.5 22.1 65.11
1-y 20.4 30.7 65.12
2-X 20.9 32.7 70.99
2-y 20.5 29.3 70.29
3-X 20.2 206.6 68.27
3-y 19.6 379 66.69
avg. 20.2 29.9 67.75

BRI ] 2.0 sec
Ra (nm) [Rms (nm)|fTi==(mm
1-x 19.5 31.1 60.43
1y 25.1 40.2 60.52
2-X 19.3 264 60.97
2-y 15.2 23.8 60.42
3-X 21.5 204 61.83
3-y 15.9 24.5 62.20
avg. 194 28.7 61.06

e TR FF 59 = RS, BRI Y 8.3

80




[ Eca

FRIRIEVE 210 °C

Ra (nm) [Rms (nm)fTi=(mm)
1-x 23.1 33.3 71.84
1y 16.8 209 73.86
2-X 23.1 33.6 70.03
2-y 16.0 214 73.23
3-x 27.2 57.8 72.23
3-y 16.6 259 74.98
avg. 20.5 32.2 72.70

TR 220 °C

Ra (nm) [Rms (nm)|fTi=(mm)
1-x 18.6 25.8 63.25
1y 12.8 17.3 63.85
2-X 17.4 25.6 63.17
2-y 18.2 26.2 64.87
3-x 24.5 56.6 62.75
3-y 19.4 30.4 63.88
avg. 18.5 30.3 63.63

TR 230 °C

Ra (nm) [Rms (nm)|fTi=(mm)
1-x 17.3 29.9 58.27
1y 15.6 29.2 58.65
2-X 17.0 24.4 59.31
2-y 16.6 23.8 58.65
3-x 15.6 21.3 58.43
3-y 15.3 29.2 56.11
avg. 16.2 26.3 58.24

TRTEIEVE 240 C

Ra (nm) [Rms (nm)|fTi==(mm
1-x 21.3 30.3 04.77
1-y 224 40.8 07.48
2-X 54.9 64.0 81.30
2-y 44.9 58.1 102.94
3-x 26.1 41.1 67.55
3-y 36.0 63.9 74.97
avg. 34.3 49.7 76.50

THIRIEVE 250 °C

Ra (nm) [Rms (nm)|fTi==(mm
1-x 40.8 54.3 04.72
1-y 14.6 20.6 72.58
2-X 49.6 60.8 75.59
2-y 45.2 70.2 102.41
3-x 339 46.7 77.89
3-y 28.2 40.8 87.59
avg. 354 48.9 80.13

P W57 [, EHIIROCY 1 5.3

81




[ Eca

FBLENEVE 30 °C
Ra (nm) |Rms (nm)|!i=(mm)
1-x 37.5 69.5 57.11
1-y 214 34.5 57.80
2-X 28.1 49.5 58.60
2-y 14.6 20.6 58.70
3-x 43.6 76.0 57.94
3-y 31.3 60.3 57.06
avg. 29.4 52.7 57.87
FLEEVE 40 °C
Ra (nm) |Rms (nm)|{!i=d(mm)
1-x 279 42.0 57.23
1-y 21.9 444 56.66
2-X 40.3 76.0 57.33
2-y 20.6 36.9 57.39
3-Xx 23.9 30.3 65.19
3-y 17.4 23.7 63.95
avg. 25.3 42.2 59.63
L2EVE 50 °C
Ra (nm) |Rms (nm)|{!i= (mm)
1-x 18.9 29.7 55.64
1-y 19.8 30.9 56.28
2-X 27.3 46.7 61.91
2-y 12.1 19.6 61.60
3-X 20.7 36.3 59.03
3-y 284 36.6 58.44
avg. 22.2 333 58.82
FBLENEVE 60 °C
Ra (nm) |Rms (nm)|!i=d(mm)
1-x 17.3 29.9 58.27
1-y 15.6 29.2 58.65
2-X 17.0 24.4 59.31
2-y 16.6 23.8 58.65
3-x 15.6 21.3 58.43
3-y 15.3 29.2 56.11
avg. 16.2 26.3 58.24

82

FLENEE 70 °C
Ra (nm) |Rms (nm)|!i:(mm
1-x 14.4 22.0 55.85
1-y 18.5 22.2 56.81
2-x 19.2 28.5 59.95
2-y 17.3 234 60.21
3-x 15.2 20.2 65.45
3-y 17.2 20.7 61.83
avg. 17.0 22.8 60.02
123k 80 °C
Ra (nm) |Rms (nm)|!i:=(mm
1-x 11.9 16.7 53.02
1y 16.2 23.7 53.36
2-x 11.2 13.9 54.26
2-y 14.5 18.1 53.57
3-x 12.5 16.9 52.57
3-y 15.3 18.6 54.40
avg. 13.6 18.0 53.53
FLENEVE 90 °C
Ra (nm) |Rms (nm)|{{!i=(mm
1-x 10.3 14.1 53.46
1-y 9.2 12.4 53.29
2-X 10.4 27.8 55.34
2-y 9.8 13.5 54.00
3-x 8.9 11.7 54.85
3-y 8.4 11.2 54.38
avg. 9.5 15.1 54.22




[ Eca

FHSHE 40 mm/sec

Ra (nm) [Rms (nm)fTi=(mm)
1-x 20.9 21.2 79.89
1y 19.1 279 76.11
2-X 29.3 45.8 78.45
2-y 21.8 353 76.53
3-x 34.0 51.3 81.29
3-y 16.9 22.9 78.19
avg. 23.7 35.1 78.51

FHEE 50 mm/sec

Ra (nm) [Rms (nm)|fTi=(mm)
1-x 31.9 44.7 84.73
1y 23.0 29.5 82.31
2-X 22.2 28.2 84.98
2-y 21.2 21.5 81.80
3-x 25.1 32.0 93.68
3-y 37.3 55.3 91.19
avg. 26.8 36.2 86.45

FHHE 60 mm/sec

Ra (nm) [Rms (nm)|fTi=(mm)
1-x 17.3 29.9 58.27
1y 15.6 29.2 58.65
2-X 17.0 24.4 59.31
2-y 16.6 23.8 58.65
3-x 15.6 21.3 58.43
3-y 15.3 29.2 56.11
avg. 16.2 26.3 58.24

FHEE 70 mm/sec

Ra (nm) [Rms (nm)|fTi==(mm
1-x 17.0 24.8 02.32
1-y 12.6 18.1 02.76
2-X 18.0 31.2 62.69
2-y 12.8 19.2 03.22
3-x 19.9 33.1 61.10
3-y 13.1 20.7 62.00
avg. 15.6 24.5 62.35

FhEE 80 mm/sec

Ra (nm) [Rms (nm)|fTi==(mm
1-x 19.0 20.1 60.02
1-y 14.3 21.0 62.02
2-X 20.5 33.7 63.49
2-y 15.6 20.0 64.65
3-x 16.0 9.1 53.45
3-y 11.7 16.5 63.59
avg. 16.2 22.6 61.20

P W57 (W4, EHIIROCY 1 5.3
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=

il (RT3 B

40
MPa

60
MPa

80
MPa

100
MPa

Ra 17.30 RMS 31.78

Ra 15.32 RMS 27.64

Ra 18.24 RMS 33.52

Ra 17.36 RMS 32.75
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=

120
MPa

140
MPa

Ra 16.59 RMS 24.24

Ra 18.72 RMS 35.42

Ra 15.40 RMS 30.86

T [ L B ] B0 3

0.5
sec

Ra 23.19 RMS 37.79

1.0
sec

Ra 17.30 RMS 31.78

No. 2

Ra 18.24 RMS 33.52

Ra 17.36  RMS 32.75

85



=

1.5
sec
Ra 20.62 RMS 34.33 | Ra 19.25 RMS 31.37 | Ral8.56 RMS 27.07
2.0
sec
Ra 19.61 RMS 33.58 | Ra20.13 RMS 33.10 | Ra 15.85 RMS 34.21
T A PR B #4k  nm
No. 1 No. 2 No. 3
210
(C)
Ra 18.49 RMS 28.22 | Ra 18.83 RMS 29.59
220
(C)

Ra 17.08 RMS 33.48

Ra 15.10 RMS 31.09

Ra 18.99 RMS 38.04
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=

230
(C)

Ra 17.30 RMS 31.78 | Ra 18.24 RMS 33.52 | Ra 17.36 RMS 32.75

240
(C)

Ra 20.67 RMS 41.47 | Ra20.34 RMS 38.32 | Ra 18.49 RMS 37.83

250
(C)

Ra24.06 RMS 47.91 | Ra24.46 RMS 46.48 | Ra 23.90 RMS 43.99

T RIS BT e nm

No. 1 No. 2 No. 3

Ra 31.69 RMS 56.68 | Ra 27.91 RMS 53.94 | Ra 29.44 RMS 54.20
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=

- g
R <

Ra 15.48 RMS 22.64 | Ra 16.55 RMS 21.17 | Ra 15.01 RMS 25.35
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=

80
(C)

Ra 12.30 RMS 18.37

90
(C)

No. 1 No. 2 No. 3

40
(mm
/sec)

50
(mm
/sec)

Ra 18.42 RMS 26.63 | Ra 20.49 RMS 34.95 | Ra 22.89 RMS 34.82
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=

60
(mm
/sec)

70
(mm
/sec)

80
(mm
/sec)

Ra 16.48 RMS 32.81

Ra 20.59 RMS 37.33

Ra 17.36  RMS 32.75

Ra 16.88 RMS 36.10

Ra 17.77 RMS 36.46
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B

HiGb  MPa i (mm) avg.
40 63.80 66.71 62.97 64.49

| 60 66.57 66.81 66.40 66.59
x| 80 66.16 66.09 62.92 65.06
B 100 61.08 60.71 61.35 61.05
T 120 56.43 53.83 59.29 56.52
140 54.51 52.53 51.74 52.93

HiGb @ sec i (mm) avg.
| 05 124.99 129.71 121.63 125.44
A<l 10 61.08 60.71 61.35 61.05
[ 15 65.82 68.79 66.59 67.07
i [ 2.0 62.05 61.94 63.02 62.34
HiGE 1 C iz (mm) avg.
210 74.13 75.39 75.04 74.85

" 220 65.51 65.92 63.99 65.14
LEL 230 61.08 60.71 61.35 61.05
240 67.85 62.19 76.14 68.73

250 73.05 111.69 90.88 91.87

Hit C Hliss (mm) avg.
30 59.11 58.80 59.28 59.06

40 58.09 58.48 67.25 61.27

" 50 57.58 63.00 64.00 61.53
i 60 61.08 60.71 61.35 61.05
70 57.96 59.81 59.79 59.19

80 52.92 5278 52.66 52.79

90 53.60 55.25 55.18 54.68

HiGb - mm/sec I (mm) avg.
. 40 84.13 81.09 83.85 83.02
J?L 50 87.31 88.26 84.47 86.68
i 60 61.08 60.71 61.35 61.05
iy 70 63.96 64.38 62.96 63.77
“ | s0 62.77 6537 64.74 64.29
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