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A Study on Fabrication of Large-area and Thin Light Guided Plates
using Injection-Compression Molding Technology

Student : yi syuan li Advisors : Dr chung ching huang

Institute of Mold and Die Engineering,

National Kaohsiung University of Applied Science

ABSTRACT

The purpose of this study is to investigate injection-compression molding can be
conducted for manufacturing large size and ultra thin light guide plate (LGP). For large
size LGP, uniform pressure distribution is important requirement during cycle time.
Hence, gate structure plays significant role to control even pressure distribution inside
of cavity. Three designs of gate structure, which are fan gate, fan and film gate, and
principle of the coathanger manifold, were optimized by mold-filling program for
producing polymethyl methacrylate light guide plate with length of 299.5 mm, width of
173.4 mm, and thickNess of 0.5 mm in this study. Then, the appropriate gate structure
was optimized to get better gate dimensions by using Taguchi method. The
injection-compression molding generates more uniform pressure distribution than
traditional injection molding. Melt and mold temperature cause significantly shrinkage
for large size and ultra thin LGP. Therefore, influence of molding conditions on the

cavity pressure history, residual stress distribution, and the part thickNess was identified



by experiments.

The numerical results show that the fan and film gate structure produced the
smallest difference of internal pressure and the lowest variation of temperature of these
gate structures at near gate location. Besides, numerical Taguchi results show that
thickNess of film structure of fan and film gate influences significantly on the internal
pressure distribution. So, the fan and film gate reduces a decrease in volume and it is
20% volume of the principle of the coathanger manifold gate. From the experimental
results, we found that stress mark arises during compression stage. And high mold
temperature and injection speed reduce the stress mark. The mold temperature and a
predefined compression position are important keys which affect significantly the
plastic part thickNess. Through this study, the fan and film gate structure is applicable
for manufacturing large size and ultra thin light guide plate using the
injection-compression molding process. The influences of the mold temperature, the
injection speed, and the predefined compression position on plastic part quality are

considered in this research.

Key word : Injection-compression, LGP (Light Guide Plate) , Thin-walled product, Gate

design
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P 0o Pressure at end of fill
= 230.9[MPa]

[MPa]

230.9 I

173.2
1155
57.73

.

Autodesk: : -

MOLD FLOW® INSIGHT Scale (200 mm]

il 3- 13 SR 1 A 55

Bulk temperature at end of fill
= 348.6[C]

Ic]

348.6 l

3.7
334.8

327.9

Autodesk: : !

MOLDFLOW® INSIGHT Scale (200 mm])

[ 3- 14 P R S 53
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P 0o Volumetric shrinkage
Time = 75.00[s]

1%

-0.0260 I

-0.8915

-1.757
-2.622

-3.488

b

-0
0
Autodesk’ ' ' "
MOLDFLOWS® INSIGHT Scale (200 mm)
qghl 3-15 %ﬁgﬁ{ [Fﬁiﬁ stk fﬁj
BT Deflection, all effects:Deflecti

Scale Factor = 10.00

[mm]

0.5344 I

0.4071
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0.1527
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Autodesk: | ' | ’

MOLDFLOW® INSIGHT Scale (200 mm)
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@t Average velocity

() ATE o HRNE S Ty [y
[ 3- 18 47 VR S 1 Pl e 5 £y

[E]Pa Oz Pressure at end of fill
= 201.8[MPa]
[MPa]
151.3

100.9

50.45

Autodesk®: ~ )

MOLDFLOW® INSIGHT Scale (200 mm)
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o Oy Bulk temperature at end of fill

= 340.4[C]
€]
340.4 l
333.6
326.8
319.9
— e ———— »
"
0
0
Autodesk® : '
MOLDFLOW® INSIGHT Scale (200 mm)
1 3- 20 " IRURE o SR B 53
s O Volumetric shrinkage

Time = 75.00[s]

1
0.5998 I

-0.3023
-1.204
-2.106

-3.009

Autodesk’ ' ' |

MOLDFLOW® INSIGHT Scale (200 mm]
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@] P 02 Deflection, all effects:Deflecti
Scale Factor = 10.00

[mm]
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Average velocity
Time = 0.2780s]
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P Oy Pressure at end of fill
= 188.8[MPa]

[MPa]

— 1Bﬂ.aI

141.6
94.39
47.20

.

0
0
Autodesk: ' ' ’
MOLD FLOW® INSIGHT Scale (200 mm)
[ﬁl 3- 26 j»gglf{jjﬁ_{ e t;gjﬁﬁq ASERR fﬁj
b oy Bulk temperature at end of fill
= 338.8[C]
Ic]
338.8 I
332.8
326.9
3209

Autodesk: ' ! ’

MOLDFLOW® INSIGHT Scale (200 mm])
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Ps By Volumetric shrinkage
Time = 89.79]s]

P

1.973 I

0.8167

-0.3398
-1.496

-2.653

o

Autodesk: 1 | '

MOLDFLOW® INSIGHT Scale (200 mm)
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1] Deflection, all effects:Deflection
Scale Factor = 10.00

[mm]
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2.035
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L -39
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1

Autodesk’ ' ' '
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@k Pressure at end of fill
= 230.9{MPa)
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R T S TR O AR ] - 3R AR
S SIN E 3 BB 7 + 1SS N O R S R L

4.4.6 7 I {28 |(Interaction)

AN 6 l'[ﬁ‘[“g'ﬁ'mﬁi%ﬁﬂfé’ﬁﬁ' > Feor [ gl P
12 T RYE > Ao (I Rl fE e 2 (2R ISR 1 s tiilepo gy
ﬁ%ﬁﬁ’%ﬁ P A (i s ROREE ) ToRLm B =W 5 BT Pt 1 P
VD[R] IR 2 R e R 5 R R R R R
F1 0 FRLEDE FITVR I IS SRR 3 2 (B2 2 g3 2RIy
BHER Ve Ao B BEATIPV R AR (3 D (B R 4 pugy B e G pu sl

M

=}

0

4.4.7 g ge55 PFr(Analysis Of Variance, ANOVA)
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YT PR FE 1B P O W S R R ¢ T
SBR[ R UGS R AR
RLFIP 4 RO P 1 i £ 4 S B s = Bl O ) -
# ffE'l%%F SR RS BRYTHTR  I1R 46T L PRI 53] -

H>

1. = Aggh(Sum Of Square Due To Total Variation) - £} 5 Fi XV SIN Fpuigp s el £

FIRIFAUS /N P2t S5[08 [N Ll ot 47y

S; =2 -CF ©)
i=1

2 7@ gvi(Sum Of Square) ZF‘ﬁ [ ek

{Z A } (5)

o Ny

3FIFIG(F) » PERRIT S 7] oot
f=p-1 (6)

4 7g ! (Error Variance) » 2/ ER )] * RN

Sa

W _ 2a
A fA

(7)

5.:¢T7gEr)(Pure Sum Of Square)
Sa=S,~(fyxV,) (8)

BABE!=(F Value) » il #7¢1 REE [U Sh5 — [R5 Bl
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Fa=— )

FUEE (Contribution) » #7115~ [P SFERRTURYEA S

0 :z_:xw% (10)
8 7L TFid )
S. =S.-S,-S, .., (12)
0. FF IS
ST ¢ (12)
103 SRRV
. SS (13)

T

448 BENTEAFRETR
AR PR R R g R AR R R R T R
(D).} el Mﬁ[ﬂa ot SIN PSRV F AR R & o 2R T S
(2) SIS R A (OB SRR T B S N VR R R
(3)-FFFIH AR AE (2 T R ke -
(4)- DIERR == ERaa B B At 0 2 B > JISTEFS a5 2 (BRI - 1
AL ST (=
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(5). | RYA A b IObs e PR (A £ o 2 F RIS -

(6).1 P FEAL (1 R R BB S E I AT A

(7) 3517 F R (O ET IR (F-test) » SERAE! G753 A0 FURE T FIfIURL - Fotest fA
I B[t o) PRl HOLHE IS RL Py S (5 e > 20y 2 )
[N PUETRI: » ik 4-7 R

4.5 S VESERS B9 &

451 FHHVESHERS B

S VRS BT OO R P IS RS ERISW 1 BRI RS s B
7 BT 1A HEB3fEL quaM -9 [P RG] tZ}HTg« PSS G BSLOT (e (5L
S MSLZERAS) - SRR IR o ST - G IRARI T = I TSt fe (0 2 T
W@%F@wﬁ)ﬁ ﬂ[%@ﬁ%ﬁ%%@%ﬁ’%ﬁ»%%fﬂ’eﬁgﬁw
(o %'[E%fﬁ;ﬁl‘&’?@h*'[@ AR RBEVRDE 2 0 S BB R R R
P 2 B AL - @%{tﬁﬁltﬁﬁﬂli [ FRORSAS 2 AL SESL)) P
& TBX (SRESHE (USSR 2] «F[ﬁ&%‘l@*}mwtfﬁ\ﬂj‘ ’méﬁjO.Sﬂ o
4.5.2 FHIVESEH RIS RET

T VRS TR 5 oIS B A O ) S A8
TS~ LS FRSIEREES o BRI B DR & BRI R Sl B
BRI+ PR S |2+ PSR TS R PR G B TR
o et S S Bl [T R RSB ] 450K EESH ] (TR 310°C
FASIHES 0.02mm e EE I EIRTE - WSS PRI I A A 4-8 > 4 HikR] |- 32

B B TP SR AT R E » Y( )  9ER
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(a) HiERI] Level 1 SR {BRLFLYER" » A~ BUAHIET - [hIE PafEft -
IS Bl St LA RS TR, AU F 1T PRIE 310°C ~ [FIASLEREEET, 0.02mm (=
ELBTESERE > PRBRIBIE, ~ RSO0 i~ Felogd ﬂggkrﬁ P i
RR PR BRI YA 4-9 -
(b) [P S PN S i B R o SRR R S R TR
F'F”%*"Eﬁj#i' 7 D SRR T o LT AR < R LR (S
P U S AT IR R gﬂt Sl e ] [/FTJ,, WP
B[ 4-10 -
(€) I'JHrkE 6 A FRIGNE » FHLNFIESURS R R A 0.5mm AP b U
oS TR » 0 2B R TERG V T - ORISR R 4-11 ¢
4.6 2% TR A
ENHRESA BT & (ORI S S U STV o S AL
ARSI ~ LED SUVR - JEACIRCS 50 133 [ T AR I 4-10 - K8
TRRIFE 2 F[H ] BM7 4 3G 55 BHRIE A S 1 El@,ﬁ”**" » RS o h R
FASE AP A T » S5 S RRNHRE (f4-11) 1 13 RENRIE (' 4-12) F BHRIEAY
B, (St 0 o |V NIRRT VBRI 4-12 7 Y 13 BT Heeg
3500nit ~ ¥5=17 75% > 5 R FapEire, 3600nit ~ 19 50 859 « h HFERTAML -
ENRpA TR > BM7 [Ag ) RS 1°0 37U ABAT S BMT U EHHIZHEERE 500mm(d
[ 4-13 Frn ) e R REAS R (R 5~6) M Dt = (Rl L~ R A g i
(DI 4-14<FF PIISPRIE[ 2 SEUN(L4) SR IS QR R R 03 B2 ().

(et 7 FR 7 [l ek~ ¥R, fi1)x100% (14)
(?’5 R il £ )X 100% (15)
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% 4-1GH-1000S -k 2 3% By |1 (PMMA)Ps 1%

FIE! ijfﬁ i b GH-1000S
ER Sy Py D1003 % 93
Y D1003 9% 0.1
GIEUEEN D542 1.49
g IEAR D636 kgf/cm? 740
=3 D638 % 5
e D790 kgf/cm? 1180
(LI D790 kgf/em? 3.4x10°*
Izod fEERATE D256 kgf/cm? 26
ViR D785 M scale 101
B Ly
ERIE Y
TETR) D648 ® 92
(F|E11%) 101
MFR D1238 g/10min 10
I RE S D1525 (® 113
B PRy
R D729 1.19
Wt D955 0.002~0.006
RAE A
fi7h I ‘C&hr. 80~100&4~6
TR W C 230~280
LRV C 50~90
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A 4- 2 G U

A= SO A TR S
BT KN(E) 4420(450)
R () mm 260 x 260
S IET (1 x 7 mm 1210 x1210
tfE mm 1600
B[ R AELE R mm 350/ 800
TEiEl )0 KN(H) 99(10.0)
TEHEN SR mm 180

F 4- 3 FTHHRGRI = H LA

Tﬁl@[ R 40
A S VES] s MPa(kg/em?) 341(3477)
FHevE cm® 14(0.50z)
B cm®/sec 1256
iﬁﬁ;fﬁtl S mm/sec 1000
PEAR =R mm 180
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o 4 4 PRI Ve

Exp. | IS | EHIPY | EIRS | Y | A
(A) (B) (©) (D)
1 Al Bl C1l D1 Al1B1C1D1
2 Al B2 C2 D2 A1B2C2D2
3 Al B3 (58 D3 A1B3C3D3
4 A2 Bl C2 D3 A2B1C2D3
5 A2 B2 C3 D1 A2B2C3D1
6 A2 B3 Ci1 D2 A2B3C1D2
7 A3 Bl C3 D2 A3B1C3D2
8 A3 B2 C1l D3 A3B2C1D3
9 A3 B3 C2 D1 A3B3C2D1
% 4-54 f[ﬁ'ﬁ’ﬁﬂﬁdg'ﬂ/ WSS
Factor A Factor B Factor C Factor D

Level 1 Al Bl C1 D1
Level 2 Al B2 C2 D2
Level 3 Al B3 C3 D3
Effect Amax-Anmin Bmax-Bmin Crmax-Cin Drmax-Dhmin
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46 PRI R RS A R

ﬂfﬁﬂ @Ry | IR Tl AR B l'ﬁ e ElfIl®

fRI=” (S) (f) V) () (Confidence) | (Significant)
Factor A | Sa fa Va Fa
FactorB | Sg fg Ve Fe
Factor C | Sc fc Ve Fc
Factor D | Sp fg Vs Fo

Error Se fe Vrs S (HifeE)

Total “NOTE :At Least % Confidence(f# [ [’ﬁbx “j i)

F 4-7 ] fﬁ'ﬂ’ﬁjﬂ[ﬂg'? A B Pk

Eﬁfﬁﬂ[ﬂg C | REES) | FIEvE(F) | ABEI(V) | ATREEs (S) UL (p)
Factor A Sa fa Va S A PA
Factor B Sg fg Vg Se PB
Factor C Sc fc Ve S ¢ pC
Factor D Sp fg Vs S b PD
Error(e) Se fe Ve S . Pe
Total(T)
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o 4- 8 S TR T

W 2HBE
VIP =51 PER 40mm
P EESRE ] 47}
SRR 30MPa
TPREE 310C
LR 85C
Yﬁ'ﬁﬂifﬁ s
‘{ﬁ 'F}H [ Feil 35sec
RN 0.02mm
Bt ] 4420kN
ﬁ%f‘,iﬂ%i J-450AD-UPS ; F’ﬁﬁi‘)iz 450 ton
ST A
BASRVES]=334 MPa IR 5 =40mm
F 4- 9 G VES ﬁwﬁﬂ?@ﬁvxgy%‘#
Factors Level 1 | Level2 | Level3 | Level4 | Level5
A - gl (C) 75 85
B : FfE (mm/s) 100-250 | 100-275 | 100-300 | 100-325 | 100-350
C: [l E%;q PF" (mm) 80 82.5 85 87.5 90
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% 4- 10 LB BIRBR1 R

S VERSERS TY-[ R

R (C) 85
LS AR R 0.02mm
A B fef (mm) 85
=l 4420kN
B~ g R il
FIRE 1 (mm/s) 200-225-250-300-250
FHHUE 2 (mmfs) 200-250-300-350-300
S SE 3 (mm/s) 200-300-350-400-350
SIS 4 (mm/s) 200-300-450-600-450
SFHOE 5 (mms) 200-400-600-800-650

e 4 1L VIS BRI A

ol "Eﬁqb}& - [l Ras 3

FHE (C) 85
LS IS 0.02mm
Pl ESEEE el (mm) 85
LAt 4420kN
Hi— SRR |
ST 1 (mmis) 200-250-295-315-335-300
FHGHE 2 (mm/s) 200-250-315-345-375-345
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FHSRE 3 (mmfs) 200-250-335-405-475-405
SRS 4 (mm/s) 200-250-350-450-550-450
FHSR 5 (mm/s) 200-400-600-800-650-610
FHR 6 (mm/s) 200-250-410-630-860-630
F< 4- 12 ERHIRAP AR TS
AiE! s
2 sl 1R 3500nit?
SR 3600nit?
0
K 13 R 75%1
SR 85%1

Gt B AS 55 B e

! . !

FIF kiR , —

| |

B s BN 5 T R

| !

3 TE] Al T ] S
R ﬁﬁﬁiiﬂﬂﬁ@
SIS

[ 4- 1 AR
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TEMIIEN- ERE T 2@B| (JIMS K1001)
Madel: J220AD" J2B0AD J350AD: J4S0AD

i 4- 2 [

[ 4- 3BM7 ~+ dieird, 5
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WREERE o B |

—— o —— |

¥ F=—— =TT
e I

|
WERIFERTAIE L e

SRS B YA
SN [F (ANOVA)

BEZRE G

P

il 4- 4 F 1T 1SRRI
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:%.:—:kg'}n f"
F—RER
B4 o LS A

q\g‘]l 4- 6 5 1] F%;fﬁ@ﬁl [
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¥ | || RERH
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A
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AR ( Eﬁﬁi??jlﬁ‘
5.0 F (LIRS IR (R
LIS %’L?r Hi o };ﬁq = FEE I%%E*}ﬁ/ﬁﬁ TR P RS R
PRGBS o TSI BT BRSSP R R o O]
SEP L I S TN R (R TR IR TP R
[ o P ] T R JESEE  RREEE T @%Fﬁpﬁﬁ > B
ORI F e RIS e REERRI RN R |
Pr(w) ~ B IR(L) ~ 5T VERRVRE (HL) ~ BT va R (H2) S s B [
PRI > B RNSTT 2 (R0 51 B o PR TG £ 4x (3-1) =8
Tl L3 ) & ARl A 15 a5 B i -
ISt 3 A7 f MoldFlow 59 AR 1] T S HAy G - B 2 ]y
53 18 T BT P VS T AR [ A TR P T O ATROR S BHIT 9
B B 1A 520 fIUSLI 5-1 7 M (R = SIN FFETONA 53 7 -
At FTLTSIN B i o Gt [plesske ~ [l > Y1k 5-4 ~ [l 5-4 B o PRl 45 (1
fol PPN BB A S e £,
ST VELVRR (D) >ET MRS (C) > (A) SEH IR (B)
E[U@T;g\ﬁgﬂ“@%%l;ﬁﬁlﬁ{ R~ I%;er/ MR [A3B3C2D3] > SINEpiV st !
5-2FR. T (™ 3 ’Fr‘_F LU B IS8 o TS T & Y AR
B] 17 FYOMPa » B T et R e 3 [VE ]2
FVEF R JH R TR A fOSINE £ B3 PR 2o Ak R A
o5y P U RGBT o SR [T T G ORS  2 IRgp
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AVE VR (ARSI 0 BT OVEEIENE (H2) KE50% ~ 27— VAR R (H1)EE33% 1%
TSP (W)ERO% ~ B 1R EE3% > ETFII 51 VARG O e ) -
PRI ]2 38 S F T PR FIRIP I TR e i
[ > YPsAB-6RE AT > LASRORT | | 1 BR] 1 [ £ S NS LB RS VY
EYRERATT [V ALE R LAOKRE T B el R g 18]

L10E fat -] il 3% (8.22MPa) ~ 71 #4H]1(37.41MPa) W a5 =i |14 201%(21%) -

j

5.2 FtIVESH B8 B!

RV T FISRIET SRS B0, VRS T R RS B 20
Pl S SRR 1 SRR i VRS -
(1) RV Bl I SREAAS RS RS

VRS [ B SR SR R R R ST TR 0.5 7 o [l 5-4 B [T
i S5 SR o R 6L Ry R B R Sl i g 5645 ]
Fi 2B T A e G N R 1@‘%'FﬁJﬁﬁ?%‘E&*JEJ*?{ﬁ(E\'fJH{ETJW@ﬁu’ﬁ*ﬁl@iﬂg')’
i ffEsL o R R BRI ] o BT e ST ph R S pgERL ]y > e Tk
SIS VAR SR o BT PR gl o PR BB OB 7 RLioge
MU gl LT “ﬁ#ﬁf}ﬁ%’ﬁﬂiﬁ  SERUORTRIRRIET o A v AP fh
FETFE 5 4 Bl EJI?W  IE BT RS IR R ] e IR S A
VIR Sy S ORI ST S e U PR g s ) S
Py - f HJ‘*JIEJT%’?F BN o AER] T WD R R SR
EL IS LSBT PO PRI R SRS KR AR e B ?iffﬂ

- RUTTERSYRE (% > IV F RS (R PSL  BSqifisl @i (5 - %

El’sr% U ERE L [ 1FEREAY14% -
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PRI VR BRI  (B 5-6) M DM £ (R L-A)fF/g % ke o o =
O1f 55 « [l 5-6 B [ VESH O Y SAELL A | R RIS 2 P g T S5
B S EUBET H R TR - R LR U R 0.5mm - &
IR (' 5 ATE 8 PSR - SEALP BR[O - i)
RS o ISR RUAER U IERRL - SRS TSI o RS BTS2
TR F RSN BRI oA f « R pl Rl R M= P (et = o R 1 Sl I 3R
FIER R TS G =PH0g FRVRIR 2415 0.05mm > =" [ sy l’?ﬁﬁ}‘l@ﬁ%@ﬁ »
BRI AN o G BURLY S RS BT R A s R
CHRTR o YA ESER R SRR RN AN F'”?ﬁ R PNIEE S H R
R S SRR 1 S P AT

(2) STl SR PSR I
[} 57 BT U SRS R A RO A o T AR s
TR R E RS TR TR A S RAERRORTR A B R
PP RS A VR o B ol R R R R P R T IS
R - Hl%%ﬁ’ﬁi@ﬁﬁé* » RSP AR A 2 0.05mm o ERLR LR
PSR B 1 -

(3) RSB S B U fly

[ 5-8 B B SHEAASYRIR Ry o PRI i - Bl 85°C oy BIfaA
P R RSSO TE  0.5mm - A5} 75°C HS BIPVEIARY R EUR < G52 folRL
PR S B ALK EVSLE R - AR AR - [IPUORT B RS
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i E RS BB g [ > AR Py T R PTG o BT RLETORASLES
Ol > [T SRS 5S> [P I (IR o

5.2.1 & HpuE G‘y%ﬁéﬁj“

UL DRI o P BE AR AV R - )% 4-10 V2
[ VSRS B e - QE[' 5-9 (Q)kL - f5UE 75°C ~ R ¥ 250 mm/sec Eﬁﬂ?ﬁiy [
EAAY > VIR ] S SEOUAS Pl o B 4 AR > ELfRG D  H
RO 5-9 (b) > EURUNGPIY

I S AR R ﬁﬁip%Ww’iﬁﬂﬁ?W* B A
Al » SRS AL B o EREASIOR T IR RIERT L iy ARTTRI SRR ™ > RSN
MBIV S WESTITRY BRSIE » BUVELEER] o R
M OGPPSR L B (O 5-10 1 S B A R
Al 5-11 Fr o PG S o [UABIEG [ S o PR S By o SRS
[+ LA RS ASLR T AR I G ) SRR T )
UPfE 5-12 - PPNARTRENG N [ B A o T g )
JETHIE BESgE - [y i S e A o

@513%Hw§ﬁﬁgrw85cEMIfﬁ$J’%ﬂuiMWi © o ABURE A Y e
Ericor o F‘ E|SIEIRA R Ry o PRI RS LR B S O

FUpugE S - ﬁﬁﬁWﬂﬁ%"m%w%ﬁwﬁwﬁ%WW£wﬁ¥@ﬁ%ﬁ%&ﬁ% Il
5-14 LI SR PORERITISS » 78T R SUDMRS A o BRI T o Y]
LA AR - RIS I SO o 76 S P o R RS
CUEPS A THIRIA T+ AP RIS Sty Wl » i B B B %

87



E = PRUPSRT SRR RS - EEE ) 5-0(a)= ! 5-15 g BRI » B T i
PSR PRRAE I o ] AGE A EPRAR © [y e Sy
P 4 Eosatsar Rl - goR R (I g 4
5.2.2 j%:‘ﬁé‘]‘j\ [P e Y E R RS
FUERELEES IR APR - TIRR LR G RS DI B
HFTBURUES [z 7 AR TBENR DT LA F URR0E i - B SYATRIE S R 5-16
R HEESUAS PRI STIRRRE: R RURRERT T - 0 R R R
PSS S 3 S [ (RELATORTS o [ 5-17 B > LU S BRI T 4y
£7 0.6mm =2 0.55mm Ei] » BI3H) 81 &ﬁi’ﬁﬂﬁ“’%" [ E"ﬂ*’gﬁi@ﬁr{l o BT
(oA HE €y IR BIE NE gl['%iw’%&%@@mﬁfﬁ 0.45~0.55mm **
2 AR ([ - RS SR B s 1T (B RIS 2P o g vip
E\Eﬁ DU HERER -

F 57 Ry LRGSR 1 = ZRARIGRE 6 F R RE L A ER
0.45mm~0.55mm [ » AR el o PIRE 1 sy R R S
0.45mm~0.55mm > U %73 41~41.5mm Eﬁf’@z‘iﬁi’gﬁ’ P B g 1~6 | B
Saeatied == BaEC S I B T G L e

FFCVE BRI VR lif?ﬂ%!fr@«ﬂﬁ@ﬁr s TR RIS

S S BRI TR TR A S | RAERIRORITS S BT PRI 2 0 I
R AT PVRIE S o PSRRI BUES ) [AATEE BN DR e &
| AR (i 2 A A o
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A5 TP R BR R A e

[R=7\7fe v et SR J¥E3
AP (W) 135 180 225
B 1=(L) 30 40 50
C.57— VR (H) 1 1.5 1.8
D.57 TR EREIE (H2) 1.8 2.5 3

2 5-2 P IT 1el e O RN W]

i Ejﬂ 150 |-1125| -75 | -375 | O 375 | 75 | 112 | 150 | AP | ﬁ;
L1 56 | 62.18 | 71.07 | 78.84 | 83.46 | 80.45 | 72.52 | 63.51 | 54.52 | 28.2 41%
L2 30.04 | 4252 | 46.55 | 50.35 | 51.12 | 51.82 | 46.85 | 41.1 | 32.29 | 20.3 47%
L3 27.62 | 38.75 | 39.29 | 42.35 | 41.03 | 40.33 | 37.4-|33.88|25.62 | 15.1 42%
L4 45 | 471 | 51.12 | 5453 | 56.67 | 54.4 | 51.13 | 47.58 | 43.45| 12.4 25%
L5 50.95 | 58 | 64.34 | 68.7 | 7215 | 70.85 | 64.4 |57.73|48.61| 21.7 35%
L6 231 | 35 | 39.85 | 43.13 | 45.67 | 42.71 | 38.32 | 31.98|20.32| 24 67%
L7 28.29 | 3857 | 43.14 | 45.96 | 48.42 | 45.92 | 42.45 | 37.43 | 27.55| 20.5 52%
L8 26.73 | 35.91 | 39.52 | 42.09 | 42.83 | 41.38 | 39.2 | 355 | 25.8 | 16.6 45%
L9 46.62 | 53.75 | 58.42 | 61.8 | 68.93 | 62.11 | 59.4 |54.38 |47.41| 15.9 28%
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#5-3 (U

EXP £ Hb wepr sy | MR gy
/\P1 /\P2 (e
1 27.46 28.94 28.2 795.79 -29.01
2 21.78 18.83 20.3 414.28 -26.17
3 14.73 15.41 15.1 228.13 -23.56
4 11.67 13.22 12.4 154.37 -21.92
5 19.90 23.53 21.7 474.20 -26.77
6 22.57 25.35 24 577.93 -27.6
7 20.13 20.87 20.5 420.39 -26.24
8 16.10 17.03 16.6 275.78 -24.39
9 16.31 15.52 15.9 252.97 -24.04
Fe 5- 4 HETVR PO
v — R
YL (A) | B =2 (B) . izj(?zfﬁ ‘I iﬁl ’
Level 1| -26.25 -25.72 -27 -26.6
Level 2| -2543 -25.78 -24.04 -26.67
Level 3| -24.89 -25.07 -25.52 -23.29
Range 1.36 0.71 2.96 3.38
Rank 3 4 2 1
< 5- 5 AL Blo ) Pk
= AFES) | FIH IS (DOF) | Al (Var) | FIEdd p%
A 37.43 2 18.715 9%
B 12.94 2 6.471 3%
C 135.02 2 67.509 33%
D 200.46 2 100.230 50%
Error 18.35 9 2.039 5%
Total 404.20 17 100%
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F5-6 FI[ R s e

i <rt JB| JHE L: e
IR Bz ENNy Ll
- B (AP HHES]))
WICRIRES = X)) 12.4 50.11 25%
LE(CHF Raerefgl = 18Ls ! W) 21.7 61.75 35%
L1O(F I 1 {7 ) 8.22 37.43 21%
e 5= 7 RIS ',ﬁ@é?—“ﬂ}zi%ﬂﬁéﬂﬁ
V/P -"’J}lii%!,‘
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