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The Study of the Strength Characteristics of LCD modules and

components

Student : Tseng-Hong Lin Advisors : Ren-Haw Chen

Degree program of Automation and Precision Engineering
College of Engineering
National Chiao Tung University

ABSTRACT

This study aimed to investigate the relative relationship between
the components of LCD module. To find the best combination of relative
components in the limited space and to:achieve the optimal design of

structural strength.

To find the impact of structural strength in three main directions of
LCD module. The first direction is to study the different thickness of
glass and LGP combination in the same total thickness of the module.
The second direction is to consider the gap between the glass, LGP and
frame. The third direction is to consider the hardness of tape that

bonding the upper and lower glass.

The simulation results show that reducing the thickness of the glass
and increase the thickness of LGP can make significant improvements in

module strength in the same total thickness of the LCD module.

Keywords:LCD,component,structural strength.
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HL  Zeinkiewicz 5~ T 1968 55 F | [0 3 ii??%l3iﬁﬁﬂ‘l‘i
(viscoelasticity)ﬁﬂ Fl 1960 & ik = 1970 = (R¥IHY > F % Wi}{ﬁ’
QESEENES . bl SR Enl - FRE i e S A IR SES Y S
I R AT ) TR (Pl i AT - B
(o3 Al Rl oS ASET1S] o

IR SRR A M AR5 ERE BRI e o AT
R e AR A SIS PFE*VE‘E?J%“‘J*EE U FERT{)TE o PG
Ry S IR IR R F R R R AR 1 ARy
BB P ety b - frgp ) %ﬁnf‘iﬁt %n“‘v ﬁﬂﬁﬁ TESEES
IR A - GTRL FER IORHT 1 - @ﬂ#W#-mw
i~ B R [’ﬂgéﬁ”féﬁﬁﬁ’%ff% ’ ?ﬁ%) ISR E S REERVE R I F‘%
T e > IR A adiAe o) EWEJ’%?M?%W— @?U“Jfﬁp% i~
A T ARV E 5 2 1956 F %‘;[ﬁﬁ'iﬁ/% RS RIS ML, 8
SRR E G Sk o g IR B AR e
ﬁe.jf"ﬁ%‘tw’\%ﬁrﬁgﬁJ%Z’Egmﬁ SRS RS A U R
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AT o TR ARG AT ﬁ%ﬂﬁ?ﬁ{?i@ﬁﬁ . ?55{?1@7’?
A S SRR EEE S AT IEE D T RO Fhik o ey - T
HiAHpI Ak

IR S 1P SRR R KR, T ] S
R Sk o PRI o SR T RLT E Y s U [J“IP[FE Nt I}IFEA
fr L FIPLS o AL IR ARER o SR 50 A PR G
HpRL SR ) WA [ 7 PP PR 0 S T
S E A - mﬂ#é F' 5170 S AESHEE > (Rl SR PSR [
g{*‘&ﬁlﬂ‘?,ﬂn‘%’t A IR P R SR SRR S A
J?i Py EAE Y EURLEL o 9t T Sk IS R (Y
RRE-DRN rim’l?# TS (5 5 pRRFEL - T T R
TV R E] BRI O AR PTG 3 AT -
%aﬁ&ﬁ@@%ﬁ’wH#@m%m?%omw’wwa%#ﬁ
?HE&}J”M FJ FEJL’?;F%—JEJ#P%[WE LEFVLJ 173 T’TEIUH oo ,ﬂﬁ?ﬁgjguf
FRARIE RS - | SR SRRTERT BN I OB > P > 7 pbiiy
eI AR T B0 FIPRRA o AR R

PO SRk S IRy T R P e g %ﬁgﬁf‘éﬁﬂﬁ : i‘i’jﬁ 747 HES
SONEIRFEIIR T ARG AT o [ R R O > e T 2R
Ep R R V) R PR i R
FrHR P VR B~ T B FEFM PR AT v
i,g[r‘J (AR ﬁjﬁj“ii E |5 Stk £ g#@u?r” Prak o {3
o (B E EL[‘F,II EEEES I f}ﬁg[ﬂ: o E B«Lw?f"ii\ u?@%ﬂ”ﬁljé‘g%ﬂ?ﬂ
053 5@@?}%1 » Bl A A RS RS (A lﬁtﬂf‘érfé’s
A 7T AT IR S R BRI IR - ETIRE - L A - R
P IV (0SSR IR T R P
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2.2.2 T[S i VA 3

- ‘ﬂﬁﬁﬁij VIEIEEREY TP 0 | 5T BB (linear) = 7 RS ®
(nonlinear) [ 4 IETJJH’“LL IR BB 53 4k > i (AT e e o 3
CETREINIES 155 A 15\[3‘:%:3 I e N R R 2 o ffl
i Hn@\l}s R ELZ Bl o

BTS2 Gy IR G SN B (SRR LN e [ AR T
R EE'EFI\‘I%J:?‘F n»'ﬂﬂfq?fﬁ iﬂfé o PRI i?ﬁ“lﬁﬁ:fﬁ?ﬂﬁ
R REEERE = l?"f}rr%;fﬁf
=" iﬁiﬁﬁﬁ%l [ (iteration) ™} 35 S8 » [ A (R ?JEl’?ﬁaF'EIfJLI'%%?(convergence)
E‘?éﬁﬁ@(divergenoe)ﬁi%} T ?F] A (OB TR A A AL R

RUSRE > AR SJ[M ey -

m PN EBETE | Sl ] ST AT 55 ER AR -

2% {7 2] (geometric nonlinearity) *F' b F2py il e Jffﬁﬁ IF;‘
ﬁﬂ IREIPS B 0 FE Bl i el = > [l A L T8 T F R | s
» ALY Ui -

2. #1R|ZFEU% (material nonlinearity)  $F3A 4 A5 GG 1455 477 - IF;‘
MR DY B ] o3 At et PRIE - (] ) =2 TR
ARG » (00 STRIZIRAE S 47 » SEABE I L R
SR 2 P -
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3. F#isir(contact analysis) * FpIRITE 5347 > S SIRHIRE BRI
5 6 P 5138 B A SR8 ST - Bt
;{kﬁ:asﬁiﬁwip G- AR i R R 5 R - 4

FHIIE b L S5 A YA AR5 TER T P o
[k -

—-Elfli

4. L < (R b SR I B
= AR > PRI o B R -

2.2.3ANSYS |5 i

ANSYS Ji BELRLA £ AT TP R - BRI £ 385 T
BRI TAT R [ SR 53 P o il B A R YA
D~ [ ANSYS RIS - SR S0 CAD B 5 (R
i 1 #1482 Y[ Pro/Enginecr, NASTRAN ,Alogor,] — DEAS,AutoCAD =
RLTHL P % e oty CAD ZASt il — o P F,J@. SRS T
I L S I IR i%@% ﬁﬁ ﬁﬁA ﬁﬁ £
Floh ~ BT AR

ANSYS = fol S = [0 - fmel it - o At Bt A1

- zri
B EIAERE o

Lo R RS PR AR R T S
R B T AR L AL

2. I PTEE R S ?ﬁ%i}fﬁ‘(Ffigf?%ﬂ$ii???‘ ZESE 55
Ul @JF{'&\I*% A7) ~ SRR S0 AT~ FRREE AT~
B i E’{F{T‘JW’T[ | PRI J#JFV?T’? f AR 278
PRI RRRA D [RH ] ZUF | @R ST T e R 'i}T’?ﬁ:
i
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3. EGECEVSEFURE RN R SR B R
[FUEIRE ~ R yRERRE ~ ST R AP
R (R GERSR D ST R Lt - iU
FIAN TR ~ PRSI0 B fo et « ANSYS it o
100 781" ] gt Bl 2 ?\‘ﬁ@jiwﬁ“ﬁ*ﬁ AefE AR o
:fﬁf« NE LR > TG R ASE B
Y fﬁEf T@?’Efﬁff Y'PC > SGI » HP > SUN > DEC » IBM »
CRAY%Z'vo

ANSY'S SRR 10 3 AT B0 & 5 Fi PR (static) 73 AT~ PREEIEE
(modal) 73 P ~ fFEZE [E(harmonic response) 73 #r ~ #i5H |I.F,(spectmm) 3T S
(S P=E(random vibration) 73 7 » ?’Tﬁggﬂ’ ] 128 (transient dynamic) 73 7
FEMl(buckling) 73 A7 Tpgii%’}i Z(fracture mechanics)7J 17 ~ & [F (™~
(optimization) 73 #7357 « ANSYS p< Gl [ivafe 7 Bkt o) A by }}I UES IS
#5U%E (geometric nonlinearity) ™ A8 ZESL%: (material nonlinearity) ~ 7 2
% (element nonlinearity) ~ ¥ #5557 #7(contact analysis) & o 2% [f ZFid]® =
fol R A b F2 (large displacement)ﬁ‘) i@ (large deformation)&ﬂ%ﬁf » FF
FIZ Fsu: F 2 [ g E 1 9 T 1 (elasto-plastic) ~ %%E‘[?(hyperelastic) ‘ iﬁ%ﬂ
T4 (viscoelastic) iﬁi}“fﬁ(viscoplastic) . ?Eﬁ@f‘(creep) ~ }-{J‘ﬁt’ fEL & i £ (shape
memory alloy)E Ff R T o ™ A 1 kL ANSYS A $ERUAE AR T

\

Fo 1 ANSYS LHEPUFTRI 1T [E30R] R ]

PRl 7 | osighak (PWHJ;F NG F*%[l FHRIASE]
PR 1EET55 5

SR e (Rate dependency) (Material laws)

| g :"'F%% (Rate-independent) A% (Linear elastic) Hooke' s law

Mooney-Rivlin

EjSl e | e Arruda-Boyce
1% =B (Rate-independent) 9% Hyperelastic)
4 J % Blatz-Ko
Ogden hyperelasticity
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Neo-Hookean hyperelasticity

Polynomial form

hyperelasticity

Gent hyperelasticity

Yeoh hyperelasticity

Ogden compressible foam

hyperelasticity

Anisotropic hyperelasticity

ZRdEgE (Multilinear elastic)

Multilinear elastic

ﬁ'%% (Rate-dependent)

f«ﬁﬁﬂliﬁ (Viscoelasticity)

Viscoelasticity

e

:"’E‘]% (Rate-independent)

ST

(Isotropic hardening plasticity)

Bilinear isotropic

Multilinear isotropic

Voce' s nonlinear isotropic

Anisotropic

Hill anisotropic

B -

(Kinematic hardening plasticity)

Bilinear kinematic

Multilinear kinematic

Nonlinear kinematic

(Chaboche)

SRR AT

(Combined kinematic and isotropic

hardening plasticity)

Chaboche and bilinear

1sotropic

Chaboche and multilinear

1sotropic

Chaboche and Voce' s

) A A

(Pressure-dependent plasticity)

Druger-Prager

S8 1% (Cast iron plasticity)

Cast 1ron plasticity

ﬁ'%% (Rate-dependent)

fﬁ_’lﬁ 1% (Viscoplasticity)

Creep

Anand

P R e
(Combined creep and

1sotropic hardening plasticity)

Creep and bilinear isotropic

Creep and multilinear

1sotropic

Creep and Voce™ s

%}R%"I?:\f{ & (Shape memory alloy)

Shape memory alloy
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ANSYS o33 8555 Frzpe > & ?ﬁ AT S R
(deformable-to-deformable)fF &8 f['ﬁﬂ’ﬁgj’%ﬁ f‘@’"‘ﬁﬁ%(rigid-to-deformable)%?
5 > [ 7 3k (contact elements)IVEH B[ E %F“ T@I!Tnode -to-node) %,f“ 35
[ZI(node-to-surface) ~ [135f - 1(surface-to-surface) 7 k o [i& " F' g fl— ey
Fﬂw FNER TV g i R R S B ’Eﬁ‘w « (shell-to-solid) -
e u Sh ST 2k (shell-to-shell) ~ B 2k 7850 2k (beam-to-shel ) AR 2
SR T 2k (beam-to-beam)f] J}%EJ%J& IRE o HFEPIP AR (=N AT P B
ff%ﬂ ﬁ@ﬁ'ﬁ‘@@ P IR 7 A 1 Al rezoning £ 757> 17

e T 2 PSRRI -
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'ﬁ

U 1 b % U B
3.0 9% A2
o Iﬁlﬁz'ﬂ B I JﬁF{@ LFFI T WF{@YEU:&EI U

AL [’“'%WE‘IIEU:@@EIWEU:% 21T u /LI

3.1.1 PHRAR I,

(AECASTM C-158 WL SIS - DPE 8 A = 12 R IR

R o
1 IEEFE =D 154 -
2. &,n%‘:?ﬂﬁﬂ R[] 3060 75 J ek B (ABE ASTM C-158 )

3. SRR R AT R ARE X B P03 I ERSLE O fy
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Rigid Supaore Rizd Support

Sicle View End View

/8 inch

Lia LM Li4 Li4 L/

X K

L: testing lens with length:

[ft 8 PRI ik (SRR IHTC
3.1.2 TUESHE

(MCHTC 2 IR RS R U 9 07« 1 ToIBgy
g A

L WREE =D 154 -
2. IRERE HB5 5788 Lmm O S o S I
3. BRSSP RN R R ST -
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Force
Compress Jig Steel rod

‘/Dhneler 1ivmmy

L 1mm gap 1iimm

Dispallay

Steel fixture

o W W | L |

Drive IC

K=
f O ErESHIES R R RHTC

3.2 JE TR B YRS 5

FPE B p“l%ﬁﬁﬁll?ﬁﬂ%@ﬁé? e T B ot

3.2.1 PURI I

R

LA ASTM C-158 e - SRRl e Y ]
R 15 7
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DR BE T (RN S SR I B

3R MR BRASUACI T B ] A [ i -
3.3 He s

3.3.1 BiE A

{071 3D AP Solid Bdge A7 i+ BRBLA S IRNE T 5! -
[ 10 KLl fhE SRR T S A 1L SRR e
AR SR [ 12 SR S R

A 10 il SRR T 21 B
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A 11 iR AU RN T SR

12 T
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3.3.2 7 (PR IR

7 AR ‘I‘ik?i‘:'i/[l?c 2 5 B RPRI T ﬁﬁﬂ E[fj#f_l;[zﬁ%f;

TV o
e R E

R £ Frame IC BEF Bezel Diffuser Glass
Young's Modulus(Mpa) | 2400 |1.12E+05 2700 21000 3350 61000
Poisson Ratio 0.4 0.28 0.37 0.3 0.48 0.23

R £ 8 LGP | Polarizer | Reflector | Rim tape Jig PET
Young's Modulus(Mpa) | 2000 2400 2000 2000 2.00E+05 2000
Poisson Ratio 0.4 0.3 0.37 0.37 0.3 0.37

3.33 7 (i 3 IR

475" CF Glass » TFT
EH g ['fr,%l’ﬁffﬁﬁ = I

0.00 2500

50,00 ()

13 R A
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3 fs L

No ltem Type Mesh Size(mm)
1 CF Glass Body 2.5
2 TFT Glass Body 2.5
3 Seal Body 0.5
4 Jig Face 0.25
334 7 IR
£ 7 (F R R e 4 i o
4 B TR RIATEE
Stiffness | Update
No Contact Target Type Formulation factor stiffness
Program
1 Frame Down bezel |, Bonded || pure penalty | Controlled | Never
Program
2 Frame Reflector Bonded | pure penalty | Controlled | Never
Program
3 | Down bezel | Reflector Bonded | pure penalty | Controlled | Never
Program
4 LGP Reflector Bonded | pure penalty | Controlled | Never
5 Frame LGP Frictional | pure penalty 0.001 Never
6 Deffuser LGP Frictional | pure penalty 0.001 Never
7 Deffuser Frame Frictional | pure penalty 0.001 Never
Program
8 Down BEF Deffuser Bonded | pure penalty | Controlled | Never
Program
9 Up BEF Down BEF Bonded | pure penalty | Controlled | Never
Program
10 | Rim tape2 Up BEF Bonded | pure penalty | Controlled | Never
Down
11 polarizer Up BEF Frictional | pure penalty 0.001 Never
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Stiffness | Update
No Contact Target Type Formulation factor stiffness
Program
12 | Rim tape2 Frame Bonded | pure penalty | Controlled | Never
Program
13 LGP Double tape| Bonded | pure penalty | Controlled | Never
Down Program
14 | Rimtape2 | polarizer Bonded | pure penalty | Controlled | Never
Program
15 | Rimtape2 | TFT glass Bonded | pure penalty | Controlled | Never
Program
16 FPC Double tape| Bonded | pure penalty | Controlled | Never
Program
17 Frame Double tape| Bonded | pure penalty | Controlled | Never
Program
Bonded Controlled | Never
Down Program
18 | TFTglass polarizer Bonded - | pure penalty | Controlled | Never
Program
19 Seal TFT glass Bonded /| pure penalty | Controlled | Never
Program
20 Seal CF glass Bonded | pure penalty | Controlled | Never
Program
21 |Up polarizer| CF glass Bonded | pure penalty | Controlled | Never
Each
22 Up jig Up polarizer| Frictional | pure penalty 0.01 supstep
Each
23 Up jig Up bezel Frictional | pure penalty 0.01 supstep
Program
24 Up bezel Rim tapel Bonded | pure penalty | Controlled | Never
Program
25 Up bezel |Down bezel| Bonded | pure penalty | Controlled | Never
26 Up bezel Frame Frictional | pure penalty 0.001 Never
Program
27 | Rimtapel | TFT glass Bonded | pure penalty | Controlled | Never
28 | Rim tapel CF glass Frictional | pure penalty 0.001 Never
29 | Rim tapel Frame Bonded | pure penalty | Program Never
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Stiffness | Update
No Contact Target Type Formulation factor stiffness

Controlled

Program
30 CF glass LC inject Bonded | pure penalty | Controlled | Never

Program
31 | TFTglass LC inject Bonded | pure penalty | Controlled | Never

Program
32 IC TFT glass Bonded | pure penalty | Controlled | Never
33 CF glass TFT glass | Frictional | pure penalty 0.1 Never
Each
34 Down jig |Down bezel| Frictional | pure penalty 0.1 supstep

3.3.5 fELE| L 4= AN K ﬁFP%Q‘:

RIS BT XY WS B Z h R JPiE 14
i o R IS AT R z/pqa' 15 B o AR Fi

£% 10N~100N [ ™ [B5 [FERLES DT 16 B

000 25,00 suiuu (o)
I

1250 3750

W14 R R
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0.00 3500 ?D‘UD ) i ®
| I

17.50 5250

15 E R

040 20,00 40.00 fmm)

| T J
10.00 3000

W16 MR
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Mk
4.1 P R L R
CRR =y g

=N Eﬁfiﬁﬁh?ﬁ@?@ﬁﬁﬁ%@@%g IS > QI 17
7 R AR Rl T I i

5

i pLE TS 5 2 H D -

PR B > T 15

F 5 R (T

S I R

AR Y T [l PR
(IR BRI, o PRI 5 T PSR I TR S
o EI[% 6

Erlil—h.—i

a7

> mm)

T 0.7%~11.18%. ft]

EIN)| 10N

20N

30N

40N

50N

60N

‘TON

90N

100N

A 102715

0.4837

0.6873

0.8940

1:1116

1.3521

1.6132

1.9002

2.1988

2.5269

A 10.2183

0.4322

0.6407

0.8524

1.0721

1.3064

1.5634

1.8429

2.1472

2.4830

A 10.2410

0.4631

0.6690

0.8826

1.1074

1.3564

1.6245

1.9161

2.2321

2.5726

A 10,2444

0.4633

0.6957

0.8871

1:1094

1.3495

1.6092

1.8930

2.2000

2.5312

0.4715

0.6800

0.8912

1.1109

1.3480

1.6087

1.8912

2.1969

2.5327

A 02337

0.4496

0.6581

0.8653

1.0809

1.3122

1.5681

ks

A 102155

0.4374

0.6472

0.8577

1.0700

1.3025

1.5541

1.8265

2.1168

24367

A 02287

0.4468

0.6523

0.8576

1.0730

1.3037

1.5559

ks

1
2
3
4
PY 5 A7 10.2457
6
7
8
9

A 0.2804

[

0.4941

0.7032

0.9113

1.1309

1.3688

1.6278

1.9074

2.2124

ks

A= 10.2739

0.4887

0.6966

0.9022

1.1206

1.3560

1.6120

1.8920

2.1939

ks

A | 0.2688

0.4813

0.6873

0.8967

1.1169

1.3568

1.6169

1.9052

2.2143

2.5520

A | 0.2465

0.4566

0.6668

0.8799

1.1098

1.3588

1.6304

1.9255

ks

0.4788

0.6895

0.8995

1.1218

1.3641

1.6296

1.9175

2.2265

2.5595

A= 1 0.2680

0.4741

0.6800

0.8919

1.1188

1.3640

1.6320

ks

0
1
2
3702694
4
5

A 0.2934

0.5039

0.7275

0.9172

1.1411

1.3862

1.6522

1.9378

2.2468

ks

15 0.2533

0.4683

0.6787

0.8858

1.1063

1.3457

1.6065

1.8963

2.1987

2.5243
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Fo 6 U Rl PR (1 1 imm)
TEEEI(N) ION | 20N | 30N
g | 0.2460| 0.4920( 0.7380
iR | 0.2533] 0.4683] 0.6787
% | 2.87%]-5.05%] -8.73%

40N | S0ON | 60N | 70N
0.9840] 1.2300| 1.4760| 1.7220
0.8858| 1.1063| 1.3457| 1.6065
-11.09%|-11.18%| -9.68%| -7.19%

80N | 90N | 100N
1.9680| 2.2140| 2.4600
1.8963| 2.1987| 2.5243
-3.78%| -0.70%| 2.55%

5 4 F5(mm)

3.0
25 —
2.0 4
15 7 TR
=gl
1.0
0.5
0.0

10N 20N 30N 40N 50N 60N 70N 80N 90N 100N Té#fj(N)

B 17 AR R
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4.2 = FEIE[FRS AU
421 1 PR LGP B e 5

9y FE IR ?T&FE[#IT{ET:I SRR R ARV N o BURCE
== TRT ﬂ%f]’@ A £50.3mm~0.2mm~0.1mm == LGP 5% £ 0.48mm~0.68mm -
0.88mm - f,ﬂ/ [’“'%WEWEU%‘ » o [’i?F‘E'I%ﬁ@fEWDﬁ%}‘ 18 A o F‘I’EJ@ %
(PRGRERE IR T~ 8~ O B3 (VS 7 [V S0« SLIR
il CF== TFT %%’@@%’"’J‘ » BRI RE V Ad e[ 5 ) LGP
FIPSES R Beop > ROV dgop > (R pEsk s o

Up polarizer &7 Up bezel

a % ' T ih‘j*\ Rim tapel
CF + % S = _ | .
A ; :
LR ; P 4_/_?___————»:———— Down polarizer
L = ‘\f‘\\ Rim tape2
o : - Frame
LGP | _
; 4 7 A | Down bezel
/ o - o Reflector
Diffuser+BEFx2

18 5 AR O
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ks

HEHE R 0.3mm b7 ARG (10 -MPa)

fFEIN) 0 10 20 30 40 50 60 70 80 90 100
CF 0 | 7.7356 |15.4712|23.2068|30.9424| 38.678 |46.4136|54.1492|61.8848|69.6204| 77.356
TFT 0 ]9.2335| 18.467 |27.7005| 36.934 |46.1675| 55.401 |64.6345| 73.868 |83.1015] 92.335
LGP 0 ]0.60651]1.21302|1.81953|2.426043.03255|3.63906|4.24557|4.85208|5.45859| 6.0651

3o 8 SLIRUS 0.2mm b7 (e SRR 1 MPa)

fFEIN) 0 10 20 30 40 50 60 70 80 90 100
CF 0 | 6.3707 |12.7414|19.1121|25.4828| 31.8535|38.2242(44.5949|50.9656|57.3363| 63.707
TFT 0 | 7.4991 |14.9982|22.4973|29.9964|37.4955|44.9946|52.4937|59.9928|67.4919| 74.991
LGP 0 ]0.6361|1.2722 | 1.9083 | 2.5444 | 3.1805 | 3.81606 | 4.4527 | 5.0888 | 5.7249 | 6.361

3o 0 SRS O:f e Th s (e B MPa)

fFEIN) 0 10 20 30 40 50 60 70 80 90 100
CF 0 |5.1588(10.3176(15:4764(20.6352| 25.794 |30.9528|36.1116|41.2704|46.4292| 51.588
TFT 0 ]6.9392|13.8784|20.8176|27.7568| 34.696 |41.6352|48.5744|55.5136|62.4528| 69.392
LGP 0 ]0.6622 | 1.3244 | 1.9866 | 2.6488 | 3.311 |3.9732 | 4.6354 | 5.2976 | 5.9598 | 6.622

4.2.2 7 (PR TRAR (= U T ] S

77

51 FEE [ RS EE-CF =2 TFT 5&%{;:‘? LGP 7 [ PREEBAZE fa A 7]
’7@!"“%’—%?—*@?&# %E:I%E' GEIEE VRYST o ABURPVREIIE S ] £ Omm
O.1mm ~ 0.2mm » I8 & EFOPIBT 19 B o AEERHH O 10 ~ 11 ~ 12 fr

(“‘VF[WFF YD) o PRSI R T b o] 3 CF 2
e fHlfad s > e E Va5 TFT ﬂ%ﬁﬂf@ﬁjwﬁ@ ; %F LGP
AP SRS I~
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CF »

-t

T,

LGP

v

2l

B A . B

A

il

19 R

Z 10 Filfei Omm 7o AR U (T - MPa)

fFEIN) 0 10 20 30 40 50 60 70 30 90 100
CF 0 | 7.3454 | 14.6908|22.0362{29:3816| 36.727 |44.0724|51.4178|58.7632(66.1086| 73.454
TFT 0 | 8.8905| 17.781 | 26.6715| 35.562 |44.4525| 53.343 62.2335| 71.124 180.0145| 88.905
LGP 0 105659 | 1.1318 | 1.6977 | 2.2636 | 2.8295 | 3.3954 | 3.9613 | 4.5272 | 5.0931 | 5.659

F 11 fill 0.1mm 7 (s ] 5L (BT 5 :MPa)

fFEIN) 0 10 20 30 40 50 60 70 30 90 100
CF 0 | 7.9266 |15.8532|23.7798|31.7064| 39.633 |47.5596|55.4862|63.4128|71.3394| 79.266
TFT 0 | 8.8271 |17.6542|26.4813|35.3084|44.1355|52.9626|61.7897|70.6168|79.4439| 88.271
LGP 0 | 05777 1.1554 | 1.7331 | 2.3108 | 2.8885 | 3.4662 | 4.0439 | 4.6216 | 5.1993 | 5.777

F 12 s 0.2mm 7 fF s AR N (HT 58 :MPa)

fFEIN) 0 10 20 30 40 50 60 70 30 90 100
CF 0 8.07 | 16.14 | 2421 | 32.28 | 40.35 | 48.42 | 56.49 | 64.56 | 72.63 | 80.7
TFT 0 | 8.5164|17.0328|25.5492|34.0656| 42.582 |51.0984|59.6148|68.1312|76.6476| 85.164
LGP 0 |0.57585| 1.1517 | 1.72755| 2.3034 |2.87925| 3.4551 |4.03095| 4.6068 |5.18265| 5.7585
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4.2.3 IR AR [~ Vs 5

5 FE KT EUSRETT iR B CF 22 TRT St
i %fﬁ};\ ’”%@ 7 R =t JEW’E@* ' £% 2000MPa ~
4000MPa ~ 6000MPa ° fERAFH I[1F 13 ~ 14 ~ 15 i GV 5 7 fﬂ/:&aﬁ’\
Tl in) - R e T Y ,ﬁﬁ%{l@* | CF 22 TFT LRy,
A oV o LGP FIRLZE N Y

F 13 MR 2000MPa 7 (k] AR U (T 5 :MPa)

fFEIN) 0 10 20 30 40 50 60 70 30 90 100
CF 0 | 7.7356 | 15.4712|23.2068|30.9424| 38.678 |46.4136|54.1492|61.8848(69.6204 | 77.356
TFT 0 |9.2335| 18.467 | 27.7005{ 36:934146.1675| 55.401 |64.6345| 73.868 |83.1015| 92.335
LGP 0 0.60651|1.21302| 1:81953|2.42604{3.03255|3.63906|4.24557|4.85208|5.45859| 6.0651

14 AETBRIE 4000MPa T [ i | AR U (B 7 :MPa)

fFEIN) 0 10 20 30 40 50 60 70 30 90 100
CF 0 | 7.948415.8968|23.8452|31.7936| 39.742 |47.6904|55.6388|63.5872(71.5356| 79.484
TFT 0 |9.7003 |19.4006|29.1009|38.8012|48.5015{58.2018|67.9021|77.6024|87.3027| 97.003
LGP 0 10.60076|1.20152|1.80228|2.40304| 3.0038 |3.60456|4.20532|4.80608|5.40684 | 6.0076

# 15 TR 6000MPa 7+ [k ] AE4RAEU (HT 5 :MPa)

fFEIN) 0 10 20 30 40 50 60 70 30 90 100
CF 0 8.001 | 16.002 | 24.003 | 32.004 | 40.005 | 48.006 | 56.007 | 64.008 | 72.009 | 80.01
TFT 0 |9.8987 |19.7974|29.6961|39.5948|49.4935|59.3922|69.2909|79.1896|89.0883 | 98.987
LGP 0 105984 1.1968 | 1.7952 | 2.3936 | 2.992 | 3.5904 | 4.1888 | 4.7872 | 5.3856 | 5.984
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4.3.1 B f%‘j/fﬁi%ﬁﬁééi%jJ@%ﬁﬁ@%ﬁ 7

RIS {7 (Pt i 1 AP - 25 PIR07] CF 22 TFT Sy
T fBOMPa)= LGP ol PRk ff1(GOMPa) it FI-H LSRR 1 = iy
FUpl= {7 (AR S PLER T > Pkl s A K35 CF
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0.88mm (17 [ LR e M5 I GEOL 20 ~ 21~ 22 73

it CF== TFT = *Ljff "B S 0.3mm > LGP EJ@ £L 0.48mm U@ Sh{a! i

e TFTﬂi?ff A 87N f&HosE L[TIM% E;/J&FE# B BT
¥ o
Stress(MPa)
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90 s Pouns s N O B —_—
g -k |
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o I o A e arscomine
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“ CEF= TFT : %ﬁg B 5% 0.2mm > LGP B % £ 0.68mm posshe i
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ot CF =2 TRT AR B R 1 0.1Imm > LGP 'R £ 0.88mm FV St
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Stress(MPa)
100
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% 16 T 100N i sHSH(H & MPa)

ﬂ:’fﬁl’ﬁl@ 0.3mm ﬂ:’fﬁl’ﬁl@ 0.2mm ﬂ:’fﬁl’ﬁl@ 0.1mm
CF 77.356 63.707 51.588
TFT 92.335 74.991 69.392
LGP 6.0651 6.361 6.622
%17 FRET 100N 2 i SR %)
ﬂ:’fﬁl’ﬁl@ 0.3mm ﬂ:’fﬁl’ﬁl@ 0.2mm ﬂ:’fﬁl’ﬁl@ 0.1mm
CF 150% 123% 100%
TFT 133% 108% 100%
LGP 92% 96% 100%
5 (%)
160% -
140% - \
120% \
100% - 4‘7\.7
] =
s0% ] ——CF
] —8—-TFT
60% : LGP
40% -
20% -
0%
%%EJ@OBmm %%’EJ@O.me Si%?l-fj’%i@o.lmm

i 23 TR ET 100N 2 e AESHOHT 4 29%)
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4.3.2 TRIERIND [ LI (2 e R 7

TEAERIRRIAE [~ Omm ~ 0.1mm ~ 0.2mm FY7° (Rt == ] 5t
L[/IE%I%I'%H/DH‘?M 24~ 25~ 26 Fr. o

[T D Omm PRSI 1) €0 s TRT Hefie 90N 4 o Zfsi
R IF 5 R AR ASLAE K
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i 081 £ 0.2mm PURBSSEIAITY 1)1 TRT 8 04N S o 2 ki
[5{-‘ IE%IJQFE# B 8 Py

Stress(MPa)
100
» S WV
70 S 71 ] 7 f -
LGP [ (R /il o | CF

60 ——
50 / | TFT
I / I —1GP
30 , /g I
20 — :
10 "( — — = IJ

O —K—"/;(—'#_X e —— e L T 1

0 10 20 30 40 50 60 70 80 90 100 fw EI (N)

B 26 IR 0.2mm T (L S

N F I8 FIRL (% PR = AT VR ET 100N SR
&0 I FEIPE 0.2mm F"J =3 Jtﬁﬁlfﬁf » SIETED P PE (R T R D o
Pk 19E"ﬂq5ﬂ 27 Frr o iz 19 Y I E.J[ﬁé & Omm H790E] 0.2mm
[ CF = %Erf Ju5gTpsT 9% ~ TFT 2 %Eg: Jo¥E DT 4% ~ LGP R ke
YT % o

% 18 FRET 100N ] s o :MPa)

HIFEi Omm HIfg 0.1mm HIfg 0.2mm
CF 73.454 79.266 80.7
TFT 88.905 88.271 85.164
LGP 5.659 5.TTT 5.758
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% 19 FE 100N i SHSh( 29%)

L8 Omm 18 0.1mm M8 0.2mm
CF 91% 98% 100%
TFT 104% 104% 100%
LGP 98% 100% 100%
TSR (%)
110%
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—o—CF
/ B TFT

90% == LGP
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80%
tfgiomm tfEi0.2mm H[210.2mm

i 27 TR ET 100N 2 e SO :9%)
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4.3.3 FFETERIL T [~ PUIRIE [ ke RSB

= AR O [ LRAE Y T O
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T £5 4000MPa s bl i 7141 TPT 2 7 8ON fel 38 Hfp
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rf{l@t 6000MPa ORI T* ') 741 TFT ez 1N Job 4 2
SRS O35 T T BT 9
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100 o
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50 1 TFT
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B30 AETERIE 6000MPa 7 (F fi s (422 i |5t

<20 FIRL (7% FF 7 = AR 2V ET 100N T SR
BRI 6000MPa e Jtﬁﬁlﬁ > ST {4 P o o BT S ik
D 15T IR QU 31 A Tk 21 T AT 15-2000MPa
?JD’[J6OOOMPaEﬁ CFJ&?FF: Jolers 3% TFT ﬂﬂﬁ ) SBEI 7%
LGP &b 1% -

h

# 20 fbEl 100N e 55 (1T i :MPa)
TR 2000MPa | FEBRIE 4000MPa | AETEFRIE 6000MPa
CF 77.356 79.484 80.01
TFT 92.335 97.003 98.987
LGP 6.065 6.007 5.984
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% 21 T 100N i SHSh( 29%)

HETREI 2000MPa | AETEEIL 4000MPa | AETE{IIE 6000MPa
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