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ABSTRACT

The development of 3C products has evolved from a bulky, solid
appearance into one that is light, thin, short, small, and beautiful. The position
and installment of the LCD display is the most critical aspect for the application
and usage of the product. However, LCD glass is susceptible to impacts, which
can cause cracks or ruptures and breaks. Therefore, appropriate packaging is
necessary to protect and prevent damages caused by impacts.

This study conducted experiments using current packaging with software
analysis to .identify the shortcomings in current packaging methods and to
recommend improvements and savings methods regarding packaging waste and
enhancing packaging efficiency. We employed packaging design currently used
to package LCD glass and examined the degree of damage for LCD containers.
An actual product drop experiment was also used for verification to find the
corresponding values between the impact forces that can cause damage and the
thickness of the LCD packaging container. In addition, we conducted product
simulations using computer-aided engineering software to ensure that the correct
software analysis method and parameter definitions were used.

This study’s findings showed that the software analysis results were

consistent with the feedback value data obtained from the actual product drop



test in that different drop angles would influence stress changes. Both the actual
drop and simulated tests indicated that containers with special features provided
a better buffer effect and protection. Therefore, containers should be equipped
with such special features to improve the effectiveness of the container thickness.
This study also identified the ideal suggested design values for the containers
through verification.

The conclusion of this study.is that it is possible to accurately analyze and
predict the stress values of the EPP containers with the finite element model.
Consequently, design personnel can use this phenomenon to find problem points
and enact improvements. The analysis results from the finite element model and
relevant values can also be employed at the preliminary design phase to improve
the design process, reduce design costs and material usage volume, shorten
development time, increase development efficacy, and to reduce the probability

of follow-up problems.
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2. ien PR E%FYKTFT Array 32 324 gk & o TFT Array #.55
oG E¥cehd Eopixel 7  0F pE P RIET G NR, REHY
& A TFT Array ™ %2 $44 g 2 B o & T B3 TFT T S 8EF > 7 Hig
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®xR
EEICHEPIRER
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P

- M SARER

B 2.1 TFT-LCD = P ie i

BEH K TFT-LCD & = &g+ A2 [ B 2. 2] %% 7 & 4 (Thin Film
Transistor)f#u%ﬁ— BHE m?,/)%z%“l’gé ’;‘ﬁ'ﬁ Toond Fe R ’#*’ﬂ*'l'}& oo BE
TEMZRHPECEARBTE I EREZAL I RORAR AR LA
T BB T NEFAER S

TRT-LCD £ 457~ 48| Ais % B CAAE & 3 CRT 15-20 %) & 1554 4
TEAF2FEZEF - FHe Ao GREFLEEE
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2.2 TFT-  ' ;

Aray (B ) BIE
- 4

. Cell .
S (CF - B - T - R - R

Module (48 ) B4
odule (1R4H) B4FE (PWB‘IC\ﬁ%\aE)

TFT-LCD p%&a
® 2.3 TFT-LCD 42

(BIBER - 8471...)

1. % £ Array
whcen Array WAR[ B 2.4]2 L E AR 00 2 A e EURE T 5
'Eg"glf%%?ﬁ;%l > M /it-l:’,’ BBE ]F_]_.F °
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IRIEP FERE

Washing PR Coating
' ' ' ' ""73/1% 4
128055 wwra f B
|ty b \n.j)
C NN N ) L RN
%7 S
Etching Stripping
:a'a-'-_l = 0z0z0z0 =
ST g =
R A Tresememe

AR

o A b — K g R4t F e  wE(PVD/CVD) o

A G Feek I B

’ |Jﬂ=»:

* @ (Wet/Dry) -
/‘glrl' b2 ,E]‘E'_i f

® S apI A

® ik @kl Akpet o EE

® KR YT FPFERIEEA A ke o
® &3 fc gF kB2 A

® LW sy e K2 B leS’l‘F

=
T -
*%"
R &=

RARY

Developing

BRYE

Exposure

T R
o0 -
- s Alllt ;:;! I" o
s FEAEW

ITORR ¥ig

EHiR T
Cell Eng.

Bz &R

Pattern Check

B 2.4 Array @42

2.7 E Cell
¢ feenCell ®A2[ B 2.5] »
kW hp I AEEL 5 X

B 0w B Array ehgl g 5 A 0 2
A ¥ glTy Rk R R B(LO) 0

¢

® i H-fie k| MR KRB B R R AT R - RAL
BEEF] s g_)inp,fﬁ_} I'?F‘ I
® {=ULER] I TR AR L et CF Rl o TFT ik %

SRt o RSB ERA BOEEE RS PR R o

PR N Y
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Ack) HERENR! EAVEDE

PI Rubbmg Sealant Printing = Mounting&Sealing

LJ 'ﬂl am R 1\?‘” awsmm
:::T AMAT ENIRY

tl)!llﬂFr C OEEEA L ARRSM Ba T

Scribing&Breaking LC Filling Polarizer Sticking MDL Eng.

352
—_— 1%1 . Lo
E— T ‘
!gﬁgg g fEmim @ 8%

/N = A
TR RS iRe

LCD CELL

ERIE ACFBAMT TAB-ICIEE SMTIS#Z
Cell Eng. ACF Adhering TAB-IC Bonding SMT Soldering

PREER

ACF FfIFCCO

LCD CELL LCD CELL °

TAB-IC m: IR RTIE

wwﬁﬂ'ﬁ BRI ESLEZMEY | RESHE

Silicone Coating | Spacer Rubber Adhering = Sidelight & Bezel Assembly LCD Module

wRE MERE SRE TAB.IC
- PCB W———

‘ LCD
L. N&
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- A $m$@i$’é++ﬁ%;?‘z€°
40 EPP A ie R X AUFEEF RS

-}!},%3:,4‘¢P
- ;%-E;/Z»\%P’J\"F':Eﬁ“/l)‘ » ¥HHCE /F KFEE o

= ) dadE o B AR E ) .

| FeHE | 35 @2 fNZA

B 2.7 =71 4%
2-4 FieHcp 232 2 @A o AR & fma

2-4-1 FieHp <42 2 EE

Fepop 242 A TS BEAR

EPP 3 » e B4 S BRI — 7 B4 30-3bkg/cm™2) -
Mebe RAFZ 4 F AP OB FHE W RE AP o

AT NBRE LR ERE IBBCHE 4B o

e R S BRI A gk s Pk Frié fEE 2 50-60C o
B L i s R X FWECRE LGRS o

A e
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2-4-2 4 i F UMK
HFie SR K (M 2.8]2 & F T B

AH R 1 :Max 0.15 MPa R iz §.:07 MPasi b

48
A 8.:04 MPask L
ABpA ;0.3 MPast b
- 1l U U\ MR E04 MPaskF
\S N Ee F ¥
R R
Ky

1. &
# R T
(3kgs - 2. Okgs)-4H- ®(1.3-2.
R 2 12-16Hour » # 2 £ &
EPP 7 i cnpeh | PP IS 6 3 2 (A% BB » 2 f il » BAL)
Hi e RS A e & Fo kR

(H-> 3 &
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FRE AR (B 2.10] ¢
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$z & 5 REE%2LS-DYNA
3-1 FTREA L

3-1-1 # pl3genp e

REZFTRFFABD S - E5 7 RRTEPF IV KLk
i V- EA TRl AEBE kB AN Mg I SR REP 3
Prific 4 o RFOFTRFRED - AT RFERIFLRLE X T HY
FIERAAELE A F ¢ Bt 2Rk sy > Y ERA R L
FTH O BE PR EORE T OO T 2 L RRA S P i R

3-1-2 F T RIEEE

PEFFE TR R A A S Fa i - RS R TR
32 ET R A (GHETTER ¢ S0 A ifr 2 90 a8 ) s T
IR (- EEFREE AR ) B2 GAER (Bl 257 1170
i FRLEH 2R ) vE A KL AR NS

AN

3-1-3 % TRz N
REFTRFEG A N 0 - RBFRRAE TG PR E 4 ¥
- A UEFTFETRRTEE TR A fé*ﬁ%ﬁ»l“\ ZH”P AT

kG (BR#ED) R ETR ARk e i F E@* - W3 > 50R»nET
G EE R S e
R —?ii%%mi%’¥W$i%&ﬁiﬁ§1%&(w%:

AT ) ET AN ERFAELET O RS
A A PIRRY anEL o

&*Zpéﬁﬁﬁ%_ - R P BN PR U, A X fg—"‘ TR /i’FK;E A b
ﬁ%&ﬁW’fﬁ%éﬁﬁﬁﬂﬁ’éiﬁ%%xEj?iﬁQﬁJo

7

3N

\

3-1-4 # T R HRERF
R PR Y, § Ry P TS = T S



TR 2R RBRI RN  EREFT VRt e ET S
EERETBREFZFHEFIS] D ARFRDRET o F TR AR R
rERe X2 IR ELA R N FT I HRFR HITNFLF
ARoHpREFAEe REL PN BRERLPT LETIISBATRY -

® ASTM D 4169 D 5276 ( % 3.1

[EC 68-2-32 ( % 3.2

CNS 10033 Z6061 [ % 3.3

MIL-STD-810F ( # 3.4

# 3.1 ASTM D4169 D5276 pxjz 3 R &2 e XL & b |

‘?,&\

Height (refer ASTM D 4169)
1 corner 3 edges 6 flats (refer ASTM D 5276)
) ) Drop Height (mm)
Packing Weight (kg)
level 2 level 3
0to 9.1 381 229
9.1 to0 18.1 330 203
18.110 27.2 305 178
27.210 363 254 152
36.3t0 454 229 127
45.4 10 90.7 178 102

4 3.9 IEC 68-2-32 2 i3 R ¥ ¢ #£¢ £ inl 4

[EC68-2-32 FEEE FALL (transport case)e |
Packing Weight (kg |Drop Height (cm)e

0--20 100+
2050 50¢
50~-100e 254
100~-200e 10¢

200~-500+ S
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# 3.3 CNS 10033 76061 p=is B Rt ¢ X € & 0l 1%

' CIS 10033 Z6061 HIEE e
THE S ESE e Eem)e
(kgde | 38 1 #Fe| 58 2 §f 28 3 #Ry 58 4 iy

i 10480 60 400 200
10200 |60e Soe Ahe 209
20300 |500 450 300 20e
A0-A00 (400 a00 200 15e
40--50a |30 250 20+ 10a
5010046254 20e 154 10
iR iEERE HEA- e
£ 1§k B IR A

£ 2§k B Fe

2 3 fR —hRe —fize

2 4 fR e L

# 3.4 MIL-STD-810E ix 3 & R & ¢ X & & Hff i

Package Gross Weight Design Drop Height | Maximum Test tem Yelocity
Type of Handling Change

ko Lk CIm in crmisec infsec

0-~91 0-~20 Manual handling : Fils] i a0 722 304

92~182 21 ~ 40 Manual handling | 5131 I 26 718 283

18.3~272 41 ~ B0 Manual handling : 1 : 24 G591 272

274 ~36.3 61 ~ 80 Manual handling , 46 . 18 GO0 236

364 ~454 | 81 ~100 | Manual handling . aa | 14 ad6 215
1 1

4548 ~63.1 | 101 ~150 | Mechanical handling I n o 12 4388 182
] |

8.2 ~ 181 ~ 240 | Mechanical handling b2 ! 10 447 176
113.48 ! !

113.6 ~ 281 ~ Mechanical handling , 20 a 399 147

RITEH 2R

(1) RERFD LIRS 2RTERREE PERR 2R R T
TR
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E#«mﬁmﬁ)
(3) #2pPitpdFTo
<y "7‘“*ﬁﬁ;ﬁ,@f‘*if?ﬁ:'z&’#f’fo(%?h%i@]:}‘%fiyﬂﬁ#ﬁ%)
(5) laEts F AP B ARE EATHRAL S RIP 22 T BRKLZ HEK

Back Face(step 6
' Right Faceltep 7

Left Face
(step 8)
— Front Face 5tep )

|

3 Edges istep 2, 3,40
Eottom Face

(step 100 1 Comer (step 1D

B 3.1 %Rl R e

3-2 LS-DYNA 7 *1= & #is 4 ¥l
FTRAE LTI - FEE RS AFE R A U
FEBASEFEY > Haa- R HEI R ald 2 A2 &85 4
Benf AL (% %ﬁ’w"‘:}sj it s (ATt ) 3 Upd B EA MEkES
Hy

ORI AT T 2 3T fF o P AMPRARIT R FiE RAE AT
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VEGASHEF B (R RS CEARFD) 03 B
fj"]'&r' Li.—:‘;{)‘l_cl -;L,_) )J_ E' bti é;‘ P /'E',: N N 0

e E
PEL AP DREEES T @mg
optlmlzatlon] Rz o FEFR2 1‘%0

4 VA F AL
Rigz fwafkvud @iz w2 (elements) X

R R P 047 0 T HP R R
d .

°
A o

2L (nodes ) £ o
O FHiHIE NPT REARS  PAEZ S A2 it A g gl it
T 5 A THCEAEE S 4R o
@ EduLi aricis o vd pHRE (interpolation) £ iEm iz %
Z A E o AR E \‘ﬁrﬁi:ﬂ o Belafies 2 KA
AR HC AR LS-DYNA 3 1A% 2 Sttt ~ it [ W 3. 2]
LS-DYNA €_% 1976 = 4 % R %3 % % (Lawrence Livermore National
Laboratory) J.0.Hallquist ¥ L B & » § Bl & * R % 3D 2138 {4 24
B i AL RO R T s AR o LS-DYNA iR AR g At e
o3 % Pubic Domain = B3 {7 o Bl B L @BIgal e F &= a0 1 iE
# @ % o LS-DYNA H_p o #75 ¢l 58 Ff@fe st enfl 40

‘ff"" o I p{r\n’frzﬁ—:—: =
Fer@ 4 A #1988 & -J.0. Hallquist £] = Livermore Software Technology

#- LS-DYNA B it igsf 20 ¥ 4 > p w2 2R &

Corporatlon » T
X B R R R BvengRt > #® o 2% Explicit iFE 2 EREE o
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Bl 3.2 LS-NYNA 3 &~ % fifac i
LS-DYNA #2 ;% Ewa s d S mbmi (X EHEZ BY ) Hillt

SR aF S IECE i J NN Y i L S B TR £ ”“%ﬁ@ﬁ,
%f@ Badr -G e T o ERPEF S o472 A S 473 e A TR

S R A
®

Lo AT« A dg Rfrg s AT (| 3.3] -
T fr T
L S B A AT LS LR A R S E R
BlaEfe)
.hxu—;ggs&ywx' T R (P B )

72 (hot S ¥ e AR i DR BB Gk E )
.q“'\:'z;u-% 97 A2 50 o
OB REY (B AN ).
e i R TR A e
o s R far g
RpRAE A LR R e A2 B E B % (S R
dF RN EH)o
1 R B
Bt Rk o T LR B
E@%W%ﬁ?ﬁ’@ﬁmw%ﬁ%&(%ﬁﬁﬁiﬁﬁﬁ%*‘
RS~ S AR i B4 AR S RBNES o
BRE-MEBER )
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[ B } Solver HAE T
S# CAD(Pro/E) (isovvapom | [ mestess )
HT B IRTE A1 SRR S E
i APARHR Arstanst
R
LTI - !
o TE BTG R

\ 2N /o Y,

B 3.3 LS-DYNA 4% (£ 42

3-3 RARA
%i%%p*ﬂ%ﬁ%mwwﬁ%a%<%@@4~%a%\&&a
% ~ = por SENSOR ~ DROP 7% 7 3% #% ~ SHOCK 7% & ~ % & g %) -

iT— Fhmzip o

3-3-1 fi % Al F & HAL2%K &

F oo Hilir ks (R 3. 47 MR e HERE NS4 2 b
45 1 KRBT R R~ R B %nmﬁ‘ﬂm‘ %mﬁq S R
BEPF O IFL A BRI FRE DR AR o P RS T s LA R
PP o RS S 43T A T ARF AL IR

B % JTM-S210

= R 220V
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X

NG A ERRA

B 3.4 /4%

3-3-2 &k KA

e (Bl 3.5] i B4 5+ 7 7 chgk7 cgk7 v i T RS H I (T
A ZAlean (T4 4 S diest x 4 & 0 Bk 3R A (TR T o

el cnip @ B Fl 687 o B X AR £ RN FR o A mapE T
B HH Sy E ] ol AT AR S E A o KT A
AT fo L] 1F o

Rl 2R

Working surface : 230x1050 mm

Travel = 650/300/425 mm

Spindle speed : (6step)250~3150 r. p.m.

31



N

S~

.;1u:|u ,

\“ m‘ﬁ‘lll 'l ll

| Wi

Bl 3.0 &K A&

3-3-3 = ph# SENSOR

= s SENSOR 4ci# L[ B 3. 6] 2 % F* * % £ pldc ik & hp B E o ¥ 4
RRIEI Seid B AL fg\iﬁﬁ%m%%’vn{w“m%
4T R R P E Rl R i e D B R
Bt et B AL T o

E R

# 4

ﬂJ ?_E

Triaxial, low-profile, ceramic shear ICP accel. » 10 mV/g, 1 to
9k Hz, titanium hsg, mini 4-pin conn.

Sensitivity : (x15%) 10 mV/g (1.02 mV/(m/s?))

Measurement Range : +500 g pk (#4905 m/s? pk)
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Broadband Resolution : (1 to 10000 Hz) 0.004 g rms (0.04 m/s?
rms)

Frequency Range : (#5%) 1 to 9000 Hz
Electrical Connector : 8-36 4-Pin

Weight : (without cable) 0.11 oz (3.1 gm)

3-3-4 DROP

;z’T’

NS Te96

x Sk SE R UEURASRR RN S RaP: il S Sl

AT R LA & ﬁ%ﬁ Hmﬁﬁ 2 7 - RN R glci]
W?ﬂ&i?i : % A 48 Pkl gk pd
ERRELR Y NFR A KT R EA S 2 i 2T DA &
EREXERET g o '

EY I A

Lannsmont PDT-56ED

Max. Package Weight : 79kg

Flatness of Drop : Meets ASTM D-775

Drop Height Range : 27.9~182. 9cm

Voltage : 100~240VAC
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Frequency : 50~60Hz

Bl 3.7 %TKHAE

3-3-5 SHOCK #=& % & [ 3. 8]

B R R R A BN R A SR ERA 2 TR
FLlbrF S R E S R 2 Bl Bldep o TR T R R
B A0 R VR NASBREREER S LR A SR
Fig R 2 2 AR - RE - FRAF TR BE R SRS g2 B
i BI AF RS AT HA LT IR § R EdR 24T A 5K T B TR
B2 %R 0 7Rl AIEaE 2 -

B e S

Yoshida Seiki MDST-500

7w o v ¢ - 500x500mm

R £ 8 1 T0kg

iz’ o S AN 4

- 4o ig A 0 10~300G

e (7 PR B ¢ 3-30ms
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3-3-6

TR

T

BE S
R (W 3. 9 L E g
5o a5 ¢
X o
a\ 1896
Senso Y, N olor, g SO ) with 20

7 I e Lk
qhm‘hu-

m pixel \

Shutter : Global electronic shutter from | 0 1 s independent

" <153

of frame rate

Dimensions : 160mm (6.

6. 02" )Wx242. 5mm (9. 55" )D
Xexcluding protrusions

Weight : 5.9 kg (13 1bs)

Power Requirements : 100V-240V AC ~ 1.5A, 50-60Hz, DC operation
20-36 V DC, 100VA
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Fri RHRANBEVHES

4-1 7 B & 3t JHin il
AR OE &I HORECA s B S R R R RS E TR
W B SR G U R HEA G ik o U * Shock § & %% 9 G E £ Drop
F S g A Y R R ARG IR R AT kg o
FoE A T 2155 EPP Box 4p B i xR A4 HER > A R
o A2 BRI [ W] 4.1 4o #rm o

Real problem

|

Define problem & analysis objectives

|

! }

Experiment analysis FE Analysis
Equipment setup Develop conceptual FE model
} }
Measurement First analysis

Refined model
|

'

Comparis?n of results
Evaltfation
Reporting

Bl 4.1 7 &%R51 00428
4-2 RIFHIEZ
4-2-1 EPP Strain Rate

Strain Rate ##** EPP 1+ 4R35 £+ B> @ EF 72 ki 5o

37



Strain Rate & # - & S 2 F AR 2 2907 EPP 2808 Rp o0
2.5CM = = %tk S dc B (B 4. 2] > e 8 v 2% 1 kP17 EPP 3 2 B [ % o
FERVEE[Z41]8FLES BB T O L BHESF LR
e B A4.3] THEREMPERPTRETREFHEZ L -

MTLRPORS BEY RF %S % 0 Fli Strain rate #3° EPP %
WREE A T T Y ML BT ARG A & o gt ?h > 24 Brian Croop,
Hubert Lobo, 2009, Selecting Material Models for the Simulation of
Foams in LS-DYNA #2 céfk Strain rate o &[F®] 4.4] > #-H& L EEF L
z_ 4 gy A4 o~ LS DYNA MAT FU CHANG FOAM A2 & i® 5 ¥4 4 3 o

W 4.2 EPP 4 i 3 % 15 5

%41 FERT 4

P e | Maximum [#ex 4 & & <4 £ | Elong |+ 4 &
Force &+ =# = |at Break
Kot N N/mm"?2 mm N

1 EPP15X | 436.59 |0.698547| 20.78 2.08 436. 59
2 EPP15X | 432.96 |0.692742| 21.27 2.13 432. 96
3 EPP15X | 437.47 |0.699959| 20.8 2.08 437. 47
T o 434.57 [0.695305| 22.05 1.82 434. 57

TRz 3.72 10.005951| 1.22 0.9 3.72
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— EPP 15X-2 EPP 15X-3

— EPP 15X-1

0.8
EPP 15X-2

Stress (Mpa)

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Strain

Bl4.3 FEE: ¥y SF

2.5 T T
L A —— Release
2.1
. B —— Strain Rate = 0.01 ’
154 ! ! - ¢_,
Stress C —— Strain Rate = 100
11 ! - ra
= T __: - E_ o
- B
0.5+ B ]
'-.':/ - B ’ A :
0k A . N— p— I I '
0 0.2 0.4 0.6 0.8
Strain

&

B 4.4 &k B RE

4-2-2 R = RIFHRH
Aty EPP e B Fs S ke 2 AR R

<o enfidl 0 £ 45 1T+ 2 1T.3 599 23 (M 4.5)2 /8¢ k7 Rl
o AP RARMAR AR B REE R BRI
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FRAv 1 B F N1 4 0 B £ R R TRAIZ akEp BEB o FlAed AR
FROMUFZEUAILL T2 ERAERARIL F -

ARRFZRBAF RS > EF RELY - L 20 5 R B
Bk o

B 4. 5 5 & iRl:# 46 58 B

4-2-3 7£# 21 Shock 7 *¥~% A 47

3 "R F A it * Heypermesh k&= & 4~ i e X 4t o
HeRassFAM~F o 25 P2 53[B 4.6]2 83 ¢ BR8] 4
4.2][35]#% % EPP Box ~ & 7 -~ Spacer - Glass % > EPP. Box 1§ = % ¥ ;
10MPa> % & 5 6x10E-11>Spacer #§ ~ & %k s 2500MPa- % & 5 1. 16x10E-9-
$ I s #Hc i T000MPa - & & & 2.3x10E-9 A &8 & Zdudpv 2 -
# Spacer > = T IR U RF AR AT R A4 E Smmo TR L
Pt ARG R 4.3] cFGELFTHF AR A R - R E
1l gE 206G osensor G| 0 F A EHEF % GE T 3R A b6lem o V0=
(2GH) » #= = w4 B FPP Box % :F’:% i# 5 3457.74mm/s » ¥ *F F] Shock
% 100G/bms ¥ 150G/5ms e+ =k [B 4. 7] » HF A EF 75432 & [ B
4.8]% 3119. 44mm/s -
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G sensor

R
EPP I3
Initial Velocity
= 3457.74 mm/sec
ES 3]
Spacer
EPP&E
— il
Fix XYZ
# 4.6 F 1A & #3 F
F 4.2 M Sk
Material Property EPP i ZEuEmE Spacer G Sensor | EBEEERM
Element Type Solid Shell Solid Solid Solid Shell
Element Number 112000 1780 77000 80730 8 14040
E (MPa) 10 1000 70000 2500 200000 70000
D (Ton/mm*3) 6.00E-11 1.20E-9 2.30E-9 1.16E-9 3.50E-9 2.30E-9
v ~0 0.38 0.23 0.38 0.30 0.23
Weight (Kg) 0.5540 0.0066 8.2690 1.0872 0.0035 ~0
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%043 HE A G A

4-3 Shock ¥ B 2 Shock #3%% %

Nesag

Friction Coefficient EPP HE EREE Spacer G Sensor | EWREFN
EPP 0.8 0.5 0.5 0.8 0.5
A 0.5
FHHRE 0.5 0.2
Spacer 0.8 0.2 0.2
G Sensor Tie
R 0.5 0.2 Tie

@B 4.8 Shock #~i¥ & B

Roeg AE2 el ulip SR AL RREA AT (B 4.9] 0 %G
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SENSOR ) &+ a48 ¢ B[R 4.10] > ¥ B4 A 4p ke ¢ < 12 Pro-E g ® = = >
ﬁ%l » LS-DYNA % 47 » B~ 18 e L) 22 iy 5 F "% RI5#30 &> 4 SHOCK & 45 >

Fe % P~ 19 40 44 69 L 25 22 diedg o Shock 1 & v H G sensor #riplE 4 &k
G &0 GEgSd LSDYNA 38 SAE 330[ B 4. 11] RiEimH # feinis »

TR E e 5B 4.12] 0 F & % Z0aEin LS-DYNA #53) ehe fR 2
FEsR Al R AR EE R o

Bl 4.10 SENSOR % % = ;4 iz %

43






-

100G55ms_Top_Corner

Experiment

270

4

100G5ms_Bottom_Center

Experiment

Tatle A L] LLEAE I
Ll Ll ary  S0dnt
TE b 0B} S0d00
ITEOE L] T 0L

£

Simulation ]—\

LS-DIYHA hryword dick by LS-PRE
a4
300 -+——t-= T
24 ul M |
i W
E | I {
H [ 4 - ,{f'. i
E d |
L "' !
al
-+ - - - - :
2 3 H 8 8 T 8
mire-1. 153 e+08
ma=3 2055+ Tims (545 /
! Experiment | Simulation
G Value 270 200
/—[ Simulation Jﬁ
4 LE-0VIHA keyword deeh by LE-FRE . )
350 1= 7= RA T
o .r'-l i
L |: (|
_ 74 .I.J. o
g f L vl
AT T H
B i
1. W]
T ST 0 Y
l W
-2 1 1 t
3 H £ & 7 8
=1 T2 w 00 Time (E-03]

45

! Experiment | Simulation

G value 330 250




I

(1L

100G5ms_Bottom_Corner | - - -
Experiment

= = § BATNITAR -

150G5ms_B

ottorn_Center

Ezperiment

]
jam®
[ |

; 1Y I”"-.n T ALl
gaant e
B 1
/—[ Sirmulation J—\
4 LEDYNA keyword Geck by L5-FPHE .
PEO ~ |- = === e =
Ji B
g 1 7 I':u_ T
i,. ad A\ .
. v
a PR— 4
4 B B T 8
\mm* me o
Experiment | Simulation
G Yalue 200 260
| | = g

46

/—[ Simulation
5 LEDYNA keyword dech by LE-PRE
44{)‘ ____________________________ _f_.gg;:._
KII‘I H
RS a ),.'
g, . ‘J“
§ 1 {
i {
@ A M
E - T
- 1 F 3 4
\ Time JE-03)
Experiment | Simulation
G Value 470 440




150G5ms_Bottom_Corner

/—l Experiment ]ﬁ
I o | maer |
Table 15208 [T}
1 4185 L ED
s LE ] ass
e %313 245
0

Experiment

=/

Smulation
g LE-DYHA keyword deck by i
d
Qi'———————*———r:——';_'!r
1 :
-
P A A /
- 1 } t
a 1 2 3 4 E
Tima [E-03)
Experirent | Sirmulation
G Value 250 290

-~

r)

~,

shock test W «+—— Simulation

4 BCPYHA kaarprg gt by LBWFRE
A i

Corner

Esxperimert
Top 315 340 270 300
Eottom 330 350 200 220
130G Center Corner
Bottor 470 | 440 250 | 290

47

B 4. 12 Shock *“ #F % 3




te Shock 7% % 3% 52 B 19 3] chlic £ 546 41 > i
34 FR T %G A A A meh e 2T AR e T K

s Drop FHF A 1TV e &RE

-4 EHER RO FHERE S

Drop 7% # 7 S« RipliE 7 &% ASTMD 4169 5724 5% ™ RIzE A4
; 2 & llkg» R4 T& 9. 1kg~18. kg =R > £ * level 1
%ﬁ1§13§36km-Y4’$%A$MD5W6aaéTﬁﬁ%ﬁ#i
L AR BT e A R ARRISEAY RIS G EAR B R
FAN G TR 2 EZHAS > HE A AFE T L aEHy E R R
2

4 FRL AGSF e BT o AT Gk TR A 45 o

TSl ¥ TR ) Ak B R R R R - T
LAl r‘sﬁzf&w&@fe Eiao 7 Wl [0 17k & i 5 kA [ 4. 13]
SRS S RS R Y PSTLETS SRR R RN SN TR

B2 AP4mA[24.4] BEEA 1 AR an 1 EAD S Rk B

=0 i

4.4 B4 BB i RZ ZEHRA

48



F B FpAp e T Shock RITEG 3R 0§ A 2R f 3y K A RIRHC
A A B[ B 4. 14] > 4 GSENSOR B 2>t 4k ¢ B > 32 (755 7 pl3d > B~ (8 i
B8 gy o F Y LS-DYNA 4 47 > R B~ T Ap S e i L 25 8 dicdy 0 A
£t G sensor #riplE A kenG & 0 G E € 5d LS DYNA p #8450 SAE
330[ W 4. 15] kB H & fe3n > {7 TP F L o il aw LA
FERHAE R AR LR Y -

TR 414 Drop BESE R

49



LR

J, gy .o V& e
¢ [l oF

Som gt AR 4.1
R € AR

50




/A= tl?)&")

D




IT.:-?YNA kouyword deck by LS-PRE Ls-DYNA luyword deck by LSPRE

Fringe Lavels
(uwuu olI nhlm'ﬂn* | Stress. 0.000+00
i, ceator vusses 00000400
max=0, at elomd
max dinpla resardy i 0.000e+00

Scale =§

74 MPa 61 MPa

\J' 20 mm 22 mm 25 mm -/

B 417 &4 #41
4-5 REREFAHE HRE

AR o 1Ted 1T304 234 el R 7 % &mﬁa
R WA A R T A fAME  hans 2

52



A 18] e in™ o B MEH SRS S B R G Pk Rd
e ek 2 Rk Bt AR #Bi"%ﬁﬂ%/r - A f’*i‘“ﬁrﬂzi«% p
won TG RE G T g e s R RRET R 2 A d e B g A o
Fpm > R B Ard e s To P REM 2 Edokgd L oo

Feature outside Without feature

Bl 4.18 46 &8 5 ]

b 1T e s d oA e = q'rfvf»:s“ RITE - R BRS 2
a;i;%ﬂwwﬁtw » fe BB R g AR 1 5 &mﬂ%m/@‘ B E A
3ot 3] 1410Pa 0 T sk kRS R ,5%%%[@4 19 JerAg 5t 4p v

@ o A F At AT G iR S PIPABAE | ;%‘#%%1 17.3 e 23 v
R BRPIE 0 T A RS R IRT 0 T B SRR B B
g TRF Ry TR

B 173w @ ¥ > g b IR f %“'%i‘ﬁ%i‘%"f » fadE s B d 4
POFE E A Sum > Smm ~ Tmm > 9mm > % 187 = 4 e R E 0 B kR
B2 i R st TR B 86MPa~85MPa\88MPa~
84MPa o & te3 *h 3R fcris 18 A ?H’L T s BT G IR e d SR8 b 3R
“%f ’ "U"#?rffxf%di % fmm > 48 T8 e g B Tmm > 9mm > 11mm > 15mm > & &7
S HEFRE O BERFE 2 BRAR o RS A 1T B Ik

4 E & 131MPa 128MPa ~ 142MPa ~ 134MPa -

w23 iR T 0 g P INE R %i“fi\}%/‘?" ’ %%%*"E%Eid fa
A% g 5 3mm > bmm ~ Tmm > 9mm 0 & BT = 45 eniE AFPIE ‘*%*K 7
ARBAT R AR AT TR+ B 5 57MPa ~ 55MPa - 59MPa >
TOMPa » 248 &5 1 36RO M E T o i 0 g L g
“,f R IR HCE R S Tmm o FARERE R B Tmm oo & BT = R AERIE
SEFAIPBAT R ARG AP Y FFR4 B 5 100MPa -

53



N
2y

Ed FHEFER,T 0 BEET 7 I E2 83 k5 & EPP Box ¢
R %‘rm~ PR AT Rt éj{?i’??% RS TSR o iF
:‘I}‘? [ Wi Beiﬁ»ﬁi%?fﬂm' FE}%?‘ PRI RL DA KA
88MPa~100MPal # 4.5] -

R

>
gh‘i +,

N

. . o\ A 0y -\ - . = .
& ‘\ ._v';' p .',4"; " \ ‘;‘.-V,'
AN rasmAREE S AN
fERE e 170 7\,
(EHEEE | EEE | EOfEoe o
Criginal Fail 141 a2 B R
FaeE e _ oA D e
(AR | EEEE | BOEMM) | | BN | BEEEE | BB
Original Pass 88 Simim Fail 131
-2 Fass 56 Smim Fail 128
-SIIm Fass 55 -11mm Fail 142
-lmim Fass 55 -15mim Fail 134
Ormm Fazs 54

54



mmer (DR | mmex (SR
(EMERFED | EEEERE | B0 | | EAENEE | BEEE | BB
Original Pass T Simim Fail 100
-3Mmim Pazs 57

-SITL Pazs 0o

-7 Pasz o4

Srmim Fass 0

55



CEY
Kt P P BB ALY N F o AP EREE A Y S B
G RRRE WAL BT @

l. G CR e

.
24

\Eﬂ a,

oo

FREF x| 2T 2>k BRRIBFI, 75 o

A
s A G

axf \my

2. Drop e 4 B £ B 5+
Shock cm& AL F 0" & & > e Drop4rF e | £ B R 3> &
FHREFHRS CAFHIR L RERLE  En FHE LI E o

3. fARE T b IR b IR R 3

B F e Rk R 2 B i il
ﬁﬁﬁ%i’&%Jmami*ﬁﬁW@¢
TR VR ERTE F L e

o
'_*3
o

=
F_&
BB
e

4. B ES A E R 4> 88MPa~100MPa

EREF R RS GRESA TSR AT I AR I e
W T 0 I T AR G4 K 42 88MPa-100MPa o d pptay ek dp i
By ez THEE > ZFREBA LRI A DET ST Y -

e iR R ETEL ek HERES o HT L FE s
‘fﬁﬁiﬁ:ﬁf‘\'%’g\'j\my%rjk R { - AT e %ﬂf?;&;
AT ok E SRR 0 4 2 ok TR e o

7 (-

AT PR ED g d o AR R BV g s e

g B Efﬂp g& S lag) A
*iE— Hs ¥ ?I

%ﬂﬁHﬁﬁni@a“

Y ~=h C:‘}@w
R
—
9
2
—
N
-
=

e -

J9 w
\
‘_.
L
Y
3
\\\?{r
ok
Nlud
pa)
T
b

56



DL ST E LG C RN L




\\\?{r

o

(1] §33  AB KRR A% S K1 ek S5 51996
I

[2] #ig2& » & E®E s 425K 2003 & -

(3] AppMfax P e s FamLy » ¢ EARPTEFELE B o
(4] % % A& > TFT-LCD Hezk ek » 4= 2 2B > 5475 > 1991 &
[5]
[6]

dMEw o & AP UK M ERE A SR 1996 & o

IHH DRI AT R AR 2 ERE o St

2003 = o

[7] 383 % 35~ 4 > & PR — 3K (W8 1 £ & 3 > 2006
E

(8] izsga T EPP s ibre & B2 iR K8 ~ 8 T R% L EENER 0 K

PR F 3 AR T L%k 0 2007 & o

i%-r@*”@ﬁﬁbﬁkﬁsHiﬁﬁﬂafdangﬁkg

dAhI B FT AR # Y 0 2003 £ o

[wJﬁ%% TR e R e MR T RS R

BOoR:E8 81 A 1828 kETTRLG > 0 2002 # -

[11] $la8 2Ma e ELP AAFHRAIT ° ¥ R FE 48§ 00
L= 22006 & -

[12] ¥ & -T#ipre Ko plid > e %1 £3350 Vol 45, pp.

~

[9]

|+

82-87. > 1993 =

[13] & %2 Tt R4l aigpe s ¥ Vol. 51, pp. 68-75. -
1994 & o

[14) % 3% T #re X 0 A& ¢ %3 > Vol. 57, pp. 77-81. >
1994 & o

[15] g3 & Tgre mHpae s (1) J» 58 %1 £ 5 Vol 67,
pp 56-60. - 1996 & o

[16] B3 & T8tre ZHPE L (T) o S &S ¥ 3025 > Vol. 68,

pp 46-50. > 1996 & -
[17] ¢ BER 7358 CNS 10482 Z6068 - " & % * i el G B 5o %

58


http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dnclcdr&s=id=%22095NTU05015040%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dnclcdr&s=id=%22095NTU05015040%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dnclcdr&s=id=%22091NTU00015085%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi?o=dnclcdr&s=id=%22091NTU00015085%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=p5eWWR/search?s=id=%22094CYCU5489055%22.&searchmode=basic
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=p5eWWR/search?s=id=%22094CYCU5489055%22.&searchmode=basic

E 0 AN LR R 5 1983 £ o

[18] ¥ BIF 73%# CNS 10033 Z6061 > " ¢ £ b 42 3= sk 2R 0 &
AR LR L 0 1993 & o

[19] * RFE 73%8 CNS 2999 76012 > T & £ B & @m0 LAt &
ok b 0 1993 £ o

[20] miip 3 > TTFT-LCD #H-EHgma 72 %@z~ 7 0 2 £ 1 8 BRr1
Fyaro adikme 0 2003 & o

[21] B ~mzF > ANSYS » (8372 %) 2 &R % - [SBN:
957-21-5334-X - 2006 +&

[22] +ki% > Pro/Engineer wirdfire 2.0 A# » MG 4ris 1) 4Ad
2005 #& o

[23] tk# = > Pro/Engineer wirdfire 2.0 % # %2> & & R3K3* > 45 )
Ak 0 2005 & o

[24] Brian C., Hubert L., Selecting Material Models for the
Simulation of Foams in LS-DYNA, 2009.

[25] Mindlin, R. D., “Dynamics of Package Cushioning,” Bell System
Technical Journal, Vol. 24, No. 3-4, 1945.

[26] LS-DYNA Theory and User’ s Manuals, LSTC Inc, 2001.

[27] Choi S., Kang E., Kim D., “Drop Impact Simulation for Optimum
Design of TFT-LCD, " 5th International LS-DYNA users conference,
1998.

[28] Wu, J., Global and Local Coupling Analysis for Small Components

in Drop Simulation, Proceedings of the 5th International
LS-DYNA Users Conference, April 9-11 - Session 11, Dearborn,
Michigan, 2000.

[29] Wang, Z. W., Hu, C. Y., “Shock Spectra and Damage Boundary
Curves for Non-linear Package Cushioning Systems,” Packaging
Technology and Science, Vol. 12, No. b, pp. 207-217, 1999.

[30] STM D3332, “Standard Test Methods for Mechanical-shock
Fragility of Products, using Shock Machines” , American Society

for Testing and Materials, 1977.

59



[31] ASTM D 3575, “Standard Test Methods for Flexible Cellular
Materials Made From Olefin Polymers” , American Society for
Testing and Materials, Vol. 08 No. 02, 2000.

[32] ASTM D4168, “Standard Test Methods for Transmitted Shock
Characteristics of Foam-in-Place Cushioning Materials,”
American Society for Testing and Materials, 2008.

[33] ASTM D 5276, “Standard Test Method for Drop Test of Loaded
Containers by Free

ociety for Testing and
Materials, Vo

[34] ASTM Standard, D 41 Practice for Performance
Testin 1ppI ' \ 999.

[35] htt

60



