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A Study on Strength Evaluation of LCD Glass for Drop test
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ABSTRACT

As the structure of a mobile phone becomes thin to catch up with a slim product trend, the reliability of a LCD
module is on the rise as a big issue for a product design. A drop test is the most basic and important verification method
for a mechanical quality control but it requires much time and cost during a product development process. Thus many
manufacturers have considered design guide lines using CAE and simulation for more effective usage of limited
resources on the market. In this paper, the Maximum Principle Stress of a LCD glass panel is calculated on the basis of
explicit FE Analyses method and input conditions are determined according to the general test standard. The design
guideline for reliability improvements are suggested on the basis of the results of FE Analysis.
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Fig. 1 Schematic diagram of drop test
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Fig. 2 Experiment models
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Table 1 Drop test result

Rebound height ,
Initial drop h; (cm) LCD
direction Standard | crack
Mean . .
deviation
Main LCD
LCD | Glass impact 1.04 0.65 None
module Sub LCD
Glass impact 1.07 0.58 None
Lower folder
impact 3.33 1.02 None
Upper folder
impact 3.78 0.85 None
Side impact
Mobile | (Left, Right) | 61 | 283 | Nonme
phone Front folder
impact 3.72 1.27 None
Back (Hinge)
side impact 3.67 2.53 None
Open state
impact 3.16 1.29 None
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Av=v, | +]|v, | (6)

2 49 At = BAZ} S FEdE 0
of A3} FEsEe A F A4 A ZH(duration)
& duigtt FHALAN FFE WAE AR
(factor)E F WEHQ o] 4% FEde EAE
o] A A(material)o] =, FNtAoZ FE Wi EA
o] A (stiffness)’t EEFE FEAS AL #
28te %€ Jebdd.®

FUHEL HEF 29 HAAEY 95 A o
Bl 27 A& AT HYs & 1.0~20ms A
old] E¥ald] vt Aol FAY ALolE 20
ms o 7}t gkol EAHY, FH uigda go] F
Aol AA7e AAo LA wojs 1 gro] o}
;‘(—]q_.10-13

Ay AFANEY AFH TAEE HIPRLE
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2 (5% 6)g °ol&std 15m FoldA 3}
Al 7belR e BT %2 3 (average impact force)E Al
Abslget. ol Y3l Table 1 & o] hyol that 3

A9 3P ALe o8 2 A I
(mass)E Z+z} 2H&3HITH (Table 2 #E)
Table 2 Average impact force
Mass h, Average
e Av impact
(® (cm) force (N)
LCD | 98 | 10 | 0.08 | 585 57
module
Mobile | gcs | 35 | 015 | 623 | 539
phone
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(a) LCD module
Fig. 5 Model simplification

(b) Mobile phone
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Fig. 6 Finite element model
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Table 3 &= FF 2 AR} BHXNE ved 2
OE p £ ZE,E+ §A44F (Young’s modulus), v

T ¥ol% H|(Poisson’s ratio), o, £ FE-FH(yield
stress)e Zkzh 9wl g,

93t 2482 EA FA vlHse e
7FA 71 &, $A mde FAs AL AL S
gr3ly] 98 Fa¢ abolt)

Table 4 £ AA AFS FAS Y mdo] 7
Ag 4% H]-u-?’} Roltt. F ¥H E4x9 ‘:”E
£ 24359 {4 Ede] FAE dA 2l F

Table 3 Material property

. p E Oy
Material (kg/mm®) | (GPa) v (MPa)
LCM 0.29 ~
Chassis | SUS304 | 74E-6 | 200.0 [*-5 7| 275
TFT 61.0~]022~| 60~
pancl | O18sS | Z1E-6 4 g6 1025 | 75
1.2~ 44 ~
LGP |LX2801 | 1.0B-6 | ;0" | 038 | “(y
POL | PET |1058-6| 3.0 |93~ s5
0.41
3.0~ 0.30~] 350~
PCB Phenol 6.4E-6 20 035 400
6.0~ 1030 ~| 200~
Case PC | 132B-6 | 1, 0S| T
12~ 44~
Keypad| Acryl 1.5E-6 28 0.38 58
Tester | stiron| 7.2E-6 | 200.0 | 029 | 310
bottom

Table 4 Weight correlation of models

Actual weight (g)
LCD module 9.8 9.7
Mobile phone 86.5 859

Model weight (g)
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Fig=
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Fig. 7 Finite element model
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Fig. 8 Drop direction of LCD module

104

LCD REWE 4H3iAZ dos dutzdoz
Fig. 8 3 #o] F LCD # @ #ld(main LCD glass

panel)o] o} ZE
A4 LCD BE

2olch
SRk

o7t AriHos Re
o W& sHel Foe A %Y
ot 249 43
9 WRE F5H7 BB ROE

&w:mM4%£:¢4q.g -
A7 s, ol
+ 9
St 2E

A%
goa.

!

T © FH ﬁ%ﬂ 7‘”%*"

AlHE MR

A
i
el
o},

(a) Lower folder direction drop

(b) Upper folder direction drop

(¢) Open state drop
Fig. 9 Drop direction of Mobile phone

Table 5 Max. Stress on LCD Glass Panel

o Max. Principle
Drop direction stress (MPa)
LCD module | MainLCD 57.0
Glass impact

Lovyer folder 26.1
impact

Mobile phone | UPper folder 56.7
impact

OPen state 422
impact
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Table 5 & ZF 93839 thsle] LCD FElgy
o ¢7tElE Ho F &3 (Max. Principle stress)
& UEhd Aot

LCD fejshde] s&E #4357 98t Park,
SH! §& @448 0m)™ &4 EB AAVE
Z+7} 286.6 MPa, 19.9 ym & A 2} 5+9 2™, Choi, S.S.2

52 A3 (ultimate stress) 70 MPa & I}&9o &
97]59_2 AHEEEQTE o} 9o B& AFAbE A
TEo R #g J|FoR BAAY IALHS
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Atell wE ohae] Aolrt AR wtHozE 65
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Ao JtEde]l dHFHLoR ¥& RAoE FUI

1L ofo

£

Table 50X LCD R 2 & SAE ol
T 3l kA9 7414754 grol #& 7]
%@4?_1 70 MPa o}5}2 & Eo, o] A
E AP Hed" M mde 7z HA5)
o g W 34L& 71 £ oz gad
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AA GtAlE Al ojm g wrgoz JElE Al
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(a) Stress distribution of LCD module

105

(b) Stress distribution of mobile phone

Fig. 10 Max. Principle stress of drop object

Fig. 10 € WA EA7} s} 258 &3
o B $¥HY EXE U HeE, & 39
ol AT € X9 FH& stvdol AuFoz Fun

B S+ glo

Force (N)
m -
%0 | @ \
o | / N (1)

200 } /
(5) \
e/ T T .. (8)
. l \
0 05 1 15
Time (ms)
~wm (1) Full_Phone_Lower_Folder_Impact
(2) Full_Phone_Upper_Folder_Impact
----- (3) Full_Phone_Lower_Folder_Average_Impact
----- 4) Full__Phone_Uppér__Fo]der_Average_Impact
(5) LCD_Module_Main_Glass_Impact
----- (6) LCD_Module_Main_Glass_Average_Impact
Fig. 11 Impact force
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Uerd Aolth. FHE SAlEo] olalZ Zd(lower
folder) W&oz valsl= Ao T3 g 792 N,
At gk 1.5 ms 1 ¥ ARQITE Hejo] FF o] FulE
4 Aolzd JtAA HH, AEH FHY JA
g 4 4E ol&dtd FF FAHYPo=Z WHHsH
504 N 9 gho] A& do) o9 L wyoz &
St el dE FE FHAYE ALY + At

Table 6 & 7} &} o] st A A2 H
AEE H3a 24883, 23 dolA AA g3 Alg
ZAFHE ol §3slq AMHUY BF FHHE vu
gt Zo|t} (Table2 &)

Table 6 Average impact force

Calculation
FE Analysis result (N) | on the basis of
h, (N)
LCD Main LCD
module | Glass impact 69 37
Lower folder
Mobile impact 504 539
phone Upper folder
; 527
impact

Y AuzRe AEd HE 48 g 4
Al GEAE A h, E ol &38le Add gEF
HaPS o 80% WY F&EAA Fx dAEA
=3

FAHE SAFol Faete A% g &6y
23E #MF 23, YAy Hx FF 24 A
780 ~ 840 N9 I3 g3} 1.0 ~ 1.6 ms Ato] 9]
At &g MAE FEEH JMo] AEHJod, BE
27449 ¥t 495~530N o]t

FOE SAEANM 9% Ev Yoz HF
93t $48L oldE Er W HIF $48d
Hl&) oF 46% AT FAT, LCD 3 #del A7t
HE Hd $E€2 4% Ed9 #3oz daisie
A7t ot % Er] wgoz Hitete F 9o v
& 28] o]l e AL FUE + U} (Table 5
Zz) ol FUEQ 77 Fx 4 olgE E
o] REEC] AF Erjd YXg LCD #& #Hd
2 Agge 38 $3Y8 o= A SFAAF
7] 49 Aoz vy 9% Eu Wigog 9
Y43}l Aldle 248 g4F3 £ & e £El ¢

£ dergael slste] 7] WEol, AHoR ¥

3
T
=]
RuN
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& §¥°] LCD #H e Astdth

‘fr } %7—-1611“—4 AARgE AF AAAEC]

F2HQ ZEI} %@ FRE AAsn, 717H
BAE 9% &g Re 2] 9 Fn A
22 289 4 9o
l [ Main LCD Glass ]Lower folder
% Upper folder
ub LCD Glasiw%
(a) Upper folder direction drop
Main LCD Glass
Rk et amt(BET) 1
T
Chassis Sub LCD Glass

Gap between
BLU and Chassis

(b) Structure of LCD Module

Contact between
Chassis and LCD Glass

Contact between
BLU and Chassis

Deformation of
Chassis

T I Impact foIce I T

(c) Deformation for impact force

Fig. 12 Breakage of LCD Module

Table 5 oA FOE€ HF 09 wFez ¢
A7 W] LCD fa g9 m&E sheAe] o
2 g gilste A vs) ooz g2
Aoz YeldEd, Fig. 12 £ 24 7158 3¢
AJAEE AT Aol

FAE oF Aolxst APH AEFde £
#74go] LCD ] A2 FHE 238 AA

(chassis) £o2 HEHEH, o] 9 Fig 12 (9 &
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o] AGE F Atk AE EW MHFo] dAH
= M B9 ZAo|gan TZ-LQE— H] = (bead) &
At By, A EXe R Y4 dAE 94
sl W, 7 93 g o] Z(cushion tape)S ¥ &}
o]E #Y(back light unit)T AfA] Ato]el 7+ (gap)
o F&ste A Fo] HAdA A& st @t
Eo|th,

Table 7 Design guideline of LCD module

Part Improvement method
Thickness adjustment
Chassis Side edge design change
Material change
Mold frame Thlckm?ss adjustment
Design change
FPCB Thickness adjustment
LCD Glass & Mold Gap size adjustment
frame
Thickness adjustment
Cushion tape Material change
Location change
Size adjustment

Table 7 & 7/fE @A LCD BE Yty
E HEE F e 7174 27 PHEeEs g
Rolch. olelst 7174 BP0l o]F0A7] A
7 HEd olF9 FREEES A7 sMsld ¥E

o
(o
2

RTLZA LCD 7Y A¥ e Ths el 2
23Ex9) Axg FFHoz WA 2 + 3
o
.. 2B
B Q78 Faio) e 2e AFE Ao

1) LCD 2EF FulEo) vg 7|74 A2A4L 3
7betr) 9lsted G E S AA AT, Yt f\l
BA7L Hol 22& RolE A% HF 3
gg Altsdch

2) LCD ZE3 FuUE SAFY AE
LCD %3 #Hge Fx=E 587
Je ANELE FAHIHA, 4T ﬁ
g F YL AsS LH 44
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2 A Foll AkEE HY F Y9 Aol
UTE A1, 72AA U 234 F8
A71E d Fz2 e e AA AFEE AN
o.

T Je WEE AA
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EAAEL WAL wiAld HZAHA FR o)V
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T3} ol A= Fo]E HY & gtk o] 3
A Ante] AF g d¥E EAPEDS $F oS
A =Y Add dEs) g4l BHAE
o dolEuol 28 S4FoBN HAHoE F4
Ad F 9lg Aoz sy,
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