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Study on Flow Analysis in Glass Panel Vacuum Lift System

Dong Kyun Kim and Cheon Seog Yoon
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Abstract

To develop glass panel vacuum lift system for the post process in module line of FPD(Flat panel
display) such as LCD and PDP, new vacuum adsorption parts of this system are proposed. These parts
are composed of variable geometry configurations utilizing ceramic porous medium for variable size of

glass panels.

In order to design this device, detail understanding of flow phenomena in the flow path

of vacuum adsorption system is essential. Thus, CFD analysis and designs are performed for several
configurations in terms of pressure drop and balancing force at the adsorption side. From the result,
new configuration is recommended for optimum design and manufacturing purpose.

7=

=

POI-

=

=3

D YT(ERE) WE, m’
C AAED AF, m
D BAEAAS, 1/m
: granular Wi o] HT YA A4, m

713 (pore)d] B+ A7, m

SN

S

[3)

SIRARS
5
ol
{“lm

o
4T
ool

DYT(EER)C AEste ¥, N
: ¥, Pa
D 48 Ae, Pa

> v [
&

RS = e}

LI L

[o] #7175 2
o ](2009. 5. 15., Hi JL@L@H)
t AYAA, 39, ddista 7)1 A Fet
E-mail : csyoon@hnu kr

TEL : (042)629-8283 FAX :
* z‘;l.l/h;H?sl—"/ 1;]]25]—0_]

(042)629-8293

Py, YTy, Pa
P, ETEY
S; . source &
t A7k s
u;, u; £5% m/s
T, FFEA, m
Tij AASY ®HA
i, J WEF e (r,y,2)

1. M &
A4 =W FPD(Flat Panel Display) 23S Al AA
A VEre 2 ANEYES Higsta o,
dAGH] A g o]o] Sk A AE T
£9& Bfstae Aok Hl F2 FPD AL
JANA = B FdE ek, 1EstE A
%211 (in-line  system) WAle] A& AYAA A L



887

Q
f<~)

(A

H
e
™
o
o
£
>,
[»
i)
lo
Ho
offt
:(l){=1
1
r2
-

glass <
glass de] of
%

< Be EAA

B7ALL B glass ALS A AESA T Fig 1 2 7004 Ae ogd Aot s
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o2 A%H AE 5 Pe2 Pk LeDLiqud T8 BAARE A Akl ov], A%
o] 3z #FAH1Y, AF, BF)2 Fig. 2, Fig. 3, Fig.
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AF AL ATl Ao H_H= 3
A%, bonding A #l8te] glass HES AR
How nAsAME HE Fo] A BAYA
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Table 1 Detailed geometry of three prototype configuration

for vacuum lift system
Inl In2 1
Configuration " 2 " 2 n3 Outz Remark
(mm”) (mm”) (mm”) (mm”)
Porous
1 276 396 636 706.5
! Medium
Porous
AF 276 276 276 706.5
Medium
Small
BF 28.26 40.82 65.94 706.5
Holes

Calculation domain

Fig. 3 AF configuration

o] SlHoeln glass S AAZ FHdh= F
Holt}. 1M¢} AF AL F 2o ceramic UH3A
E4E A&eta FFAFEY WAS Weksigle
), BF 342 du7|AI7bs FEe] wA+E &
22 Zhzb JERdh 2 AEE 37EA] 03] A
92 Table 191 A8

Fluent V6.1®¢] preprocessor?] Gambitoll A 7] 3}
A Aol o] fr2 FAE EHPEAAL,
252 ZH(automesh) B4 7] 5 A&t A E

It -

Inlet (in2)

Inlet (inl)

flow pipe
Outlet (out)

Fig. 5 Mesh configuration of AF
AASATE Fig. 5E AF g4 AAE yEd
YO R, 169248702] Tet/Hybrid A 72} &oFw}
4969257 A (node)S UYEFHTE FF oA Tt
& JTHE R AAREO R Inl, In2, In3oE
AR

A

2.2 K[ufj b Al
HAEFF2A|2~8 Yo AFF= 34E 98k
b4 =4 (porous media model)S ¥ 3= A
€ CFD S/W¢! Fluent V6.1 AF&3}Ith. A ulnt
AAQl A&y malgurgda gIdEd B
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Table 2 Information of porous ceramics and coefficients Table 3 Outlet condition
of viscous loss term and inertial loss term Pressurc Volumetric flow Velocity
Pa rate (liter/min m/s
Type of Ceramic dc € Dp 2 ®a) ( ) (@/s)
Porous Medivm | (m) | ) | (uum) o (1/m*)| G (1/m) 290,000 20 0.096
MP580 580 28 | 2,237 9.83E+8 | 0.51E+5
\PL30 130 0 | 455 L88EH0 | 1.99E+5 Table 4 Ratio of mass flow rate and velocity at inlet parts
MPOG60 60 33 183 8.356+10 35645 Mass flow rate ratio Velocity ratio
In 1 In 2 In3 In 1 In 2 In3
1Sf
1 1 1 14 1 0.6
5 In1 In2 In3 In1 In2 In3
3 AF
_ Dp € (4) 1 1 1 1 1 1
2
150 (1—e¢) In1 02 | 3 | Int | 12 [ In3
BF
1 1 1 1.7 1 0.8
3.5 (1—¢)
G="5 " (5)
P Table 5 Inlet condition of 1% configuration
_ . o _ Volumetric flow rate Velocity Si
=3 Aoty g3y 20 FEAA F4(D,) s w9
o 7‘| %(pore)% =z 75_)](d[)34‘ 7]%%(6)01] %7:51_ /jl(S) In1 0.0000681 0.246 Short
In2 0.0000681 0.172 Middle
o= ved & vk
In3 0.0000681 0.107 Long
1—c¢ - .
D,=1. 5( ) d, (6) Table 6 Inlet condition of AF configuration
€ Volumetric flow rate Velocity Number of
(ms/s) (m/s) inlet
At tgga EA4S A2Ee] FEF3s Mitsui In* 0.0000681 0.246 6
Mining Material Co. Ltd. Z5-E 3t tha4d Al (In*=In1=In2=In3|
e Ane EAC Arel 1 grow A o
Table 7 Inlet condition of BF configuration
2 0 & Table 201 gz H o] Ut} =
Volumetric flow rate Velocity Number of
(m’/s) (m/s) hole
Z4H =<7
23 A= . In1l 0.0000681 2,041 18
Fig. 13 o], AgFAA 8-S 12719 94+ In2 0.0000681 1.667 2
2 FAAE FEHe HFolAEyt AAdd 1719 In3 0.0000681 1.032 42
ET2 o|Tojth oAHE ¥e FEOE ¥
AtE = A sy Al ofsf Aoy xe AA TS EARsE] flsked, ZF @Al
AE FYste dF) LR, AL AAE F O ue 9PN F9EE 319 AR S
yete] w3l o, TFAI= A Fol £ 7Atedd. =, Fig. 59 @A 45 4

AHEETE Glass I o] A7]0] whet 7hA F A TR, ITE 32 wAse A A7, 67
6/ = 12708 97 AR ET, AT BE E7M e Aol whA Ut
i ] @}%}9&4. w}aw %z A 2Rl 67

o RS BT 2 GOl dstel A

9
oA Fig 2, 3, 49 EAE A3t 2ol 6 A A
o]
H
dvt. AAzAoR §TAFHIL FTUEL o

=]
A AQsrr). ety e Az Fele] 713 10 Table 5, 6, 72 Table 42 AXZARE 7oz
E-type ©] A E]V9] A AF% 90 kPa, SY+ 37141 &1, AF, BF)oﬂ rﬂz‘sﬁ AFzAL 55
2 20 I/min9 ;S AFESIATE EFHA I o] AZFADFHY JTrHEES v 2 Ay

A A4S 183 EFF2AE Table 33 2t} sk A o)t}
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Fig. 5 Trajectories of path lines for AF configuration
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Fig. 6 Trajectories of path lines for BF configuration
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Fig. 7 Velocity contours at the position of 3 mm

below inlet of AF configuration
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Fig. 8 Velocity contours at the position of 3 mm

below inlet of BF configuration
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Fig. 9 Side view of flow-path in vacuum lift system
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Fig. 10 Pressure drop at adsorption parts for seven

different cases
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Table 8 Total acting force at adsorption parts and lift
mass for seven different cases

C ic P
Configuration erzll\x;lns;u;rous Force (N) | Lift mass (kg)
MP580 30 3.0
I MP130 31 3.1
MP060 32 33
MP580 19 2
AF MP130 20 2.0
MP060 21 2.2
BF 3.1 0.3
: |
7 .
5 / —4—1st-MP580
__ // —B—15t-MP130
i p) ——15t-MP0G0
& s *> — —<—AF-MP580
3 ﬁ —#—AF-MP130
—8—AF-MPO60
2 BF
1
0

1 2 3
inlet number (#)

Fig. 11 Acting force at adsorption parts for seven
different cases
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Table 9 Evaluation items and methods for glass panel

& A A

Table 11 Summary of simulation result for different

vacuum lift system configurations
Ttems Unit Target Methods Items 1 AF BF Remark
1] Pressure drop % below 5 Pressure gauge Pressure drop mid high | low :{t:;:i[;;;lg
2 Balance level wm below 30 3D measurement Acting force . . . All acceptable
3 Run-out wm below 50 Cylinder gauge @front section 8 oV except BF
Balance of acting force . . )
@front section low high mid Only AF
Table 10 Balance of acting force at adsorption parts for Rank ) 1 3
different configurations
Configuration Ceramic Porous Medium Finas - Fain (N) X] E!_}_-’ 27]—X] 'Sé}g- E"_l:r jﬂzjlgi )é;ﬂ%l“_%
PS80 4115 eER e FAng S5y SUdq
1“ MPL30 [N 7 FARo] U@ Yol Agalof e AF
MPOG) 105 Gaol 449 Aow woEn B 1T
sl h0s BN AAFYE AFR Hol A H AT
MP060 0.009
BF 0.432 4. 4 =
o] ] wAel 3o &up 1o F A5
& Hol - i -] e EHE FPD(PDP/LCD) $&74 ZEZ1Y] glass 7 ¢
W%Jlassﬁﬂgﬂﬁ%kgxéﬂ?}ﬁol‘:}.%’% |3 B A AE0] AN elshel, AehE ThEA
} B AT 2A AE Hro A @}a A
2O 2 4091%] O]o}«] glass Eﬂggl A 2 kg o}:lﬂ(ﬁ = oo }\: : ©
OO0 B =L S o)
19 RO glas ﬁﬂ%% Fag ¢ gn.  APANAS FIRE. EoAv=sE 98
Aete) oy B #4839 sjday) pay  AES S oa g
AFEHA 20| FrFGEe 1o AH H A(F)7} (1) 1%9b AF el wAgel, 7139 2717
AFPe e, FPE, EEHOZ, Table 9 Aagte wet g EEE QI frEAFel
o AzlsAdct s7tetaL, webd EAsE 7k (MP060
AFFHA 2] FEEALS 5% ol3ts 7|+ > MP130 > MP580)
o7 3} FFE F e J oA AT (2) 1°-MP0603} AF-MP060-S #|¢]d Ywx =
dedste] ol 7ol el H, 90,000 Pad] 5 = A9 qEH&A FrE 5% olFE wEar)
% °]std %‘—Or%- 7709 A% S 1°-MP0603} 3) AA BAE malE = 9= pAGE T
AF-MP060-2- Zﬂﬂ_@ u A7 457t ‘D-]oﬂ off & 279 Aasha, 259 AW Q¢ A7 m
ﬂ:}k A=t —Ea%j% um]%iif:i ]°‘ F e AF FAolA, duel gk ol v}
Z a2y (24"‘7__0 o) o H o A I 1 = = = =
g e rEEs el Mok ATy Gegd = g9ne £59 SHolA AF
£ A Fabrel Agshe gAe Adast )T
Aaghel o)z PYmsh EEYL wusgg. oo CeOT _
o o b 5 an 4 AlgH vad 248 ARgeA fEaL, S&
Table 10 Fig. 119 AZ=ZHEH F2H 2-& i
G smaree] = A gbol 2lol = 5o AW e Es w3 7= BF @4
she FRe] Hugtal Axzkel Aole Lhel i TR
Aoltl. AF Abo] 1t &ARU} 71 X o)A oA sttt 7 A, el A-geke 7
FAF Fo] FestE AL < = glon Fig. = 7P A
1ellA Ao 71712 AE 7Hssitt. (5) Glass #d Z7]e wE A= 84
Table 11 7bse] whaola] 37b g4 W, edeh A & sawd A S
(1%, AF, BF)°ll #3 235 AHelg Aot of zt&3sh= e Hdx ALl HA s AA
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