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A Study on Six Sigma Robust Design of Gripper Part for LCD Transfer System

HHE

W. J. Chung*, D. W. Jung’, S. B. Kim™, Y. M. Yoon

I Abstract J|

This paper presents the robust design of gripper part for a high-speed LCD(Liquid Crystal Display) transfer system.
In this paper, the 1™ DOE(Design of Experiment) is conducted to find out main-effect factors for the design of gripper
part. Thirty-six analysis are performed using ANSYS® and their results are statistically analyzed using MINITAB®,
which shows that the factors, i.e., First-width, Second-width, Rec-width, and thickness of gripper part, are more
important than other factors. The main effect plots shows that the maximum deflection and mass of gripper part are
minimized by increasing First-width, Second-width, Rec-width and thickness. The 2" DOE is conducted to obtain
RSM(Response Surface Method) equation. The CCD(Central Composite Design) technique with four factors is used.
Optimum design is conducted using the RSM equation. Genetic algorithm is used for optimal design. Six sigma robust
design is conducted to find out a guideline for control range of design parameter. To obtain six sigma level quality,
the standard deviations of design parameters are shown to be controlled within 5% of average design value.

Key Words : Six Sigma Robust design(4]24|20} 7 87), DOE(AEA2)), RSM(UHS-E ), Gripper part(1 ™ ),
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B shute] dwollA] W2 LCDE A4 & = oAl A 4m 0|9 2749 column #} dual arm ¢-& 2XE A8t
TN = Sle o8 AEE 7RI oj4E LCDYH) T Yk o71M aEHEE Y& 2R arm 0] @2
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Aom AHgo| A4S ot FHHES AT 4 Qe YT 2YHEY ARS8 A2 AL dFrlEo|H o]
AL F71ch met 2y ERe] A HHA 734l Aol 7}A= BAAS 9 QA7 Poisson’s rate5-2] A
28 Aol Z7HHA El= Aot A3} FHA] FAl] FWlel AR 714 st ARl M= AR EA
7430] ¥& LCD o542 1%11%‘% A7) A= of B3 7 Table 10 Urehfgict.
U2 AAWS7L dasith AANSE A SAS, QA% 314 48 A Table 19 Uehd H2EAHEL 25 14

= 5Y Aruset dHgATY dANSE s 5 ded, o2 Foon FA4L Fig 20|14 Hoj= A} o
7| A AEHsE gsiotn ZPgsta g4k AR first-width, second-width, rec-width, middle-width, sup-
w2 13stgict AFEt w2 YRS AZer) YA width, thickness, sup-thickness] 77]9] FAHH4E slod Al
£ AAMe F 77 AAWa7E ofd g 7 o g A FAZE 4Ysiglet. 7k YA 27]X] = Table 29} 2t}
el wlojof sh=A| motet= Ao] Fasith s 7ol
E2 IHHEE ARt 33 T7A AR =R A Table 1 Typical material property of steel
A Azl olde A5 FrAot ol gt tHA 5 ;
oz B2y 37 7@ A AR Aol eekaa) okt Matenalhproperty Value

B2 o)A AEA W (Design of Experiments, DOE) Mass .dens1ty(kg/m’\3) 2770
2 o35 LCD ]./-O: 420 T HE AAH 285t ¥ Elas.tlc Modulus(Pa) 71e+09
& =& Y, HEHH(Response Surface Method, Yield stress(Pa) 2.5¢+08

W 3
RSM)# 0% el Abgstol 29 Re] 43 A Poisson's ratio 033
5 513 §Alo] AR B & A AANSE 22 9

2

Table 2 Initial value of geome arameter
th 3 A& A 2nb 7EAM A (Six sigma Robust Design) & R
=
=

ol g5t MA gol ol FE=& ] Eofof AA A1 Geometry parameter Value
o =58 94 T 4 A A& First-width(mm) 30
Second-width(mm) 30

2. LCD O|&Ek| & O8im 8 Rec-width(mm) 170
Sup-width(mm) 35

21 LCD O|&%X| U J3m & i Middle-width(mm) 35
Fig. 122 A4 LCD o] $AA]9} dj4lof AHg-d F4a & Thickness(mm) 55
Aol wred g zhekst Bl S ey Qloh o] FAkA| = of Sup-thickness(mm) 5

Rec-width

First-width

Fig. 1 Real LCD Transfer Crane and its simplified
model Fig. 2 Schematic diagram of gripper part
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H4(Finite Element Analysis)

A4 FEM 34 =72 ANSYS 8.0%¢&
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3.2 HaAE

A4 A 8 ¥ (Design of Experiments, DOE)& £
4 71geR 219 AQE T2 ASHE
ote] A wol o] &1 glek. o]
244 48e ¥ tlE U9 9850 488 4 U
CAE(Computer Aided Engineering)¥} 23t wjc v
88170 AHSEI 3, A7H0] Bo] 2051 A4 43
g o AFA Yo mt sjAE st 2 W o
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A Q8o 14 AUARE SYsdn 2A44E 99
dutg oz 74 go] A2k fractional factorial design
S ojgatglch AGALL 7Y Ao el EAE VY
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Fig. 3 Loading and boundary condition
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1Z do7kAl ¢hA 8t7] st w,, we 058 F4le
JiF3 f7E 72 859 00052 AASHAT,

AEA L ot} 323] 4 E SPF F IS P
o] g3kl £ s3ith. PHALE FHE HFES ojFs}o
YehE Fig. 49 2t

95%92] AlF L (alpha=0.05)8 7|£22 & o Ao}
YA A HA3}o| 2 ZQ A= first-width, second-

Table 3 Upper and lower values of Design parameter
levels for the 1 DOE

Factor Lower Upper
First-width(mm) 20 40
Second-width(mm) 20 40
Rec-width(mm) 160 180
Sup-width(mm) 25 45
Middle-width(mm) 25 45
Thickness(mm) 50 60
Sup-thickness(mm) 2 8
Pareto Chart of the Effects
(response i C12, Apha = .05, only 30 largest effects shown
sazse
é . 3
Facdor Name
§ A Firstwidth
= B Recwidth
g € Secondwidth
D Supwidth
E  Middewidth
3 F Thickness
E_ G Supthickness
000 081 002 003 004 DOS 006 507 008 009

Effect
Lenth's PSE = 0.0106732

Fig. 4 Pareto chart of the standardized effects(Alpha=
0.05)
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Fig. 5 Main effect plot
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(1) A H4>(Design variables)
z,: First-width

Rec-width
z,: Second-width
x,: Thickness

(2) $¢¥4(Response variables)

y,: maximum deflection

Ty:

oo MAss
y4: objective from eq. (1)

Fig. 6 Design variables & Response variables for the
2" DOE
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Table 4 Variable range of design parameters for the 2™
DOE
Parameter | Lower | Baseline | Upper Alpha
%, (mm) 20 30 40 1.414
., (mm) 160 170 180 1.414
z,(mmy) 20 30 40 1.414
z,(mm) 50 55 60 1.414

Table 5 Design matrix of the 2™ DOE

Experiment T Ty Ty z,
Number (mm) (mm) (mm) (mm)
1 20 160 20 50
2 20 160 20 60
3 20 160 40 50
4 20 160 40 60
5 20 180 20 50
6 20 180 20 60
7 20 180 40 50
8 20 180 40 60
9 40 160 20 50
10 40 160 20 60
11 40 160 40 50
12 40 160 40 60
13 40 180 20 50
14 40 180 20 60
15 40 180 40 50
16 40 180 40 60
17 30 170 30 55
18 15.86 170 30 55
19 44.14 170 30 55
20 30 155.86 30 55
21 30 184.14 30 55
22 30 170 15.86 55
23 30 170 44.14 55
24 30 170 30 47.93
25 30 170 30 62.07
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1,=0.00247-0.00028 z,+7.20956E-062,-0.0003 1 z-4
-0.001320,+0.0001222+8.57012E-05 2.2
+0.0001222+0.000602+4.2786E-06.2, .,
+6.4609E-05x, 7,+0.00013z, 7,,-1.40603E-06.z,
24-4.92553E-06T,2,+0.00014x,2, )

,=72.87570+2.00409.z,-0.84863 2,+2.00409 2.,
+8.036252,+0.0510723+0.0510723+0.05107 z

+0.3595222+2.39316E-152, ,-2.90668E
152, 2,+0.26030x, 7, +6.30443E-162, 5
-0.11077 2, 2,+0.26030z,z, @)

1/5=0.58968-0.018592,-00003273,-0.021249 2,
-0.09419.2,+0.0119023+0.00881025+0.012122

+0.06153922+0.00043 2, 2,+0.00646 7
+0.01448z, 7,-0.00014, 2,-0.00101 z, 2,
+0.01571 247, )

A4 Aol A3 FaelE iSight®o A AFet: 3l
£ genetic algorithm & ©]-&35}4c}. o] o BT A4
£ 47 1002 gt GaA & 320] wufga E9H
o] B8 77 0.87 0.052 AT, A HA o A}
B3 Ao vbg Aol o) Tajxl B AHAE o] &3tGi)
Fig. 794 A3 Yetfdrt. ohg 50008 o] %9 A
% S(run counol A $RTE AE £ 4 ek, 1Y
AAH BAL first-width, second-width, rec-width and
thickness9] Zol7} 242 31.686, 175.131, 32.798, 59.749
mmy © ozt =Yoo o f AHHAL 1.7mm oL
BAe 77.3kg o2 UERLT

o) e H31AIE ookt F ol by shl

00 000
RunCernter

Fig. 7 Optimization result
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Fig. 9 Sigma level according to variation of Std. Dev.
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