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ABSTRACT : The present study covers the optimal design for a lens module in a mobile phone camera by using the
design of experiments (DOE) and finite element (FE) analysis. FE analyses are performed to investigate the effect of design
parameters on the amount of torque required to assemble a barrel and a housing part. The DOE approach is then performed
to optimize the design parameters in order to maintain an appropriate torque with less variations.
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Figure 4. Schematic description of the conventional screw
mechanism.
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Figure 5. Schematic description of the proposed barrel-housing
screw mechanism.
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Figure 6. Finite element mesh for the lens module: (a) mesh for
the entire domain and (b) enlarged mesh structure of the bar-
rel-housing contact region.
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Figure 7. Distributions of the von-Mises stress: (a) the barrel, (b) the barrel-housing contact region, and (c) the press ring and
three lenses.

Table 1. Mechanical properties of various materials Figure 79 874 2}ol& -6 o2 F-oI3st 3¢ = 5
AR 3 AER UAAE 7 Zo
Material PA66 |PC3025|ZeonexE48R| Brass ;]—O]—o‘ﬁ-iﬂ?jl—_% (_)} s P T;—L}L j Tiﬂr/}iq— 6 m = o
, 3T g e = = T4 Figure 7 (a)
Density (g/cc) 139 | 1.34 1.02 8.47 AR o] 3619] W Ul qelelo] 2e1%) "H‘/Hoﬂ/‘i«l P
Elastic modulus (GPa)| 10.5 34 2.55 115 o S P
o S8 BaE EASE, W PR 38R A
Poisson's ratio 0.3 0.3 0.38 0.307 A} 9]0 BRe S2lo] AW Sk %= Tk Figure 7 (b)°] LM}
Tensile strength (MPa)|110~186| 80 71 20.3 G 1 o o 169
: . AT SHEEE gl mAsIgi o, ol ZFE-2]
Component Housing | Barrel Lens Press ring HSEe 111 MPa, S]] ASE L 192 MPaE =5
. -
of 9 hake] Baio] b e Sejo] WYL B
TAIEILE d2) AE f3teasla] 2 el ABAQUS A 4= itk A7) A= AR A (Table 1 F2)oll
g3te] dlAS FSFATE Table 19 ZH2e] Q. 4xef] st A Hlal] Fs] A2 o ® b 5 oY wE B &
2w e A B4S okt % 9tk @ Figure 7 ©°1 71eh FH2] SHRPEE A3



370 Yang-Ho Moon et al. / Elastomers and Composites Vol. 44, No. 4, pp. 366~372 (December 2009)

o} kel ol A ool 53 Pa, 1W A=) 79 Hoh$-
o] 7.5 Pa® AtfH oz ww|Ekelown, 2 @l=e] S
1362 Pa, 3 A=9] 739 3,06 kPa® A2 07 F7leht
Al AANES] QL) v u] F5] A2 o= 3

7t At

2. AR WE FEQUR 24

Factor Description Standards | Deviations
A Screw radius tolerance -6/m -15/m
B Screw corner radius 104m 30um
C No. of contacted screw 2.5 3.5
D Screw contact area 0.173mm’ | 0.080mm’
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H Housing thickness 4.5mm 3.0mm
1 Housing material PA66 PC3025
J Screw angle 60° 62°
K Pitch tolerance 0.3/m 0.295/m
L friction factor 0.1 0.08

Table 3. Comparison of the maximum stress and torque for vari-
ous conditions

Factor Max. stress Ma)'i. stress Torque
(Barrel, MPa) | (Housing, MPa) (gecm)
A 14.4 20.5 147.6
B 66.4 76.8 295.3
C 29.8 352 149.0
D 29.2 39.3 222.7
E 18.1 33.6 127.1
F 18.6 16.5 84.8
G 42.4 58.9 443.0
H 47.1 87.7 57.5
I 86.6 130.2 101.0
J 52.2 75.0 177.6
K 22.2 27.8 170.2
L 19.3 31.8 176.8

Torque variation
Accumulated contribution(%)

Figure 8. Pareto chart for the torque variation.

Z 12718] AARSE ATt ZH2He] A A o
71 AHE-FAS BEFA (Standard) 0.2 -0 3 AFefof A

}_
7 (Deviation)& 013k} Aste] v At & £
o}
%

o o E 2

=
L Zb7te] el tigt dA AHENH A5 AT
FR-o] o528 9 A3 A3E Table 30 Alskich
W Asty o By s Aurd 4 575 gremolA H)
2953 grem AR0]9] BXEE Ho 7]FA] (1653 grem) ThH]
34.8%°N14 178.6% W] WolA WstshE & = dsich
Figure 8¢ 71 Wg=kol] tfgh A= o] Wstas 1
ZZ TN AEE Wstel nA= JEFS EA sk
AR frERE ] Aol (A), HE AR (F), ARE A g
AT AR ) £ GTFo] T A om FAEGIT o]
ATE vpgro g7 A7) 4714 9] %7 (Vital Few)S tiAO.
AFAGH Y AAS HA 21E st sk

CI

s

e

3. AEAEHES MEe A 2HF

2 AFolM e el AFH a7l AAZAE tide
2 ARAERE AEslth ol 4Y®E AE (F), YHE
Y= (), 78 AR ()9 37HA] QIARE AR o ==
248 = e W, WA fanb ol zko] (A)e] A5 LAk
Aoz T fFatdez 24 Jhssiu A A AY
THOFE Qg AAkrt Whgsto] o] oy wAZ
3214} (Noise Factor)= A sFitt. AdA S-S 3719 A
AlRIAReE 170] 517 e el 2712 o2 e Q1

& ARgste]l AL, F 16919 A4S Aaysiiich
Figure 91 #th-g-2 el thsh &3 (Main Effects) 12325
A8 Figure 9 (a)i= FHth-a-8 ] dtatel ofsh =&t
TR 4R ARt W] At RO MR v
TS g slom, ZehaE (PC3025) U AREeRlE
Ak AR ZVeTE 2E A AdSH o] Aadts &
20 Figure 9 (b)i= 3 vl5-# 2] Alsth 351 (SN Ratio)°l
ek e =R oA ARl Ak YaRke] ARk



Improvement of Assembly Characteristics of a Lens Module of a Mobile Phone Camera using Finite Element Analysis 371

Ring material (F) Screw angle (J) Housing material (I)

120

100

80 o

Mean

- s o e

40 A

T % T T T T T
(1’ [~} \

O P QO 7

de Q)(b © ©

(@)

Ring material (F) Screwangle (J) Housing material ()

-30 4
-33 4

-39 4

S/N Ratio

_42

\o} . N -
QO@(‘P Q} (g? G;)Q %‘L Qd.bg Q?.
(b)
Figure 9. Main effect plots for the maximum stress: (a) mean
value and (b) S/N ratio.

Ring material (F) Screw angle (J) Housing material (1)

o
/

-3 T T T T T

‘3 Y ©
Q W\ Jo) Vel
O‘ Xy 2;\'0 @ © 5 Q

S/N Ratio

Figure 10. Main effect plots for the S/N ratio of the resulting
torque.

Fogs & loH, éi}*‘i‘ ddEE AHESHlE AT
A S7F Azl A7 A e
AdE HYS & F %E}. Figure 10> 7| A EAE 100
grem® AN A A& Al A5nlel g
Fav gyzelty, 1HZE B oY Ao Ut
TP & Ao BAEN, SetAE 4YES ARES
A9, ARt et & 739, o8- AS7E PC302s) B9t

Table 4. Comparison of the optimized conditions and their results

Factor Current design| Design (1) | Design (2)
Ring material (F) Brass PC3025 PC3025
Screw angle (J) 60° 60° 62°
Housing material (I) PA66 PC3025 PC3025

Screw tolerance (A)|3m|Ogm|-3xm |3 m|Oum|-3zm |3 m0xm| -3 m
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Figure 11. Histograms for the process capability analysis: (a) be-
fore optimization and (b) after optimization.
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