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Abstract: Recently, multi-functionalization (as in smart phones) has been in demand, and the connectors connecting the electrical
signals of each board in a cellular phone have become key components. The miniaturization of these connectors is required to
achieve a finer pitch design and enhance the electrical signal transfer capacity. However, the miniaturization of connectors reduces
the structural safety, and a finer pitch design may cause contact problems under external impact. In this paper, a preliminary design
for miniaturized, finer-pitch connectors is suggested for a product with 50 pins and a thickness of 0.2 mm. The assembly process of
the FPCB (Flexible Printed Circuit Board) and connector was simulated to ensure the holding force between the two components
and avoid overstressing. The design optimization process was performed with the Taguchi method. Fatigue analysis was also
conducted to predict the fatigue life of the terminal, and the theoretical and experimental results were compared.
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Fig. 2 Design of FPCB connector (Developing model)
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Fig. 3 Finite element model and boundary condition of
FPCB connector for assembly analysis
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Table 1 material property for terminal and actuator

Terminal Actuator
Material Phosphor bronze LCP
Elastic modulus 110GPa 19.3GPa
Yield strength 0.673GPa 0.89GPa
Tensile strength 0.762GPa 0.103GPa
Poisson’s ratio 0.34 0.4
3, Mises £
(Awvg: 759%) /
+6.100e+02
+6.000e+02
+5.5000+02 y
5.000e+02
4.500e+02
4.000e+02
+3.500e+02
1550002 Max. Stress
iisooios 624.6MPa
+5 000: -}
+0.000e+00

Fig. 4 Stress distribution of benchmarking model



350 Al - g A - A2eA

Table 2 Comparison of maximum stress and force
between benchmarking model and developing

model
Benchmarking Developing
Max. stress (GPa) 0.624 0.575
Force (N) 1.945 2.695
Max. disp. (mm) 0.178 0.087
S, Mises
[Avgr 75%)
+6,100+02
&.000e+02
3,5004+02
5.000e+02
+4.5000+02
4.000e+02
3,500e+02
s
125008002 Max. Stress
150000101 575.6MPa
+0.000«+00
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Table 3 Design factors and the dimensions

Design factor Position Dimensions
A a 9° ~13°
B B 0°~1°
C r 0.35mm ~ 0.45mm

Fig. 6 Position of design factors
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Table 4 Table of orthogonal arrays

Control factor (L-level, D-dimension)
L9 A B C
L D L D L D
1 1 9° 1 0° 1 0.35mm
2 1 9° 2 0.5° 2 0.4mm
3 1 9° 3 1° 3 0.45mm
4 2 11° 1 0° 2 0.4mm
5 2 11° 2 0.5° 3 0.45mm
6 2 11° 3 1° 1 0.35mm
7 3 13° 1 0° 3 0.45mm
8 3 13° 2 0.5° 1 0.35mm
9 3 13° 3 1° 2 0.4mm

Table 5 Analysis results for orthogonal arrays

Lo Control factor Force(N) Max.
A B C stress(GPa)
1 1 1 1 2511 0.575
2 1 2 2 2.795 0.587
3 1 3 3 2.974 0.632
4 2 1 2 2.787 0.614
5 2 2 3 2.985 0.647
6 2 3 1 2.766 0.621
7 3 1 3 3.334 0.678
8 3 2 1 3.197 0.654
9 3 3 2 3.252 0.673
Table 6 Average of SN ratio
Force Max. stress
Level A B C A B C
1 26.391 | 27.359 | 26.929 | 13.420 | 12.419 | 12.633
2 27.239 | 28.521 | 28.073 | 12.157 | 12.098 | 12.304
3 30.797 | 28.547 | 29.425 | 10.504 | 11.564 | 11.143
Total 84.427 | 84.427 | 84.427 | 36.081 | 36.081 | 36.081
Table 7 ANOVA table
Position Dimensions
S Q| V Fo S Q| V Fo
A 3.643 | 2 | 1.822 | 11.87 | 1.426 | 2 | 0.713 | 11.46
B 0.307 | 2 | 0.153 - 0.124 | 2 | 0.062 -
C 1.041 | 2 | 0.520 | 3.39 | 0.408 | 2 | 0.204 | 3.28
Total | 4991 | 6 - - 1958 | 6 - -
22 FAHEA(ANOVA, analysis of variance)<r
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Fig. 7 Boundary condition of fatigue test
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