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Design of a Mobile Phone Structure for the Improved Stability

Seung-Hoon Ro”, Jae-Yul Shon*

ABSTRACT

The contents of mobile phones are rapidly appended and the structures are being changed substantially. Most
of the problems with mobile phones are related with the vibrations and the displacements of PCB boards. In
this study, the vibration magnitudes of the boards by impulses on the case are analyzed with the variations of
the selected design parameters. The result shows that the extensive suppression of the vibrations are feasible by
the proper selection of the design parameters. Also the suggested relationships between the parameter selections
and the magnitudes of vibrations can be applied to establish a database for improved stability of the mobile
phone structure which is a critical concern considering the short life span of the mobile phone models.
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Model Company
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FFT Anayzer DSA 212 Systems
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Fig. 3 Photo of the case 1 (@ of Fig. 2)
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Fig. 12 Anayzed 1st natural frequency and the
vibration mode of the assembly(®+® of
Fig. 2)

Table 3 Natural

i

153.7Hz

frequencies  and

corresponding
modes of the assembly(@+® of Fig. 2)

Nat. I
Freq, Vibration Modes(FEM)
e
_ - ] |
1st
Analysis(FEM) Experiment(FFT)
153.7Hz[Fig. 12] 154.7Hz[Fig. €]
Error : 0.6%
/ /)
A4
2nd 7
Analysis 360.6Hz
EEE—
3rd ~
Analysis 587.8Hz
4th U
Analysis 638.2Hz

233 Aol JHo] 2YPH AH AFRA
(Fig. 29] @)

Fig. 73 o] 5 7h9] Aol=s} 7|9 F W7t =9
d Aol mat] fesvds detn S
Ay Fig 139 Z2or 4 EAVE B3 &4
H 12 15355 vnd F$ Q3= 2.3%°]th

162_.0Hz

Fig. 13 Anayzed 1st natural frequency and the
vibration mode of the assembly
(@+®+®+® of Fig. 2)

Table 4 Naturad frequencies and corresponding modes
of the assembly(@+®+®+® of Fig. 2)

Nat. I
Freq, Vibration Modes(FEM)
1st : -
Anayss(FEM) Experiment(FFT)
162.0Hz[Fig. 13] 158.3Hz[Fig. 8]
Error : 2.3%
2nd
——— ————T |
I ——— IJ
3rd
Analysis 592.5Hz
4th ' i
Analysis 638.2Hz
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Fig. 14 An FEM modd of the fully assembled
mobile phone

Table 5 Natural  frequencies and  corresponding
modes of the fully assembled mobile phone
Nat Vibration Modes(FEM)
Freq.(Hz)
S
S S S
1st ; -
Anaysis(FEM) Experiment(FFT)
197.0lz 220.3Hz[Fig. 10]
Error 11.8%
=1 ——
Andysis 472.0Hz
_ [ ]
| B —|
3rd v - ==
Anaysis 592.5Hz
4th 1
Anaysis 638.2Hz
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Fig. 15 Setup for the drop test and a result
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Table 6 Contact time and maximum height of

impulse for each contact position

Faces Number Contect Max.
Time(ms) | Height(N)

1 3.125 345.47

2 1.875 575.78

3 2.500 431.85

4 1.875 575.78

5 2.188 493.53

6 1.563 692.08

Sides NUmber Contact Max.
Time(ms) | Height(N)

1 1.822 592.71

2 1.563 690.96

3 1.563 690.96

4 1.822 592.71

5 1.563 690.96

6 1.563 690.96

7 1.853 582.30

8 1.563 690.96

4]

" e, 9 1.563 690.96

10 1.563 690.96

11 1.563 690.96

12 1.563 690.96

Corners Number Contect Max.

u

Time(ms) | Height(N)

1 1.563 690.96

4 2 1.563 690.96

— i3

T 3 1563 690.96

4 1.563 690.96

5 1.853 582.30

3 6 1.853 582.30

e 7 1.563 690.96

8 1.563 690.96

w28t

Fig. 162 Zo] ¢ Aol Fio) Jd& Fs)st
W 71E Ed(Fg. 17)°l Blste] HEHAe] S}
A FAHE] =T 1A w9 13 AF), 2
2HEe] 7Y 14 AF) AEe BASHEARE THs
3H QAEF 22 wadst mad

— ~D

Fig. 16 A curved shape of the case

Fig. 17 The origina shape

Fig. 187} 7Fo] wA SIRE(HGFE A o)z)wt
T3S oy 7)ol gk A

e} Eol(Fig. 18914 HE-E)E WA 7IH 74
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ol
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Fig. 18 An improved shape
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Table 7 Variation of the vibrations with the case

322 4A 4@ 7B 1R B

shape 71E9 71He Aol 4] & =0
Magnitude ol %—aaa Fol s W B 4Fe] BE
Shapes of Vibration | Comparison| F2& 7102 A3kFg 20 D) z¥3HE A3}
(mm) A #dt. %Eﬁl AA9} Mg HSA7IH ) A
. THE A 23 g2 Table 8% Zth
Flat(Origina) 0.0545
80% of th Table 8 Variation of the vibrations with the bolting
o of the .
tions
Origina H 0.0545 Same Numher pos Vo
umber in . agnitude .
Positions LY Comparison
Curved 100% of the 0.0545 Same Fig.19 of Vibration(mm)
Origind H o) Original 0.0545
120% of the Two Additiona 3.9%
Original H 0.0545 Same @ Bolts (as (2) 0.0524 Down
Two Additiona 1.8%
(% H : Refer Fig. 17) ® | 'Bols (s @) | 005 Do
Two Additiona 12.1%
0.0479
=0 wold me /1% WEFT 1HAES) W Y| eolts (s @) Down
5 = W oA e 1 5 =g One Additiona 5.1%
s} 1 A4l Fig. 199} 2t} 7dige 2 ® Bolts (as (5) 0.0517 Down
g Aol 54—“4 Fo|& W3l Af 713 AT F
I 7% E’—T"r o= W37l A9 QeS¢ F Fig. 20 @e] 9o 14 BEZ 27 Z=7}abd 2
Atk dAHOR Thed Aolx FAHES WellMe  mze anrozm JAAZ 4 ASS L F Uk
A ol X 9} %%(Table 6) AFHEAIZY & AolE 78 1P BEE o w2 9 AE Sy p3AESo] W
g g glo] & WU Y A= AtsdEh o] 3 gz 2 #AAL Fg 217 2tk
FE HASHEAE FHoE Aolx AFZEAS |
A7 Fgdste WAE dAL A9 ARE P |
Nug # 9g oz AlrEn e = =
o0 . r RS ) =
E - 640
Eo.us !
':EMS_ ® . o [500 é
= & s LY L':,"
%om- -tsacru:l“_J
s
5 0.02 Bt
ig - 540
é: I"c(ccnlag:nol the Ilcig:? Curved sr::es (chnua‘r::i to the ()r‘i::\;ﬂ Shape
v=10.0545
@ \Vibration Magnitudes of the Board
y="592.5
A MNatural Frequencies of the Board

Fig.

frequencies with the curvature

19 The vibration magnitudes and the natural =

Actelitionnl
Bholting

Fig. 20 The bolting positions on the board
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Fig. 22 The vibration magnitudes and the natura
frequencies with the positions of bolting
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Table 9 Variation of the vibrations with the
length[L] and the width[B]
Magnitude
Parameters | Modifications |of Vibration| Comparison
(mm)
0.8L 0.0307 43.7% Down
L L 0.0545
121 0.0893 63.9% Up
0.88 0.0554 1.7% Up
B B 0.0545

1.2B 0.0534 2.0% Down
— . . . 300
ED.D9 - 'y . .
E - 800
£0.08 4 . I ] . I =
S =
ESn.n?- AN d. I o
= c
=0.06 - g
g L, 4 L 600 df:
Toos L =
z E
= =
500 = ~t - suug
éu.ua 41— 1 ' b
.*E r - T - - 400
= 80 ] 100 110 120
g Percentage of the Lenath Shapes Compared 1o the Original Shape

y=(1.375% 10 ~°) x* —0.00129x +0.0455
@ Vibration Maqnitudos of the Board
y=0.12625 x*—35.63x+ 2893

A Matural Frequencies of the Board

Fig. 23 The vibration magnitudes and the natura
frequencies with the length[L]
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Fig. 24 The vibration magnitudes and the natura
frequencies with the width[B]
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Table 10 Variation of the vibrations with the chip

positions
055 | pation | Vibaiongmm | COPISon
(ﬁ%‘;fe) 01088 | 106.1% Up
mci‘:h% 0.0570 8.0% Up
%f;fg 01141  |116.1% Up
(F;gﬁt) 0.0528
Top(Left) 0.0524 0.8% Down

Board
(Dotted Line) .

Fig. 25 The positions of the chips
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Fig. 26 The vibration magnitudes and the natura
frequencies with the horizonta chip position
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Fig. 27 The vibration magnitudes and the natura
frequencies with the vertical chip position
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Table 11 Variation of the vibrations with the
thickness of board

) Magnitude
Thickness s .
of Board of Vibration | Comparison
(mm)
50% of the Origina 2.0%
Thickness 0.05% Up
Origina Thickness 0.0545
200% of the Origina 16.9%
Thickness 0.0453 Down

'E T T T
5 { 4 | &40
0.056 -

] - ’ | | |

&

£ 44 —
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= 480 S
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5 400 %
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= ]
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o 0.044 L 320

% &

= |

= T T T T T T

= 50 100 150 200

-1 ) 2 - v

= Parcentage of the Thickness of Board Compared to the Original Board

yo={ —4,66667% 10 77 x*+(4.8% 10 ~)x+0.05437

@ Vibration Magnitudes of the Board,

y=647.30221 — 214181636 e 208

4 Matwal Frequencies of the Board

Fig. 28 The vibration magnitudes and the natura
frequencies with the thickness of board
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Table 12 Variation of the vibrations with the
thickness of ribs
. . Magnitude of .
Thickness of Rib Vibration(mm) Comparison
50% of the 16.9%
Origina Thickness 0.0637 Up
Crigina 0.0545
200% of the 3.3%
Origina Thickness 0.0527 Down
Eo.us.t [ -
EO.DSZ
g - 520 E
Zo.060 - &
P L s00 £
":_‘O.DEB - 'y r'y s E
-E L 530 :f
T0.056 =
EO.DS‘ o - 560 %
o =z
2 L]
EO.DEZ - T - 540
E 50 100 " 150 ) ZEU
g Percentage of the Thickness of Rib Compared to the Original Riby

. 4
y=0.05265+0.06595 ¢  “
® Vibration Magnitudes of the Board

‘_=r{;/ [~

A Matural F[PI][IPI'K‘IPS‘ of the Board

Fig. 29 The vibration magnitudes and the natura
frequencies with the thickness of rib
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