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A Study on the Contour Design in the Hinge Mechanism
for a Folder of a Mobile Phone

Jong-keun Park” and Soo Jun Lee’

ABSTRACT

A total stroke of an opening or closing motion of a hinge mechanism in a folder-type mobile phone is composed of
two portions. In the first portion, human fingers act a force to open or close the folder. In this portion, the rotating folder
compresses the coil spring installed in the mechanism. In the last portion, this compressed coil spring generates a torque
to rotate the folder. The main merit of this study is that we have designed a hinge mechanism to be operated by a
uniform torque in the first portion of the total stroke. The uniform torque means that it is constant along the folder’s
swing angle. This mechanism will give softer feeling to human fingers. A pair of contours in the mechanism plays an
important role. It transforms rotation into translation in the first portion; on the other hand, it transforms translation into
rotation in the last portion. In this study, we have developed an algorithm to obtain the pair of contour curves. We
divided the total contour curves into finite sub-intervals. Assuming that the curves in every sub-interval are parabolas,
we have obtained the coefficients of them by solving systems of nonlinear equations recursively.
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(A) = moving part of hinge mechanism

(B) = fixed part of hinge mechanism

E = neutral range not sliding down in folder’s
rotational stroke

F = spring force exerted on hinge mechanism

H = horizontal force applied by human fingers

H' = imaginary horizontal force so that the moving
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part slides down at a constant speed v’
P, = closed position of folder
P, = neutral position of folder
P, = opened position of folder
P5 = position of folder nearly perpendicular to main
body
r = rounding radius of peak area of (B)
R, = effective radius of contours in hinge
mechanism



R; = inner radius of contours in hinge mechanism

R, = outer radius of contours in hinge mechanism

T=torque exerted on part (4) by human fingers

T’ = torque exerted on part (4) by compressed coil
spring

T, = opening torque at position P,

T, = closing torques at position P,

T = closing torques at position P

(x, y) = coordinates of contour curve of (4)

{(x", ¥") = coordinates of rounding center of (B) in

single contour type

8, = slope angle of contour at radius R,

@; = slope angle of contour at radius R;

8, = slope angle of contour at radius R,

= coefficient of kinetic friction

¢, = first portion of opening stroke of folder

@, = total rotational stroke of folder
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Fig. 1 Hinge mechanism in a folder-type mobile phone
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Fig. 2 Three-point torque condition for hinge mechanism
design
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Fig. 3 Contact lines on contour
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Fig. 4 Geometrical relations of contour
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Fig. 5 Force equilibrium state in pushing-up motion
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Fig. 6 Force equilibrium state in sliding-down motion
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Fig. 7 Starting position in design procedure for single

contour type

AAIE AFse Z271 9AE Fig. 7 o JE
o ddEF G E 2ZYEF B B FE
gko] (4)9] &#3} AHFTh o] Hujr] Fieo F
E""' .}/C}L,. rO}C}A‘

@A 1

T 5E Y B9 BHol A2 HFT 9 =
d 2Zgo AFHEYVE Ay R Y &

T Aol o] Hu WIS vE ZAJTE AT
B HY stge:

Frax = kOpax €]
Td @ "ot 22 W WY 1, 3% 1, 28
I e iy R o wg R % R, E VY 4
Ashd 4 () olgstd H & ANE F 9ot
Fig. 2 9 ¢, F-&°l sFst= &2& AAs] 9
HAE T & AL8Sok Bl gy, FES HAMME

_\?_
T, & AbgsloF @} Fig 7 o Yekd "]5} SEE
A 2ZHYL F,,. 0 A8 gosz
=7} BAMGE:

90

90 - tan"l H_ﬂFmax
#H+Fmax

e

p.

A7A, BlnFeld AL Ago] G 4
F2A g & 4 3o
wkel 33.23-‘?-% B2 #du7l B

rg vE 2AY0E FF @9 &

X9} BE (B)] Buly) BB FES
z7) 9AE 742
% =0 (n
Yo=r (12)
x = rsin6y (13)

vy = r{1—cosfy) (14)

T 23E (B9 Ltﬂﬂ HE9 g9 F4lo]
0, 0% (xy", yo) Abolol EATGH 2 (Y] 7HEH
¢l = w3e) 5 Hol 257 2 F 0‘1 o]
F EZUsb 229 u 3 wegE Y F
N AEg de o]F Ak fﬂ%}ow FHT
o)z} ahe Fig 204 g Eo] gl

oA 2

Fig. 8 o] YEbE ule} Zo] AAY FF[AHE
H5gk paog e o] we dAGE Fo] 3¢
AL 4y'2 F3 Z47re] SEAENA Ogs At
Gig=s

yi=ity', i=12 (15)

' _k( max }’:), i=192’“' (16)
9i=tan—1[‘H_#}:i]) i=1323'” (17)
HH + F;

Vi = y,+rcos€ i=12,-- (18)



BED 04 BTHVFRAA A2 D Ao

o

Fixed part (B)
(5, 3) ‘ >
) et &
o *
(Xg:2p) A ) / 5,02) Ay .
A
(x.0)
(53, %,),
&, ‘r
Y Moving part (A)-—/
y
Fig. 8 Subsequent positions in design procedure for single
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Table 1 Basic condition for contour design
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Types of contours
Items
Single contour Twin contours
d, 4.6 mm 7.0 mm
d; 2.0 mm 2.0 mm
u 0.15 0.15
0 45° 45°
2 155° 155°
' 5000 ggmm 5000 ggpmm
I 3500 gymm 3500 gemm
k 700 gg/mm 700 gf/mm
Omax 4.3 mm 5.0 mm
r 0.3 mm undefined
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Fig. 11 Contour curves of moving part while varying 7
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