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Design Improvement of a Product with Variable Curvature Based on TRIZ
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In this work, a new design for mobiles proposes a flexible display that can be switched between flat and curved surfaces.
After a few unsuccessful attempts, a noble conversion scheme between the two configurations was obtained after
application of the TRIZ contradiction analysis. For physical embodiment of flat display, effects of design parameters are
investigated experimentally using the Taguchi method and response surface methodology. It is suggested that a finite
element model might be useful for future applications after proper experimental validation.
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Fig. 1 Device with variable curvature display

N — = U

Fig. 2 A design with locally bendable display
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Table 1 Contradiction analysis for variable curvature mechanism

Feature to Worsening Inventive
improve features principles
Device complexity(36) Shape(12) 29, 13,28, 15
Area of moving Length of moving
object(5) object(3) 14,15, 18, 4
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improve entive principles equency
Device complexity(36) 15 Dynamicity 2
Area of moving ]
14 Curvature increase 1

object(5)
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(b) With skin
Fig. 4 Structure of deformable main body

3.2 E I.lA-Io ;|. A—|7;" 7HA‘|

Tuble 2014 =28 2 Yelel A= F7HIS), FAlsh
(14) 2 ol 2A] 312 ke majstect,

AR F7Me A, Ak A8 240)7) ol 3
Bk “AjAle 2O = ubto] Bep» ofch. A9 F7e] Ue)
o Holsto] 71%e] 3RGE wol GEl Ao|s FxF Fig 4ok
2ol 4 nhlS 2h QA Aol Fe= WSk, T4

she] lejo] uje} 7] IEro R LHelo] FATH TS 5

Lol 2 e o]R R e o|§3tk FER WA Stch. Fig
Sy olelst Uele B AEA ZAT 7hA T TR 7

A= olck. 2o 2232 (Snap Spring W22 el (Frame)ol
Sejo] 7hslAl A= 2R Za|g)e] 2yymct olt 1)
sz meolo] 23 v gelo] bsiAn, ZuYe] ek
=] Hi}. Figs. SO} 5@ Tl o7} vl (Body)el
AZEo] 9l AehS Lhehdie). Fig. 69 o] oA $50
2 W2 slohel 29 2ol 9] o o] AEL 3
W RER AgE, o Mo R 98 Tl Ay Ay

o] ko] 7] AEjel BW HER WE Bt Pxolct,

Fig. 70141 UiEhdl s} gro] 7] Al mee) 2ol
shtol meglom 728 Bhslsii, 2uPel 287 vk
of H2L ol 87 B4 MAUSS s T2 AeFoRH



October 2017 /717

Frame Snap spring

2

R —
gy

(a) A snap spring maintaining bistable states
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(b) Main body and snap spring assembly

Fig. 5 Concept of a conversion structure
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Fig. 6 Manual operation the conversion structure

Fig. 7 Conversion structure with variable curvature” (Adapted from
Ref. 23 with permission)
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Fig. 9 Snap spring prototypes
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Fig. 11 Design parameters

Table 3 Design parameters in 2 levels

Design parameter Level 1 Level 2

A Thickness of window (mm) 1.4 1.6
B Length of mid-block (mm) 8.0 10.0
C Interval of blocks (mm) 8.0 10.0
D Radius of curvature (R) 600 800
E Thickness of spring (mm) 1.5 2.0

F  Length of middle portion of spring (mm) 25.0 30.0

G Thickness of middle portion of spring (mm) 3.2 35

Table 4 L8(27) orthogonal array for the parameters in Table 3
Run A B C D E F G Rz (mm)

0.662
0.702
0.786
0.641
0.669
0.692
0.545
0.506

1 1 1 1
1 1 2 2
2 2 1 2
2 2 2 1
1 2 1 1
1 2 2 2
2 1 1 2
2 1 2 1

—_ N = NN =N =
N =] =N —= NN~

1
1
1
1
2
2
2
2

0 N[ NN || W[ =

27 $15te] “Taguchi® AHAI YRS 53l Table 40 H 171} 2
o] L8(2) xS 2HJ5loct. ol Egato] T 2422
A= et 8572 AlRE ARl oH, FAES AlZF 274
& Btk Fsh. Fig. 1237} Zho] v 3, vl whale] Hehe
274 #4H] (KEYENCEA} VR3200)Z o831} Fig. 13]4] Uiehdl
uke} Zro] AR A g )] Hekteg SAsiolon, 7 4%k
2 Table 40 YeRfQlct. 447 7 Al Hete Z2utg2
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Fig. 12 Measurement setup for flatness
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Fig. 13 Measurement area and central profile
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Fig. 14 Analysis of means for the test results in Table 4
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Table 5 Test matrix and results for the 2nd order response surface

Table 6 Number and type of elements

Test No. X, (mm) X, (mm) Rz (mm) Part name Snap spring Frame Body
1 2.00 30.00 0.328 Number 6446 29776 67386
2 1.50 30.00 0.395 Type 10-Node tetrahedral elements
3 1.40 27.50 0.397
4 175 23.96 0.147 Table 7 Material properties
5 2.00 25.00 0.248 . Density, Young’s Poisson’s  Yield stress,

Material (kg/mm) modulus, ratio. v (MPa)
6 1.75 27.50 0.146 pKg E (GPa) o, (ot
7 1.50 25.00 0.297 PC+ABS  L.14E-6 2.0 0.39 54
8 1.75 27.50 0.149
9 2.10 27.50 0.249 S )
10 1.75 27.50 0.146 1Ap SPrInEs
11 1.75 31.04 0.438
12 1.75 27.50 0.145
13 1.75 27.50 0.146
Frame

0.6 (a) Snap springs and frame
£ o
N
&~

0.2

Fig. 15 Local minimum of Rz
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Fig. 16 Finite element model of a structure with variable curvature
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(a) Insert springs into the frame
(Frame fixed, Contacts between spring ends and frame)

(b) Displace left ends of the snap springs
(X: 5 mm, Z: -5 mm)

(c) Release the left ends of the snap springs

Fig. 17 Simulation step 1 (Snap spring-frame assembly)

Fig. 18 Simulation step 2 (3 point bending)
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