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Stretchability enables the device to be patched to a curved surface or to be folded several times to maximize usability.
Among many methods, the pre-strain method is advantageous in that the stretchability as much as the pre-strain applied to
the substrate is guaranteed even without material improvement. When the pre-strain is restored to its original state, the thin
film gets wrinkled or the substrate gets buckled. Wrinkles and buckling that appear in this way are affected by the physical
properties and dimensions of the substrate, and it is necessary to analyze their effect. In this study, a theoretical approach
was used and a nonlinear post-buckling analysis was performed using a finite element method. The analysis was divided
into two steps: the pre-strain step and the recovery step. According to the analysis results, it was possible to predict and
analyze the wrinkle and buckling behavior due to pre-strain according to the physical properties and dimensions of the
substrate. The pre-strain analysis method can be applied to multi-layer structures with three or more layers and can be
used as a method to analyze wrinkle suppression and wrinkle shape control in future studies.
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NOMENCLATURE

P, = Critical Load

o, = Critical Stress
g, = Critical Strain
A = Wave Length
= Amplitude
k = Winkler’s Modulus of an Elastic Half-Space

hy = Thickness of Thin Film
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Major Principal Strain

E=250 MPa

40

3.100e-01

2.200e-01

I E=2,500 MPa
4,000e-02

-5,000e-02

140001 E= 25,000 MPa
~2.300e-01

~3.200-01

0001 et e e e
e E=250,000 MPa

(a) Deformed shape along elastic modulus

25+
—~ Elastic Modulus of Film
€ 201 —— 25MPa
2 —— 250 MPa
S 2,500 MPa
2 45 —— 25,000 MPa
< 250,000 MPa
2 101
©
=
51
0 T T .
0.00 0.05 0.10 0.15 0.20

Applied Strain to Thin Film
(b) Wave length

4 T
Elastic Modulus of Film
—— 25MPa
—— 250 MPa
—~ 31 2,500 MPa
g —— 25,000 MPa
= 250,000 MPa
3
E 2
=
1S
< 14 / 1
I e S
0.00 0.05 0.10 0.15 0.20
Applied Strain to Thin Film
(c) Amplitude

Fig. 7 Thin film behavior along elastic modulus

Aol WIS A1 o]%o] AnEe 712atgich wAre] =27
AR EO] 7kl et W] |ste] etstAl 2
o} Z12]al Fig. 7(c)9] s B 2 WA o] 2E2 AL
W Eof Hlgste] S7kskaL k.
2 Ao} o] & Aol o] ©A 194 AZE 7|3t
AP Eol ofsl AR Mo | A7} ©hA] 29] HeEs A
oA &ZE Tlgho] F7bEl s ubuko] WMol ARECh 1
g7] wiitoll 2F WFE dol= 71w 27| AdH= Q}bﬂfﬂﬂl
B|ESHA] Frokal 27] dolrrh oftt 2| Hi= 2hg HEge] A
71A =t} o)A 9] H|$]E-E(Un-Returned Length Rate, URLR)S
URLR = (Ly-Lo)/Lox1002. 2 A 2Ja}aL o] ] AXFEIE Fig. 89

F_>i 3o rr oﬁL‘

»<

104

[ K33

I
H

Un-returned Length Rate(%)

10 100 1000 10000 100000
Elastic Modulus of Film(MPa)

Fig. 8 Un-returned length rate

Uepich 23E B vbakol g A 4=} 250,000 MPagl -9
£ 10%7}4] URLRe] 7 4= 932 ERlgtglon oA &
o]7] fJeliAE AZE 7R FAE FVHIA HAAHoR F
7t Mg | A& gish=s Aol Zasitt

3.3 71t AR EL 71 S0l WE 5 §Y

Fig. 9o]|4 3}l= Hiato] ebdA4~= 75,000 MPa, A~ZE 7|
Ris —rWHL 140 pmofe. THA| 1A £ZE Zighol| 1-20%TH5
AR ES 22 Vs ©A| 20014 oo mE st Hiuf
o 0] WA E = AR ES 207] PR HEglon
opA 2 et gaE oo AuE olEsiet o
Fig. 99 LFERYTE. Fig. 9ol4 ARd#lEBo] 7|l 1= vpu}

1 7R o) SR, Fig GO S sparel

Fo| Z7}sle] Yaa o] F HEFMFZo] Lo A7|7h Fo}
A}, el Figs. 9(b)2} 9(c)0] ATHE Hwl 4= ujuto] upg
T AZe] HHATE o] 24T FFHOR he] Hol7} 9]
o HHH AT Bk ool SRR A(18) 2ol W
FEe] 27)o) vheleata glch. QBe] S| AT T 2
Thob AR AR HolZeh ol 2Ajuke] A Hfoll 84
7], A& S 3474 Qo] Yeloz oAtE T}

Fig. 1004 ©/dA15= 75,000 MPagl Heo] tjste] 7]t
F7IE 20, 80, 140 pmO.2 HSIA|7|H 7| A AIHE 24
stodet. srol el npzA R AbdW @S] o8] She upato)
WH 0] 20% MRS Son = vt WyPE Sl
wel e 344 4TS Fig. 100 Lekych. Fig. 10@)S
9yl s|ge] FA7k gast Yels olF HFWP ol L)
o7k Z7igiek. ol sh= uhue] g o] 20%2 U 4
el 228 RS S Bastd WAt THE

_l\i

AaSHEE ShE wpute] Wy gashl Hek el

o W BHoR £TE A|e) FA7E 20 el Aol EJ
A 2004 0] LY YATE Aol ol el
WG Bo] kel B g APAEE] BB e T



SEEE ISR M40H M25

February 2023 /181

Major Principal Strain
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Fig. A1 Compression behavior along substrate thickness without
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