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In this study, we analyze effective factors on evolution of herringbone (HB) and triple-junction (TJ)

patterns occurring on a compressed film bonded to a soft substrate, which in turn is bonded to a

rigid support. Three-dimensional finite element analysis is performed assuming the occurrence of

the HB and TJ patterns, which are caused by superposition of the hexagonal dimple mode and

stripe modes in three symmetric directions. Pattern evolution relatively decreases the total elastic

energy of film/substrate system as the overstress increases, obtaining the quantitative difference

between the HB and TJ patterns by parameterizing film and substrate properties, i.e., the Young’s
modulus ratio (Ef/E=10~1000) and the thickness ratio (h/h; =1~100). It is found that the HB

pattern is dominant in most cases but the TJ pattern becomes comparable in a specific case of a

small Young’s modulus ratio and a small overstress. The decrease of Ay/h; makes the HB pattern

superior to the TJ pattern.

Key Words: Pattern evolution, Surface instability, Buckling, Wrinkling, Finite element analysis

1.#% 7

KEARLZED L, BEEIFZOFEFICENT, AT
B B PR 2R AFSERRE & L GEERAICHIZES N TE Y,
LI O KM E D Lo ORI E SN D L H1cW D, 4
R AT L OFEI TR O M BAE L FE O 2 &
DHIRFINTWD., Lh-> T, R FICHEERE V)
FAHEDE & b AR R ER L A L, ERIZ/EM
I ENEMEIS D & BB ) & LT, RE— U DFRE - EE
W42 2 L NEE L 72 5®UD,
RE—AOYMBERETIX, BEREISIZT 7V E R
N IERDFEFOICELD Z ENEBRMICEEINTE
p W) FESITERFUS I PICB N T Y v 7 L EIEEN D
EZEIEO LbMRNEL, 20V 7 3B 5 FICEREIC
HETLH{HZ NS, ZOEBREILIL > TT 4 v 7GR
Bk s p®O0 5 = pEEFUSHEIEREE L TEBIC
IR T BDIZ LTS o T, RE — 3B DRI H
T 5. EMEINICKE RIS TPREEIZBNT, ~J R 7
B UANE = (TUH LAY VR Y) MBS ILTEREY,
IR IRRE T Ak — o 3 E U5 51209,

2021 4F 10 A 6 B=f+, 2021411 A 10 H=#

Fig. 1 Schematic illustration of surface patterns: (a) herringbone
(HB) pattern and (b) triple-junction (TJ) pattern 7.
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Fig. 2 Initial dimensions of a compressed film bonded to a

soft substrate, which in turn is bonded to a rigid support.
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Fig. 3 Bifurcation modes of (a) hexagonal dimple mode

(@i ) at the first bifurcation and (b)—(d) stripe modes in three

symmetric directions (@™, ¢ and ¢%)), respectively, at

the second bifurcation on the first bifurcated path?.
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Fig. 4 TInitial imperfection consisting of (a) @1y +¢"”
evolving to herringbone pattern and (b) ¢\ + 4> + % — %)
evolving to triple-junction pattern'”.
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Fig. 5 Bifurcation modes consisting of superposition of
simple sinusoidal waves with amplitude in x; direction: (a)

dix, () 47, (c) 45, and (d) gL (cf. Fig. 3).
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Fig. 6 Initial imperfection consisting of (a) Q{“) +%(2) and
(©) dik +47 +4 ~ 4 (cf. Fig. 4).
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Fig. 7 Finite element meshes of representative volume

element.
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Fig. 8 Comparison of o /E;as a function of Ay/hy.
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Fig. 9 Comparison of U/Uj as a function of o, /0o, for (a)
EJ/E=10 and (b) E/E=~1000.
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Fig. 10 Deformed configurations at o, / o, =2.5 in the case
of herringbone pattern with (a) {EJ/E,, h/hg}={10, 95}, (b)
{EYE, hdhgy={10, 28.5}, (¢) {EVE;, hy/hgy={1000, 95}, and (d)
{EJEs, hdhgy={1000, 28.5}.
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Fig. 11 Deformed configurations at o, /o, =2.5 in the case
of triple-junction pattern with (a) {E¢/Es, hy/het={10, 95}, (b)
{EJ/E, hyihe}={10, 28.5}, (c) {E/E;, hy/he}={1000, 95}, and (d)
{EJ/E, hy/hs}={1000, 28.5}.
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Fig. 12 Energy difference, (Upy—Uyg)/U,;, between

herringbone and triple-junction patterns as a function of Ay/hg
and o,/0,; (a) EJE; =10, (b) EJ/E; =100, and (c) E¢/E;
=1000.
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