f $F]- >6!4

Yo Ue”? Uel— £

&EXUYDWXUH DIIHFWHG LQVWDELOLWLHY LQ PHPEUDQHY DQG VXUIDFHV $ UH
96 'BO :"/( :JGBO BOE 8"/( 5JOH

™2Y3 7JFX POMJOF IUUQT EPJ PSH

a:n "y $4 e
$UWLFOHV \RX PD\ EH LQWHUHVWHG LQ

Ef7!0 6®*6S86A06 B

4UVEZ PO CJGVSDBUJPO UP DIBPT PG TVSGBDF UFOTJPO HSBEJFOU ESJWFO «
'4 X

UEsc —-E§ *MA>E

%FGPSNBUJPO BOE GBJMVSF PG BNPSQIPVT TPMJEMJLF NBUFSJBMT

'4 X

Ve—O°MAmyKUo *M-"TaY+B

4UVEZ PO DZDMJD EFGPSNBUJPO BOE GBUJHVF PG UIFSNBM BOE NBHOFUJD T
a4 X

dE§!&day E=Z

*OEFOUBUJPO UFTUT JOWFTUJHBUJPO PG NFDIBOJDBM CFIBWJPS PG UXP EJN
14 X

0 7R¢0v #:®18°B

5|F SFTFBSDIFT PO UIF TUPDIBTUJD EZOBNJDT CBTFE PO UIF MBSHF EFWJBUJ
'a X

I

N ka” Xk

" CSJFG SFWJFX PG UIF IPNPUPQZ BOBMZTJT NFUIPE
la X

1

1 g TAKEi 2*I1E



1 51KA1 26 o)

>
>
m
>

2021H6 U

~@/¢4(E

Yo =772 1= £

4°0:7pON7py2io:aR O,6-0] , b#K 200433

Q 5 ;X7p4§ X?,... 0 Ui,7—"¢c?— z10),l X6B", (E>e" HG é¥Z:

50 AU 0,X-€0J HCw. 5a ") /E)[ I;X7p4§ X,X 0 + AGBEY % a A$eéCK-7C
GGj?U,X 0*i. [2NRE¥ ' H9GM6  /EM6;X7p4§ X?,... 0 0:-€0JE ), 6.&0 £)[
EiRXX7pes “7pi48 X U @/i%” ... R,X0 n OKANI. YL$h-SCUAZ&_ "D
Aulk «"©,X ¥) || Z 1) E j R:X7p4§ X><M6 6B 1Gj U hE@ —,X nGE)U?- ANX# °
ENCp, 4™ |E"Zi;X7p48 X 0 )UX#A 9)U?:, 3 e ?,...éy*i 0 r),7s6N><

M6 EdroZ)UAZT., A—E §%6B’,1 G,Xs6N 07p48§ X,XA'AuZié.

I'f fE:°6E, (3, >b+Y, 2A, S Z

OzkUA . . . AA g% AA'2,

0 16: 2020-12-26; )*ii16: 2021-04-19; G4“1( 1 6: 2021-05-01

E-mail: fanxu@fudan.edu.cn

é*ued: dp, <cp, ">K. AEME;X7p4§ X?,... 0 0:. 0:E ), 2021, 51(2): 342-363
Xu F, Yang Y F, Wang T. Curvature-affected instabilities in membranes and surfaces: A review. &
8#0%'5 +0 '%*#0+%5, 2021, 51(2): 342-363

<2021E0:E)E( Y



126 du <cp ">K /M6 X7ps§ X?,... 0 0: 343

*

98fO7YLZ® -(@) a(e): LZ° -(f) a (j):°6E3y °>b+Y ZA, %! : (a)- O& (Bao et al.
2009), (b) 6":°6E, (c)8£ " (Xu et al. 2020a), (d)/A D (Vandeparre et al. 2011), (e) VK_u 2,
(H [ -B3R1YO I (Poncharal et al. 1999), (g) PDMS U)/(Breid & Crosby 2013), (h) +2 47Y* (Li-
ang & Mahadevan 2011), (i) =A | (Yang et al. 2018), (j) Google !@)/

1 K<@6

XTp48 X U7%' + °), -7 S", 0 (?+ *1). + bJK YBUEO A 4EAP-"zAA
) "P= 4f1"1 (M 0>+ S" h*i b7pON7p y ~11% Y/, _ V OM6/A pL + "4L A;X7p5D A
ley4“ ApL UAa9£E6>™5B A pON8 " 0Y «7p4§ X1 (0 6[1 2006, ) KS N1 2007, 6u
#K } 2016, Al/c ol 2017). '5a, ;X7p+ bM6 ék TzEW "(GE4{ nzXY &), 5aM6 Y 1
zJIEWP - (GE4{ nz,X0Od«), "8, ;X7Tp4§ X ¢ ¥*6M6 & ~6A 0 *?,.... «L$;X7p"
X C1 ;X «48 XETE> G M6 80 n 0 (CK,...) 9LI "M6 Y,X » /_4y6N, ET >+Ax CD &&RL’
0. #,XEé X (Ba&ant 2000, Wang et al. 2016, [E 01 2019, Luo et al. 2020). ¢ ° O +M6,R, Lc
- UDA-6%m’ " 048 X,X HCK > h*ii (Li et al. 2012, Reis et al. 2018, Reis 2015), A E>9
Yy*UE-/i £ 0> 1),(Mn,Xs6N, _VEIE> A4é/B,XCK,...49)U 6 & p>™, 6 x (Pikul et al.
2017), € 9,48 X,X?,... 3n !(Yan et al. 2014), y*0 8 % i1 é,X"? ,...A’Au (Luo et al
2017), EC 'PE |,X 6B" { (Sipfert et al. 2019), 7% PE |,X U h é D' D (Jiang et al. 2019), 6
(S Ad4éEe,X 710 OCY><M6 (Bende et al. 2015), ?,... e O B, X | OAx {(Paulsen et al. 2016) !
77%EO hlé | 06N { (Terwagne et al. 2014)1 . AEU,X 0 jhi{, 8J &£ 0nSO
KE,X&I# E>#5, U ,1Gs6N 0 h*i,X GK, A ") 8%, G,Xs6N 0;X7p48 X,X N6N E6
aoUD, KYSKeXh*i!C.
GMG6;X7p4§ X,X?,... 0 6B U@ PMBY zREW ,i,><), ~ z h(?s *1(a) a *1(e)).
'5a, AY A)[ER;X7p4§ X,X -6 0 6B HEW & (?+ *1() a *1()), aGM6 X _R
X?,..eO,0a AO, i6TA)X0*i p. EC7pi.@ 1i2i43 X E)[ALéD5LK7%
47>™  \>_4e = )CA X (Mitchell et al. 2017) “?,... 6B (Irvine et al. 2010, Ma et al. 2019, Jans-
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sens et al. 2020). A)[ U C48 X (Li et al. 2011; Zhao et al. 2014; Xu & Potier-Ferry 2016; Xu et al.
2017, 2020b; Zhao et al. 2021) “7p 12143 (Cai et al. 2011, Yang et al. 2018, Xu & Zhao 2020, Zhao
et al. 2020, Ding et al. 2021) ,X? ,... 8 OEY %" 6 OE@ & CK GK 0*il. 7% ¥ £)[1DP7E;XC Y
E@I/A0.5 "CCC— /& 0 (Zhang et al. 2018, Pezzulla et al. 2018). ° &, /&) A E4¢ 0O*6
KS2i43 ?,...,X 6 &(Jia et al. 2018). U ¥61 X1G |(=064"s¥6 O,X OBu2i43 , AE)[ 4
X 30j ¥*6 0 (Budday et al. 2015). 48 U /E)[ ~ >>A’Au A 1r),"T i I4E48 X ,X 0
« (Rafsanjani et al. 2019). G+ 0*i R, AE4“A(SCY48 X5%4°A1S-684a¢e /AE@
- (Yan et al. 2020). ,)U?- E)[i?,...6B$e-"0804&a6,X0: )UibY y*i
0 r), N6N><M61 s6N G*UE&7C GG;j?U.

[N EM6;X7p4§ X?,... 0> , ¢ E)EiRX;X7pe+ 0 nQ 7p 148 X><M6
0 6B EY % @20KANI,X-€0JE")E™> 4DEA, Gj& E40 E)[I 0 8 O XEjZ0: )UAG _
a+"OE>KAEA Ud, OaiJ¥)C_“E™>)i.

2 0% § A,°°70 y n0i D]

2.1 ©M™;°70 ¥ nC-,¢ j+,

H !, Friedl1 (2000), Cerdal (2002) 7 Cerda & Mahadevan (2003),I14» A/ Z )EH
e BGM6:X7pil),pa&a?,... PEA-20J172J2% 6-80JFN «L$ b & h - (421%)CK,...>
, -€0J IBSET  043.@ $m, VG¥ 2 % m;X7p. Friedl1 (2000)4-1Z + «h o,X><
E a

J " 21D, KSzs+4&Xho, baho, KS z, ‘z, H 7p
n, % 06GE, "ZRI, Uy KSz+& p&aXx "ID. Lca, Cerdal (2002) 1%
Cerda & Mahadevan (2003) ETE>6NGE U aés)U | P i?,..."IKS X0z _ G2i

J « ha. E O!9 , Jacques & Potier-Ferry (2005) 1b0 n 0)UAZ, ?2-d9<k Z +

ho “pa&a 0"IKS ,X><E' &

J KSze+& AKSz, (MUKSz, K p& 0"ID. Lca, Kiml (2016) " Puntel 1
(2011) ETE>6NGE ~ U, 4-1Z + « h -, X><E’ &
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2.2 ©OM™C» 0 ];°70 y nC-,¢ D A0i B

Lc- EC(=Biio :,X ¥ )(f?S 91 2017, Reis et al. 2018), M24* 0 YL$-6)UAZk S"h
*i. aE, ZAOVYY*UEC$SmM(O-6" 00U-1(Madr), 6B Ax {1 s6N a*uEe. Zheng
(2009) Oj 6 ¥), ZE>z+ ,XCY 0;X7p ,Xa0 n(GHe@&)> , GLc- » XO4Art, X
7p? ,... rtAafa, Oaw\ ( a03), V*2 /.E- ECX7p0-64al),X80Y
— U h (isola-center bifurcation) > , $d7%+ 6N a A6N KE,XM24“(002], LO?U ¢?-d A D

rPPbiJo: JUE>#A9v0J. A E, + b;X7pe+ {*6EW 0,XM6Y -6, 4£L,X4ah

-SC6_ /& aaEO*i, LO?U ¥) ,,X S C)UAZ "Aulk «"© 9NX yCY (;X7p e+ CK,... 4 a0
n),B5.

Healey 1 (2013) ETE> U F |ppl-von Kirmin (FvK);X S ")/ € 9M6 YM24“ (0 -6 f z
NM, a12ZT b Saint-Venant Kirchhoff (SVK) X,XYL$h-;XS& . J kie &1h-
0GE></

J Y Uy></MBY!/I'M6 @6z, ></ “4EM6 f z, ></ 6GE/A. 'N+9 a4 (5) ,X
M6 YM24* GNM , IEO @ 4£L,XFVK S6 _. @/j 6 _FNG>*ii Z4“ 0 /E)[. EIE>6NGE -
U, OaAkG>5,U-/R

J S M6,X1 " Piola-Kirchhoff (PK) h 0 6GE. "4 & M6 Y G>5+/R , 4a b4fL
FVK S8 1 "PK ho X7z LE,!18 SVK S6_ 1 OPKhoX7z LE. y*i Qi
(/INSD 1k'©"?-, Ak 6zih-%$eé&Uh *2(b). 48 p>< ASVK 8 6NNX# CK,... i#\,...,X
80Y —Uh> , 5a4f£ LFVK S8 _""ONXy?,..#\ ),B5. 18, ") /B ,XM6 YM24“{
NM i? ... X#\ CK- tna0*i. ET0!9 , Li " Healey (2016) v0J Z $ mM24“ 0> , G neo-
Hookean (NH) " Mooney-Riviin (MR)CY 0 X180Y —Uh$eéXE;j. 4§8p><aA£EA
$mM24“ 0> ,XNH MR 6 _UNX#?,..#\ ,Xa0 n& b!"4* 0 X,XSVK 6 E
2’.B.'5a, SVK 6 _ijCt1) ?2,..XI),# > , ><a4axXCy a$m Xd_1J
atie-080Y —Uh> {*6Bu,X Ej, AE 4A),B5 ?2U qC* b "~ )M24“ Q.

Ful (2019) ¢ YAECY 0 h-6NNDT¥|DZ1/j 4EX7pCY O X6 _, nlZEO
*Ub1/jA_4y aA _49CY 0 Xzh-.@é$mXYL$h-S6_, G*iiTbE24A |
JUAZ X D #3E¥"© & A @)UONKE , U/e 7,XB G!&e +"©,150 U,X D Aulk S, 3.BNX# Z;X
7p+ CK,... i#\,...,.X$&¢ é < C. Wang1 (2019) 1 b Koiter0 n 0)UAZ, Oj6 ?-d NX# Z 8
0Y —Uh&e, vOJZ"2R!I"[;X7pe+ CK,... aa0 n,XEj, ¥),EW&X"2R!"T1D7TEEWS$? &
X?,..D,AE"X 0 "EW®%X?,.#\ > . (My , "2RI""bOpKU E, :X7p
U)EHe E&TD,?,... °&, “X7pKS‘'1"0 b4 E, ;X7p —CK,... UU>- g0ACK,....



346 o]

>
>
>
>
p=2
>
m
>
>
>
T
[N
A

*

YLZB+ e S:°6E 6 dBE+Y i"+Y$@ B. (@) D 6 dEO,, A6 dA 2Wf
: (b):°6E 8 d]/_2A *(Li & Healey 2016), ¢ Y%& >3& %Aa3é& ;13é 6 E3é
2 W=".fNH, MR, SVK, FVK M -

L85x<% @ & a0 $ m;X7p &, Sipos " Feh pr(2016), Zhu1 (2018), Liul (2019), Yang 1 (2020)
voJZZaoa$mi;X7p 0> XEj. Liul (2019) ¥), =$m & « «84X
20A0?,...«8E> n&Ax { Taylorl (2019) vOJZ & A 4x4Er ;X S ii1/jo:tEQ
R,X?,...6B". Yangl (2020)EiE>u 0 h-S)UAZ é9@a400CY 0 X, IoYz@ao
OCY O0YL$h-S6 _, ¥), 4x4EA1BU,X>UB8GEI"P-b + E, ?,.# , G X7pi
« BE>/IB + O><M6 G).

23 (M7°700i DD ()%#¥%,cp |

X7p4§ XET KY EM6 )X _, 7%'5a" é10 o/¥ :KANl: AE)[ UE ?,... 0 ¥
¥)? :X7pCK,... 4qC*bAY £E)[? E)6N—E z& e ;X7pCK,..> 2

Wang 1 (2020) ¥), E)[AtY e2'.B Ax {CK,... a#\,...> (?+ *3). "X7p AEE
(KYARY AE)), aabGM6;X7p e+ 1), FWUCK,...),B5, AEM6;X7pil), F¥CK,...aH"' £
X50U0-6> . &,0 + AE), "AE)0bKU E, ;:X7pe+ E Ydoe + O><M6 $¥, ail),

?2,..., GE)Ae ?,.. ¥6. nGEU?-IJYiuo: )U E;j 26, Wangl (2020) b S
AE4°$021,Xx,07), ToYZAr£EAAMB,X YL$ h =X C 6 _, A S.BNX# ;X7pCK,...i
#,..> . IbAM6 "), G*i 0KS S "EHKS Z4~ 4 £4*“$ 021, iAM6BA*-Deé

, J2zGE 6GE " A)[ 6GE U y></

AMB R,X kie &1h-0GEA1></

J 4“0 h - 6GE, M6 Y !/, W M6&6z a7 +! , a  GjaUUsu
Ct" 4z n. 5x<% , J , T, ULR @lf ™ %o:
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*

(@) (b) Y e+°=A| 6" &U V =>b+Y, /«BE+°=A| & "="LZ u#y. (c) (d) LZ:°6E 6 d EO,
=fi48 6 u 1="LZ ZA,"WFQ. (e) a (g),$86dA 7ES (3 % b>b+Y, @S° *x (3"°
6E -u#y. (h) (G0 7+°/_ /£ SD&*x 54 ,$* )2@&M°"w+°/_ E S*XLZ( [ Z:I

F BE>b+°Da*x) : EO , (*%4&) ,7 (Wang et al. 2020)

(1) aA): ) . 8 /&) RAM6:X7p h - 6GE

‘1 "NMM6 YM24“ GNM N+9 E, & EO & 4£ L Donnell-Mushtari-Vlassov (DMV) C 6 _ (Ya-
maki 1984).
(2) YL$ E)[: ) . YL$ )[R AM6;X7p h = 6GE

4“0 é,X /£ h-0GE A></

J Uy —5x 'IX_RI-TGEX#E U/A. A-A"1 0 R ¥*6EO ''XM6 éE@ |
("O-1GEE@ |EW &), i /& h - 0G£,XM24“ ONM At N+9, eéE¥ Y , aE-6(SOR
ZGEOGEE¥ 1. ,1h , ,0@/i ™ %:

(1) aA): ) . /&) RAM6 [E 6GE></

G 4£L,XDMV C &)[ A’ (Yamaki 1984).
(2) YL$ &E)[: ) . YL$ E)[RAM6 /£ 0GE

Tbheie 81/, OaAKYLS £E) AM6E;X7p,X G>5, U /R4~
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(@ A iLO2A 38, « (3 " &WU [ (>b). (b)[ 6)iA $@B
38, 4+772f =".f <[ :IFBE>b+°5R 4=xf, ...72f =".f y*K <[ Z( >b).
()30 e DMV M - " M° N>b+Y" J(UA-. (d))2@z=@I0A$@ B : EO, %! (Wang et al. 2020)

J X7po a-% Uy></

J Uy :X7p6N &z £E6N S z.

ETE> D #4E¥"© ‘B G!&+*"© A nGE" ?- «/ R (15) JINX# ENCpM24“ 0 0 6B'$& & < C (?»
*4). IbGM6;X7Tp(AE) ), s h=4z25% E?,..1),, Lc- ¢« h=rt, ?2,..
rta£a Oa#\, HpCAXG 80Y —Uh$eé. ibAEME;X7p, G E>IR 1), H

" /Ea FWUCK?50U0,X 0> , &?,... Lc- E)Xr05a£4&a. 'AE)P-b + E,
X7pail,?,.... %¥OH' A£-6. E-At¢ AE6N ;X7p6N,XM24* 002]9)U? - (?+ *4(b)).
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GM6:X7p i B>/ , ?2,..0),1J £6N+0O LE; ?,...1),4, Lc-4»4A+ | E6N r
ta£a; '?,.#\ a AZ6Nad- LE. ib/EM6;X7p, lie« E5SIR, AZ6NOEDb

D, Ydcert, e'AYAE) 0b +KU E, /E6NA&¥60U-. "4 4£ LDMV C8_ "©
NX y?,...#\ X a0 n&e, 5aWangl (2020) e I,X YL$ h-C & A §.BNX# AM6;X7p »
CK,... i#\,...> .)U? - E)[IEC;X7p0 nG 6B'$&¢-ibY y*i?,..0 6B A’Au7C¢ GG;?U,
3 ;X7p48§ XGH é#\?) noZ,XnACA.

3 0% & A70 05 °>zM~ g0i>, p

3.1 ©M~70 05 °

~X7pdiaTib, 16 a7p 148 X. EC(=Bi><M6 0),B5, G7p 148 X><M6CK,...> 7%
"+ BF!,{, _V,6Xx,..4¢(Efimenko et al. 2005) A (i6a"s 2 (Tallinen et al. 2016) AN¢ F"
p(Li et al. 2011) "8... E6B " (Xu et al. 2020a)1; ), -11 , 7p 148§ X 0> ><M67%#U"0 A
L "5 3 (Pocivavsek et al. 2018) A 6B p>™ (Pikul et al. 2017) " ,432G e O & 6 (Bowden et al.
1998) 1 NZ 3 K Y S" h*ii. ' 5a, V) nGENX# JE24AENCpa A£M24“0 0 80 ,X1GjU
hE@ -i ONMA&i.

+ b;X7p?,.."IKS EI E°0b7pn, ;X7pM6 Y h - 08 A*UFVK;X S ") «/B £EA
(Chen & Hutchinson 2004, Huang et al. 2005)

JEH _4y R, 7p12i43ET 70 + KU @ /& {*6!7 G467, ... (Allen 1969; Biot 1963; Xu et al.
2014, 2015; Xu and Potier-Ferry 2016), '8 E;X7p o A></ (Genzer & Groenewold 2006, Chung
et al. 2011)

J <la6GE, "zR!, X7pn z, ‘z, BUf s Uy></;X7p Ti. hoU
4 e$uCt 5 E , Ak + 0"JKS

J . &(19)><a?,...,.X +"{KS+ 6GE!" 7pnitn. ,lhX?,.. 1
+ h- Uy

AiR , + hn~ ™ atphdGE!". ¢6NGE?! z,R, ECTiPb;X7pCK,... U;X7p Z&£6NA-
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6N " Ti,X = 66N KE I" G>5,XE>/R (Khang et al. 2006, Huang et al. 2005, Song et al. 2009,
Fu et al. 2018). 'E’ + _4y h = E, X7p T¥*6 /E ¢5aL! "2143,X “6N. 5x<% AE4£CK,...

XiX7p « Ngé‘t,Xh = ), Jiang1l (2007) ¥)Z O/j YL$ -6 S R,Xd _*i bNX
#72,.."1KS"

J Ti,XNX h =, . 8(1) co0ZiNgé‘th-R?,..
"TKS ©  XNX# .

ib7p 148 X « EH 4y, X ™ %, + h= “ho A&)EH _4y,X)UAZ?-™ (2iD b,X
A O, Uy></ (Audoly & Boudaoud 2008, Chen & Hutchinson 2004)

Zhao1l (2015) v0J Z «L$ @ 4 a 0*6KS(7]6”) 5ER, pa 1i"aTib;X7pCK,....X
Ei, kK +*0KSh-

J «6;X7p, X"z . a(23)><alL8 8!"é, +67pl48 XCK,...,.X +*6KSh-3qC*b
+ "KS “:X7p ‘ z.
i b 6GE!" 8x EY,X7p148 X, i + 0 aE OI9tEQ, 11),4<0606

O(<60,X4ai?,.),X 8Uh 0, EE OI9tEQT1DP7E "a<66 O (Brau et al. 2011,
Cao & Hutchinson 2012). '2143 , 148 X5 LK ANX « é#t'TiE, E-A6N1),J260, V
Y 4 < 6 (Budday et al. 2015a, 2015b) A 16 b (Auguste et al. 2018, Cao & Hutchinson 2012) A 14{
?,...(Cheng & Xu 2021) "7% y?° I+ © (Pocivavsek et al. 2008, Sultan & Boudaoud 2008, Sun et al.
2012)1 & 6B (?+ *5).

E¥ H 9Lc- 7p 148 X><M67%4™>™ T XN2E6 ¥ ), @/i;X7p$mUA "~ (=(Chen et al.
2017) AG¥ 2 (Bowden et al. 1998) A6. U(= (Rodr tguez-Hernindez 2015) ~, .+ $ m (Hu et al.
2019) >e*ii b EO ,/412G4§ X. PE |;X7p7%4™>™ X L 0A+ é:j h(_V><M66. U ‘10 &)
(Rodr tguez-Hern indez 2015) é(=)U %" (_ V&A h -~ ANX h -GZ ° 7E - 6) (Ohzono &
Monobe 2012, Fu et al. 2018, Zhao et al. 2019, Zhao et al. 2021). , EC1i P;X7p,XCK,... 6B™ A
80 MU z«iT—-D(_V;X7p TidGEI"A Glh="hoUx1)E j(p>1
2018). % 6,X10016.&G4 b GM6AY X _R,X7p 148 X, E¥ HO9CA9C 1, X :5U Q0 Y G"v4s £
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6E &3y °]/_M-$@ B.f;*: (a) & AM° -4U: Y >b+Y:59”K:A+, (b), N-4U: Y
>hb+Y:97K: 9"K:A+, (c) &AM° 3 d(P MFQ!): Y :>b+Y:$66, (d) & AM°
8 d(zMFQ!): Y >b+Y:F30>b+Y (Cheng & Xu 2021)

) I><M6? ,... 6B, X E j.
3.2 'M~70 05 °
8VA|AZ (i @/{EQ9K B (_ VEH & 4y A&A7|6”/ 4y " 'IArKS) ,X AM6 C48§ X><M6CK

,...> . AM6 "JUM6FN K YLEP- f £)[[XA) £M6, ")P2a020£EM6X _. ib X 2,
nz X AM6 C48 X, 4£ LDMV S R (Yamaki 1984) ,X h = 6GE " £)[ 6

D

GE

a GM67p 12143,1!", DMV# C8d _ )fah-1Z £)[,XBd), G . ', "AM6EO &

GM6 E ( ), Y , ") e/BaGM62i43O7E. "0 —1z atpli,X 6°
/£ "YKS (Allen 1969, Biot 1963)
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'AM6 C48 X« EH& 4y E, + b E)a —XE ao*u, ;X CA6N A& &EH I/A,X
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90
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2010)

J . ¢ A(28) A?e., ‘GE4T /)] ICK,...> Y-Gj?UEj. Lc-
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y*U N6N $ m i1(=)U %" ... {*6,X -6 h A*lib 6B e O,X&I# A’Au aAx {. Zhao 1
(2021) U#tJUS$2a{*6,XBAaO07%¥h-é94E£ LDMV ;X C)UAZ , ¥),'U&TuU
AM6YfxE, 06B « CizI""/E)Ej AN,EHI/AA-5Sel-c60; 'U4
MuUAM6eUXE, X7p X@aO007%¥h-TD7TEp54¢AG>)JO&Je-Cd O(? *7).
ETE> -#1 JP-6.(=5%4° (LCN);X7p #tJAY U &T<4&, Ar),><M67?,... e O,X&I# A’Au.
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(2018) ¥), AM6TIiPEC CUEH & 4y R, + b E)[XEj, 0] EA&7067?,...(?* *8(f),

rP* a)UAZAulk><4a + 0 h-a4" —UACEH&«_O7E (van der Heijden, 2009)
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60?,..°6Uh04a)0ieps 0. « £)E |, 16bXP-z,0UL$, JATEGM6 ™6

R (?s *8(b) (c)) "I XP-zYyE¥bHPp;X(KSzXO . it EE6zUL$4, i6b+ bi/AQ
.5 @ 4 OE5a¥*0#E@. ¢ *8 A?+, AY A)[tnz2i43,X 0 8O 726B $& éE>/R, G
$ ¥ (smooth) :? , ... (wrinkle) :16 b (ridge) : R V (sagging) , X1GiUh 0> , O/j# 2
/i 6 OE24AE@ -,X M24“ GKANI.

33  *9M"7005 °

YXM67p T © 0/ 2+ X EM6 4U48 X, KY!7P-f E). AETpr ;9°AR0KY C
48 X,X)x ' 820)x ', J*6KSE>/B )11 ,X?,...e O6B’, _ V*d* A7 "8...2]2f '"M&B
1 (Yin et al. 2009, Yang et al. 2016, Li et al. 2011). Yin1 (2009) Tb 0;X C)UAZ " YL$ ,
3UdZ@/i)x6 CA8X,X><M640 n0~> 0 8 0. 2A¥),)xM6 C48X,X 0 80
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"b ¢P 51'e4}4 (LCN) LZd 3y°="LZ]/_ZA,$* "P¢2|3=- =jof « u>b+Y ]
| _ZA,E5 (Zhao et al. 2021)

2U2tbY 1/nzI"AC8F/U X!I"> C 08GE!.
5x<% X 2,X)x61i, ?2Z20pnz X.@C, # £))x Ch-A></ (Xu et al.
2020b, Xu & Zhao 2020)

CAMB ™ %,I117, At1¥) u°0.aTZE)EG G . Lil (2011)ETE> +0 na U
d YL$ &3, -0J Zneo-Hookean)xM6 GC48 X~ — 4y éCK,XCK,... a £60. '

4yE’ + E,)xCOj 0),ETNx 0 6B, ' aEa!9se é EE+6 0. BB "9a4yrP’

E O!9P A« ZE- O 6B’,X$& 6E>/ R (?+ *9(a)). 1 bKoiter 0 C)UAZ, Stoop1 (2015) ¥) Z
O/i S Swift-Hohenberg & _, *ii b £EEA7p 148 X? ,... 6B~ ~ 6 OEY %. L ypez-Jim pnez 1
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(g) $66; (h) 2® Z$66. (i) a () 2W % A °(e) a (h)+°'¥ -.f; *(Yang et al. 2018)
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YLZd 3y °="LZ]/_[,.09n+°C fOC’=xf: (a) (b) 9'« EE ]I"+Y4U ZA , (Li et al.
2011, Xu & Potier-Ferry 2017); (c) Ag d/SiO, U)/3y °="LZ]/_ZA, (Cao et al. 2008); (d) 9
8° &! 7)/ILZd 3y °+°]/_M -(Stoop et al. 2015)
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Curvature-affected instabilities in membranes
and surfaces: A review

XU Fan* YANG Yifan WANG Ting

Institute of Mechanics and Computational Engineering, Department of Aeronautics and Astronautics,
Fudan University, Shanghai 200433, China

Abstract Instability of soft materials and membrane structures usually shows similar wrinkling pat-
terns across length scales, which has aroused considerable interest in the past twenty years. Curvature
and mechanics are intimately connected in thin-film structures, and curvature plays a key role in the crit-
ical threshold, mode selection, and post-buckling evolution. Here, we review the advancement of instabil-
ity mechanics of thin-film structures in the past two decades, from planar to curved geometry, focusing
on the curvature-affected instability of stretched membranes and film-substrate systems under various
stimuli. Development of the theoretical models and numerical methods of finite strain plate/shell ad-
vances fundamental understanding, quantitative prediction, and tracking of multiple bifurcation trans-
itions in morphology and shape of thin-film structures. It not only promotes the in-depth insight into in-
stability mechanism but also guides wrinkle-resistant control and the effective design of morphology-re-
lated multifunctional surfaces and membrane structures via harnessing instability.

Keywords thin films, curvature, wrinkling, bifurcation, large deformation
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