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Abstract

The relation of strain-stress is an important aspect of understanding mechanical property of ma-
terials. According to it, we can further obtain the strain energy function of materials, and a series
of other mechanical properties. The Stoney model is based on the relation of strain-stress of sub-
strate, and the strain energy function is first obtained, and then the relation between stress in film
and curvature is achieved. At the present case, we generalize the Stoney model, considering the
strain and stress of z direction, and as well as shear strain related to z direction, and we obtain the
strain energy function at any point with cylindrical coordinate. In addition, we obtain the integral
expression of strain energy of system by considering of the in-plane uniform mismatch strain of
the film.

Keywords

Strain and Stress, Mechanics, Stoney Model, Shear Strain, Strain Energy

B R T HES RYStoneyiE R R I T aE R B

F #4Y, $4HA% E

YAAE TR R, R
et R ElE, Seakii b SR A, AN TGS FIA W FE [ 5 B s i s, Jbat
Email: “jiali@hebut.edu.cn

CHEIEH .

SCEGIH: B, RRA, XK. FEALAR FHES ¥ Stoney BERY [ MR RE R FE)]. 1%, 2015, 4(4): 71-75.
http://dx.doi.org/10.12677/ijm.2015.44009



http://www.hanspub.org/journal/ijm
http://dx.doi.org/10.12677/ijm.2015.44009
http://dx.doi.org/10.12677/ijm.2015.44009
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

<

o
4

Weks H . 20154E10H30H;; A HM: 2015411 A17H; KA H: 20154:11H20H

wm B

RN 5 MR R R R BB AR EE T, BT UE— PRI AR R S, i
AUBRHE—RI I ERFE. StoneyRA R NHIRE RN MR R MK, HEMEIMNAREL,
MTTHAEAM SRR R. XB, RIS StoneytBRL, %8277 1K FIRFZE, ARz FH
FREIBIVINIZR, AR TRER— KKIMRRRE, FEEBENEEKHSIRENE, fEER
KRN ZR RERIAR 7RIk R .

KA
BL7INAR, 71%, Stoney#RAd, BILINAR, MAZRE

1. 518

KA HFERDEHN 722 RV DL BRI - J5 57 5 A A8 PR B DR AR AT TR 1 AR 2 A A LABE 7T, Herf
B L )t 4 K 5% 2% 3 32 32 (10 4 Stoney #5574 [1]. 1909 4F Stoney W %% 51| 4 Ja i i AR 2 JE 1 3 L
PR G, O T AR HNE AR 3R] A3 N R I i gl R 2 TR R AR, BT IR AR
B - AR R IR U, RS T RIIN ) SRR IR B IR AR, BT LT LA AR
1) AMIEBERIR N TR IR . 2) AR A RN AR RSN 3) FERATRIAN IR R 1 5] 2% 17 [F] 1
(1, R SRR 2 MERFE . 4) WYEEETT R TA NS 7y A% . Stoney BEARLE B T - JERAK R I N
VRSB R A 2 —, HRIh AT TRy R TR IR, AT BAS S B R R E R (1 it R
BOR[2IAHEE & B Al AME R R RN T HE, BERER & T3, ASBEAAR TN J7Hs I & 7 1)
s AR A T ELACE B IR B AR, s R AR DL RUBESE I DA 3 K I 70 R A
REENZ, CIFBAHIE 2 Jrm, RUBE T RN ) (R A AN /1), A e i 2 i h 5 s
F4 i S5 RE FAY THT P9 8273 [3] 0 AT RAEAE: 1R A R ) AR T R P AN B 20 ) SR E B AR AN FA N A e 7 AR BT DTN 7T
HET 2 H B S 2R

FESRPERSZ A TR R T A A TR AR L R o B AR A e, AT — A2 i, it /e
PR AR IR AL AR A 228 — @ O nT DAS BIR R B MR RE B AR, b I B AR e R mT A T HEAS L8 72
H[4]. Stoney MY AGE L FRENT T 1 S A5 21 532 RE ok BT I8 L R BB RO 773 BN g . BAEATFE R
z J7 N F AR DL R B DI AR (AR O T e A9 2R R IO BT BIAR SR 2, SR A HEH A R KN AZ RERR 2, & A5
FIBEN N SEIRI R Z HRIKFR . Lhs bz TR TSR RAGEE B e, FHS 20
A R B VIS AR AR F . Bltk, FRAIHE Stoney AL R, MIRIORLIII R R R IR, EEzT5
[ AR AN g BA e 55 HAH SRR BT I N3, ESTAE AR AR, 4G AR R 1 3 E PR KL

2. MEEHEERH
2.1. Stoney ¥R #9 S35 BE SR #

WRYEEA TR, 0 T 5 =0 IR R A =X BN A 5 A RAR, AR5 I 8 iR B 2% ) (R4 AB
BEAT DUS A ELAT AR R IINL T - A2 R (WD HE T RE) M [4]

O,



B
B
4

Txy

gxzé[ax_v(aymz)], —

T

1 z
g, :E[O'y -v(o, +o, )], Yy :Ey @
&, :%[oz —v(oy +Ux)] Vx :%

Hbe,, g, Me, TR % y Bz AT, o, o, Al o, A X, y Mz ZATTHBIN T, vA
WAL, E N BRI, G NEIIBIR. 5.y, My, AEADEVIRE, ¢, o, fl, A5
BN AR N = AN B A7 B, AR R x, y Az = AN 5 A B IE B 75 5% A IE N AR B AR AR,
TGN Iy 5 AS 2 A FE. Bt G, v A E ZIHI% RN
E
® 2w @

K AR AL AR A0 B A AR PR [ N IE RS AR bR, FITDAAEABRR R T HIN /7 - WAL R 5 DL EEH AR IE L

KL, RFER RSN AR () ISR A B BE e R R), Rk N

&y :%[Gr _V(O-9+O_z):|' Vo :%

1
SHZE[O-H_V(O-r+O-z)]’ 79z:Tg 3)
g, :é[az —v(o,+0,)] Va =%

Hehe , g, Me, 500, Mz =ATTRMINA, o, o, Mo, N1, OFz =DTTEMIN e v Ve,
My, NEATTREYINA, 1,, 1, M, RGPS R =AN TR YIN 1. v ARRALL, E AW
B, G ABIUIE.

HH @)U AT LAR 8 1 R, 3B R 1 R 5 R AR IR 3 6 R (B )

o, =2Ge, + 10
o, =2Ge, + 10 (4)
o, =2Gg, + 10
. E s L
H@=¢ +e,+e, FRNEBRAE, 1= Y RRNRIMEERL.

(1+v)(1-2v)
Stoney BB 15 z J7 RIS SN2, HAAFIEBTUINAR, IXAE ()= AR Ay

& :é[ar —VO'H] (5)
& =é[0'0 -vo, | (6)
¥ (5) AN (6) A I
v
o' = = 0] @)

H 0 =¢, +e,(EBRA), ®=0, +0, (BB I]).
RYEINS 22— PR RE R I IS T4 1 BT I DRI AR N AR ISR o F I S AT DA
S B A ARRR TR R AR RE R AU — R IR

O,



<H
R

4

W =212 +26(e3 e} +62)+6 (%, 73 +73)] ®

Horp AR S T prg, HoarBVRIEW >0, B S AL AR 8 AR e tE D9 IEAH -
ZE AR SAEABAR Z R LR 2R, AE z TT RN % EATEAESTIN B 00T, MR e bR AL
HEARR R RN N

[/16’2 +2G (5 +&) )] (& +¢, )2 +2G (5rz +& )}

1[ Ev

2 (1+v)(1—v)

=1HL+ZG]($+5§)+LQ%} )
2|\ A+v)(1-v) (1+v)(1-v)

1y B o 2y, 2BV G

= 2{(1+v)(1—v)(8r +80)+(1+v)(1—v)8r80} . V[g +el+2ve 50]
PLEHES 2T (2)2X, BLED Stoney BEAY (1348 e i # A

2.2. Stoney 85 T I 58 oK BIAIHET

TSR Stoney FEAY[HE T B, (HARRHAINLAHE ™, B8 2 TR IIBMARME 7y, HA5 2 5k
MBIDINAEAHE HANE, Mo, 20, & 20, p, =y, =0, WERKINT - BEXRN

r\)lH

=—[0' v(o,+0,) ]
gH:EI:UH_V(Gr+O-Z ]’ 7rz:}/ez:% (10)
1
g, ZE[O—Z ~v(o,+0,)],
it N A IAE S, TS B0 R #E S &
o, =2Gg, + 10
o, =2Gg, + 10 (11)
o, =2Geg, + 10

Ev
(1+v)(1-2v) ’
LA R BRAARFI N AR BE, B SAR BE pR AT LARIA N
1 Ev
2 (1+v)(l—2v)

2Ev
(1+v)(1-2v)

HfO=¢+e,+¢,, A=

=%[/162+ZG(gf+g§+gf)+26yfz}= (& +g€+gZ)2+2G(g,2+g§+gf)+2Gyfz}

Ev )+ZGJ(53+5§+53)+ (&6, +6.6, +6,6 )+26yrz}

(gf+g§+gf)+( 2Ev

E(1-
m"r(é}gﬁ +8r82 +89€Z)+(—V))}/rzzi| (12)

(1+v)(1-2v) (1+v)(1-v

(grz +&) +83)+%(8r&9 +&.&, +646,)+ Gyl

2v
2v(6 £yt 6.8 +EyE )+7rzj|



<
E
4

(12) R PR AT — 5 (r, 6,2) AL 3
R T S MRS, Bl e =g,, M(12):\3EN
1-
W = G[ o0 (2 np )+1

- EZU (8,2 +25,52)+7/r22}

=G 2 grz+1_u g+ 4v g, +y>
1-2v 1-2v 1-2v

(13)

UG FEHRE A THI A A7 AE R BCN AR &, = 5, —kz » Horf ey HEL Kk OUfiaR, T BIAZRE pR £ (13) 2032

1- 4
(80—k2)2+1_200 gl +ﬁ(.€0—kz)gz +7r22} (14)

WzG[
1-2v

W 8 SRR AR — R RN AS R, B RALRAR A MR RE,  WIRARAS BIREMA R A2 hE, T
i B A RFATI . BIRIE NI R

—J'ZRJ' jhf/ Wrdrd 6dz

2 ht /2 , 1-v o2y
I J.J.hf/z L 20 —kz) +1_20 z 1 0 (eo—kz)g +}/rz}rdrd9dz (15)

3. &g

AT Stoney HEAL A EE ST R, (HRHEST T Stoney BEAY, EANE [E 7 J7 [l IE R FIRIAR B K
z RINBIVINAS . AT z J5 [ AR SJ AIREAE, FF HL2 FEAN 2 7 AR R I BT VTN AL o FEAE AR T AR
RN Sy - BMARR R MK, ERMIRRKIMER R, REHELRREER LN RER L B R
i PAY T TR PR 320 S0 AR AR A5 3 1 AR RN AR REFIAR M T3 R R BRI T b AT Lt — 2D 4% Stoney 457
SANHR AL BEAR AR IR T A R AR RN ) 5 i R E S 2 (A (oG R, AL HE) 5 ) Stoney #7 ,

EHEmHE

5% H ARl 5L 4 ¥ BT H (No. 61204013, 11474012), Tidb4 @R FRRW A 3 4
ZERITH (No. Y2012004) Al b4 B 28R B2 4 B I H (No. E2014202189).

BE#k (References)
[1] Stoney, G.G. (1909) The Tension of Metallic Films Deposited by Electrolysis. Proceedings of the Royal Society of
London, 82, 172-175. http://dx.doi.org/10.1098/rspa.1909.0021

[2] zZ=fE, A, R¥EH, XEH, Frit. GaN-IE A 57 BRI iR R 50 i BT R YERE L], 1WA, 2014(3):
55-64.

[3]1 Floro, J.A., Lucadamo, G.A., Chason, E., Freund, L.B., Sinclair, M., Twesten, R.D. and Hwang, R.Q. (1998) SiGe Isl-
and Shape Transitions Induced by Elastic Repulsion. Physical Review Letters, 80, 4717.
http://dx.doi.org/10.1103/PhysRevL ett.80.4717

[4] Ao, AR, Bt SRS YA RIISSIRIMI. bR W HOR A AL, 2011



http://dx.doi.org/10.1098/rspa.1909.0021
http://dx.doi.org/10.1103/PhysRevLett.80.4717

	Strain Energy Density of Generalized Stoney Model with Cylindrical Coordinate
	Abstract
	Keywords
	柱坐标下推广的Stoney模型的应变能密度
	摘  要
	关键词
	1. 引言
	2. 应变能函数
	2.1. Stoney模型的应变能函数
	2.2. Stoney模型应变能函数的推广

	3. 结论
	基金项目
	参考文献 (References)

