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Fig.5 Plan transition variety for Equation (53a) when &, =1

Bl 6 &, =10 (53a) i) =2 T4

Fig.6 Three-dimensional sketch of Transitions variety

for Equation (53a) when &, =1

5 7,
M 6
K
3
ay a*
2 3
2 :
1 H
/ . /
bt -1
o S ° 5 o s 3 0 s
(a) (b)
s 7
M 6
s
3
al ﬂ‘4
2 3
2| 2
1 M 3
/ 1 /
-10 5 0 5 1
P g o ° *
© d

K7 e, =18 (53a) EARSHT
S — B REE 14 3 -ed  17 Hh 2
Fig.7 Force-amplitude response curves of the first-order mode with

different parameters for Equation (53a) when &, =1

KI8 &M, e, =1,e,=1 e, =10,

(53a) BY5H TR Y - IR e L, HC X 10 2 48 fE 73
ViR

(a) o,=-1, 0,=-3, y=0

(b) 6,=-3, 0,=-1, y=0

(¢) o,=-1, 0,=-3, y=1

(d) 0,=-3, 0,=

|
—

\{

1l
—_

[ R S
a
R R -]

-10 5 'R 6/ 5 -10 5 P 0 5
(a) (b)
5 7
% 6
5
a, ? a, 3
2 3
2 ¥
l / : /
-10 -5 P, o 5 -10 -5 'R o 5
© (d)

8 &, =1HH(53a) LEARFSET
5 A B 1 - R i £
Fig.8 Force-amplitude response curves of the second-order mode

with different parameters for Equation (53a) when &,, =1

[JRE Y 7 3, o] LAY 5 B2 (53b) L (53¢) .
(53d) . (53e) FI(53f) FATHAE A, & XT 70 X3k
k2, e Rk UM FR AT A B 56 T =1~ X
ZH o, o, Ml p, IR TSR T 4.

3 &g

BEXF 11 Py R B0 T A5 B e S Al 17 4
B0 O RE M) TS A RS AR 2 A
ALK EALL B XS — AR 8 T 25 Ty
FEAAT SRR 15 B A B et A AR 2tk 2453
N 4 19 6 D IR A X, N R
(64) BFRIBAAT UL B Y p, BIERT, 43 AR & —
MY o) 3o, BEER, 73 R — 2L, 7]
fFEXHR (1) w1, D2 (53) A — A F il s 76 X
(2) o (53) 5 A F A A X8 (3) o 2
(53) WEAT Z Mk, R 5T 205 5 Bk o, O S S0 i 45 Ay
RS AE T AT 48 T 5, Iz M 4 1) TR g A
RS

Z £ X W

Queheillalt D T, Murty Y, Wadley H N G. Mechanical
properties of an extruded pyramidal lattice truss sandwich
structure. Scripta Materialia, 2008,58(1) :76~79

2 Lim C H, Jeon I, Kang K J. A new type of sandwich pan-
el with periodic cellular metal cores and its mechanical

performances. Materials and Design, 2009,30(8) :3082~



514

FFLLEE 1IN IR L T R A RRE & s 122 9 3 S 19

10

11

12

13

14

15

16

3039

Park J S, Joo J H, Lee B C, et al. Mechanical behaviour
of tube-woven Kagome truss cores under compression. In-
ternational Journal of Mechanical Sciences, 2011,53(1) .
65~73

Kim T,Hodson H P,Lu T J. Fluid-flow and end wall heat-
transfer characteristics of an ultralight lattice-frame materi-
al. International Journal of Heat and Mass Transfer,
2004,47(6-7) :1129~1140

Kim T,Hodson H P,Lu T J. Contribution of vortex struc-
tures and flows eparation to local and overall pressure and
heat transfer characteristics in an ultralight weight lattice
material. International Journal of Heat and Mass Transfer,
2005,48(19-20) :4243 ~4264

Lu T J,Valdevit L,Evans A G. Active cooling by metallic
sandwich structures with periodic cores. Progress in Mate-
rials Science, 2005,50(7) ;789 ~815

Golubitsky M, Langford W F. Classification and unfold-
ings of degenerate Hopf bifurcations. Journal of Differenti-
al Equations, 1981,41(3) :375~415

Golubitsky M, Guillemin V. Stable mapping and their sin-
gularities. New York: Graduate Texts in Mathematics,
1973

Martinet J. Singularities of smooth functions and maps.
Landon; Cambridge University Press, 1982

Golubistky M S, Schaeffer D G. Singularities and groups
in bifurcation theory. New York : Spring-Verlag, 1988,
220(4) :1023~1074

Keyfitz B L. Classification of one state variable bifurcation
problem up to codimension seven. Dynamics and Stability
of Systems, 1986,1(1) :1~41

Golubitsky M, Stewart 1. Hopf bifurcation with dihedral
group symmetry: coupled nonlinear oscillators. Multipa-
rameter Bifurcation Theory, 1986:131~173

Melbourne 1. The classification up to low codimension of
bifurcation problems with octahedral symmetry[ Ph.D The-
sis ]. Coventr; University of Warwick, 1988

Gaffney T. New methods in the classification theory of bi-
furcation problem. Multiparameter Bifurcation Theory,
1986,56:97~116

Furter J E, Sitta A M, Stewart 1. Singularity theory and
equivariant bifurcation problems with parameter symmetry.
Mathematical ProcEedings of the Cambridge PhiloSophical
Society R. M. Loynes, 1996,120(3) :547~578

Gao S P, Li Y C. Classification of (D4, S1)-equivariant

17

18

19

20

21

22

23

24

25

26

bifurcation problems up to topological condition 2. Science
in China.Ser, 2003 ,46(6) :862~871

SRF 2. SRS RIS A S ). Kbk
B K2#,2006 (Guo R Z. Study on equivariant bifurcation
problems [ Ph.D Thesis ]. Changsha: Central South Uni-
versity, 2006 (in Chinese) )

2 AR A AR i S A MR TERY
SR Gy B R N FEFF T AR E . I B L
2007,28(2):209~215 (Cui D L, Li Y C. Equivariant
bifurcation problems and the stability of open fold under
contains two sets of state variables and parameters which
have symmetry. Applied Mathematics and Mechanics ,
2007,28(2) :209~215 (in Chinese) )

Lari-Lavassani A H, Lu Y C. Equivariant multiparameter
bifurcation via singularity theory. Journal of Dynamics and
Differential Equations, 1993,5(2) :189~218

LSS 290 DG T PR S &40 I 5578 4 B ) R
AT, BeEie 58 , 2000,20(3) :50~57 (Hu
FN, Li Y C. Versal unfolding of equivariant bifurcation
problems about two sets of state variables. Mathematical
Theory and Applications, 2000,20(3) :50~57 (in Chi-
nese) )

RSP BRI 2SR R O T A S Y
. BCFAE T A B8, 2003,24(3) 1341~ 348 (Gao S
P, Li Y C. Open fold of equivariant bifurcation problems
with multiparameter under the left and right equivalent
group. Chinese Annals of Mathematics, Series A, 2003 ,24
(3) :341~348 (iin Chinese) )

FRHGE TR P AR i ) S AR S B R TE A
AAEORE T BT 7. L HIRCE R )%, 2005,26 (4)
489~496 (Guo R Z, Li Y C. Open fold of equivariant bi-
furcation problems with two sets of state variables under
the left and right equivalent group. Applied Mathematics
and Mechanics, 2005,26(4) :489~496 (in Chinese) )
Qin Z H, Chen Y S. Singular analysis of bifurcation sys-
tems with two parameters. Acta Mechanica Sinica, 2010,
26(3) :501~507

Qin Z H, Chen Y S. Singular analysis of a two-dimension-
al bifurcation system. Science China Technological Sci-
ences, 2010,53(3) :608~611

Qin Z H,Chen Y S, Li J. Singular analysis of two-dimen-
sional elastic cable with 1:1 internal resonance. Applied
Mathematics and Mechanics, 2010,31(2) 143 ~150
ZWILL. MAREAE R P XS ER G 73 b S
TARRN [ 2003 ] PRI R TE Tl K4,



20 g % 5 & 6 ¥ W 2018 4E55 16 4

2010 ( Qin Z H. Singularity method for nonlinear dynami- SCEHT [ P 3] . dE AT b at Tolk K2, 2013

cal analysis of systems with two parameters and its appli- (Chen J E. Theoretical and experimental investigations on

cation in engineering[ Ph.D Thesis |. Harbin; Harbin In- nonlinear dynamics of light-weight sandwich plate [ Ph. D

stitute of Technology, 2010( in Chinese)) Thesis]. Beijing: Beijing University of Technology, 2013
27 BRI BEMEDZ S AR AR LA B ) 2 B A BT (in Chinese) )

SINGULARITY ANALYSIS ON DYNAMICS OF LIGHT-WEIGHT
SANDWICHPLATE UNDER 1:1 RESONANCE "

Guo Yuhong'  Zhang Wei  Yang Xiaodong
( Beijing University of Technology, Beijing 100124, China)

Abstract In this paper, the singularity theory is utilized to investigate 1:1 resonant bifurcations of the symmet-
ric cross-ply composite laminated plates with two detuning parameters and an in-plane excitations. Based on the
averaged equation, the restricted tangent space is obtained for the bifurcation equations with two detuning param-
eters and an in-plane excitations. The singularity theory is developed for the general nonlinear dynamic equation
with the two state variables and four parameters. The universal unfoldings of bifurcation equation with codimension
4 are then obtained in the case of 1:1 internal resonance. The transition sets in the parameter plane and the bifur-
cation diagrams are depicted. The relationships among two detuning parameters and an in-plane excitations are de-
termined when the bifurcation, hysteresis and double limit point occurr. The numerical results also indicate that

the number of solutions in different bifurcated regions is different.

Key words bifurcation equations, singularity theory, universal unfoldings, transition sets
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