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Enhanced theory and finite element method for wrinkling
analysis of composite sandwich structure
ZHANG Senlin', WU Zhen™ , REN Xiaohui?

(1. School of Aeronautics, Northwestern Polytechnical University, Xi'an 710072, China;
2. School of Mechanical Engineering, Xi'an Aeronautical University, Xi'an 710065, China)

Abstract: Panels wrinkling behaviors may occur when composite soft-core sandwich structures subjected to

coplanar compression loads. Once the panels wrinkling appears, the sandwich structures will lose its load-bearing

capacity. Therefore, it is necessary to develop an accurate model to predict the wrinkling behaviors of soft-core

sandwich structures. Sandwich structure wrinkling is a typical three-dimensional (3D) problem, and few high-

order models can accurately predict such issues. Therefore, this paper proposed an enhanced higher-order model

including the local deformation and the 3D effects. Based on the proposed theory, the beam element formulation

was derived, and the wrinkling behaviors of sandwich structures with different boundary conditions were analyzed.

By comparing with the quasi-3D elasticity solution and the 3D finite element results, accuracy of the proposed

method has been verified. In order to improve the capability of sandwich structures resisting the wrinkling deforma-

tion, this work attempted to use composite face sheets instead of metal panel in the sandwich structure. Numerical

results show that the developed enhanced high-order model can accurately predict the wrinkling behaviors of the

composite sandwich structures, and the use of composite panels can effectively resist the wrinkling behaviors of

sandwich structures.

Keywords: composite; sandwich structures; enhanced higher-order theory; wrinkling; beam element
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Table1 Boundary condition for 3D finite element
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of the sandwich beam; U2, U3,
UR3—Translational and rotational degrees of freedom in
ABAQUS, respectively.
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Table2 Buckling load of three-layer sandwich beam with aluminum panels
3D-FEM BEI8
t/t al/h (270 000 HYF11™ HYF21%! HOST®! Allen®®
(64 elements)
elements)
2 6.6111 6.7131(1.54) 6.2220(5.89) 37.551(468.00) 37.238(463.26) 6.3544(3.88)
5 5  14.7065 14.838(0.89) 14.320(2.63) 159.0500(981.49) 159.3200(983.33) 14.385(2.19)
10 41.6580 41.8190(0.39) 41.0840(1.38) 329.6300(691.28) 321.2600(671.18) 41.1150(1.30)
2 1.5342 1.5600(1.68) 1.5299(0.28) 2.3207(51.26) 2.3112(50.64) 1.5923(3.79)
25 5 9.0749 9.1046(0.33) 9.0314(0.48) 13.1300(44.68) 13.1130(44.50) 9.0971(0.24)
10  31.6490 31.6550(0.02) 31.0960(1.75) 42.4330(34.07) 42.4360(34.08) 31.1590(1.55)
2 1.4432 1.4640(1.44) 1.4419(0.09) 1.8335(27.04) 1.8301(26.81) 1.5074(4.45)
50 5 8.5657 8.6504(0.99) 8.5553(0.12) 10.3110(20.38) 10.3010(20.26) 8.6191(0.62)
10  27.5850 27.5220(0.23) 26.7620 (2.98) 30.7460(11.46) 30.7690(11.54) 26.8490(2.67)

Notes: t./t—Core and panel thickness ratio; a/h—Span thickness ratio of sandwich beam; BE18—Present model; HYF11—Quasi-3D
model; HYF21 and HOST—Higher-order models; Allen represents the model proposed by Allen.
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Fig.3 Buckling and wrinkling loads for three-layer sandwich beam with
aluminum face sheets (Ratio of core thickness to panel thickness is

t./t;=50, ratio of length to thickness is a/h=2)
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Fig.4 Displacement modes for buckling behaviors of a three-layer
aluminum panel sandwich beam calculated by using the current model

and 3D finite element method (3D-FEM)
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Fig.5 Displacement modes for wrinkling behaviors of a three-layer
aluminum panel sandwich beam calculated by using the current model
and 3D-FEM

IR A AR S A PR T i R L Al v AR TR Y 2
BT TR, T =R iR Ie s 2 (1/4=50),
S T 5 2 A X T = A PR T AR Y A KR 22
INTF 5%, F =2 BT Oy RS 20 1 B /R 4
AT T DATE PR (m) o 13 B 45, AR A AL A
YE = YRR HYF 11 75 31 (4 5 708 B 40 288 o 7 2 5 5K
N 14 B . FERXFPEOLT T AR A X
i AR AT A IS RE A B TR, Ak, X
F =R IR (1/1:=50), Hodw /N 4% 4R far B 1K
T /N E M #or, X R I AR A AT N T RE L
Jo AT & AR AL

W A R TE E L R B, B 6 B TR
i FIRE B 2R AT (A = 1004/ Ey) B ¢ 0 J2 A 36 T 2
FEH (t/t) AL A . S5 SRR, d g
1T JZ SR AT R AT ALCHE v e o R A A . B

A e 2 R 2 VR L L (/8 B, 3% v 2
3 g i B g A8 (BE18) A3 A 2 A R PERL R (Ep) A8 0L 3 5 4
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Table 3 Wrinkling loads of three-layer sandwich beam with aluminum panels
t/t alh 3D-FEM( 270000 elements) BE18(480 elements) HYF11% HYF21%'  Allen™
2 0.7311 (5) 0.7632 (5) 0.7073 (6) 0.8074 1.3020 (9)
50 5 4.5097 (13) 4.7147 (14) 4.3583 (14) 5.0048 8.1376 (23)
10 18.0910 (27) 18.8830 (27) 17.4330 (28) 20.0190 -
2 0.2610 (9) 0.2845 (9) 0.2517 (9) 0.3121 0.6638(9)
100 5 1.6318 (22) 1.7768 (22) 1.5736 (23) 1.9480 4.1486 (22)
10 6.5273 (44) 7.1612 (43) 6.2921 (45) 7.7921 16.594 (45)
Note: Numbers in brackets represent half-wave numbers.
700 K7 g5t T IR R R R R L (1/t) MK
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Fig. 6 Influence of material properties and geometric parameters on
buckling and wrinkling loads of three-layer sandwich beam with

aluminum face sheets
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Fig. 7 Influence of geometric parameters on buckling and wrinkling

loads of three-layer sandwich beam with aluminum face sheets
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Table4 Bucklingload of three-layer composite sandwich beam

t/t; alh 3D-FEM(270 000 elements) BE18(240 elements) BHSDT®! RHSDT?
2 11.301 11.457 14.951 15.525
25 5 64.288 64.441 85.873 89.282
10 239.100 239.200 313.650 325.220
2 10.016 10.135 13.442 12.360
50 5 61.853 61.978 80.805 73.963
10 222.560 222.510 280.980 259.830
Notes: BHSDT—Higher order model proposed by Babu et al’®; RHSDT— Higher-order model proposed by Reddy™.
®5 ZERESMRRERBEET
Table 5 Wrinkling load of three-layer composite sandwich beam
SS CC
e/t alh 3D-FEM 3D-FEM
(270000 elements) BE18(480 elements) (270000 elements) BE18(480 elements)
2 7.5768 (4) 8.0174 (4) 8.0246 (4) 8.5964 (4)
50 5 46.4130 (11) 49.2650 (11) 47.1010 (11) 50.0860 (11)
10 185.7200 (22) 197.4900 (22) 186.4300 (21) 198.3100 (21)
2 2.7004 (7) 2.8531 (7) 2.7806 (7) 2.9505 (7)
100 5 16.8350 (18) 17.8290 (18) 16.9290 (18) 17.9370 (18)
10 7.3330 (36) 1.7410 (36) 7.4410 (36) 1.8490 (36)

Notes: SS—Simply supported boundary conditions; CC—Clamped supported boundary conditions; Numbers in brackets represent half-

wave numbers.
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