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Abstract: Composite sandwich panels possess the characterizations of lightweight and high load—bearing capacity.
They also face diverse failure modes, and an in-depth study of their mechanical performance and failure mecha-
nisms is essential to ensure structural safety and applicability. In this paper, three—point bending static and fatigue
tests are carried out for the sandwich panels consist of plain weave glass fiber/cyanate fabric laminate and Nomex
honeycomb by using a specially designed test fixture to investigate the bending—shear load capacity and fatigue per-
formance of the panel, and observe the fatigue damage and failure phenomena. According to the internal stress
states of the sandwich panel, fatigue damage models are established for the face panels subjected to in—plane stress-
es and the sandwich core subjected to out-of-plane shear. Substituting the honeycomb core by an equivalent solid fi-
nite element, the bending panel is discretized by using the solid finite elements. Then the bending fatigue lives of
the sandwich panel are predicted by means of finite element analysis and cumulative fatigue damage analysis. Re-
sults show that the simulated bending fatigue performance of the sandwich panel correlate well with the experimen-
tal results. The predicted fatigue lives are a little conservative and acceptable.
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Fig.1 Structure of honeycomb sandwich panel
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Fig.3 The Flow chart of fatigue life analysis

& 1 Python 1 5 9 55 % 57 75 fi PO 353 ML AR
e, e B2 g A e o 9 AT BR T AR PE R S B
b P P R S B 0 A 57 45 45 B0 1 I R

IBAE o A SCE o W RE — kAR A T AOR BN e =
B 45475 30 A At o 25 0 T RS A L L A A R e
i X ) O 57 O S0R B IE o A A A RS
Bl o — WM HR AR e, p IR R )2 MR
B A R BN R 1R .

R RIRA [ e o R AR AL 2 BRI R fE &R 4L

Table 1 Stiffness degradation parameters and degradation
coefficients of sandwich plates in different failure modes
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Table 2 Static property parameters of
laminate (panel) material

ZH HlE ZH QI
E{/GPa 30. 21 X"/MPa 615.49
E{/GPa 24.15 X“/MPa 470.77
E}/GPa 30. 21 Y"'/MPa 615.49
ES/GPa 24.15 Y“/MPa 470.77
G,/GPa 5.72 S,,/MPa 150. 07
E.;/GPa 18. 00* Vis 0. 14*
G,;/GPa 3.40% Vis 0.15%
G,;/GPa 3.40% Vos 0.15%

T S BBk AR5



% 6 01

LA - 3955 e = 45 K 25 il % 05 75 U WE 229

F 3 M JZ SRR M RE S AL
Table 3 Static property parameters of equivalent
honeycomb sandwich material
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Table 4 S-N curve fitting parameters for each typical state
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Fig. 5 Curve of equal life under typical load conditions

3 BEREHR=AC
HERU

T A ES SR

%% ASTM C393 it 5 b ™, o i ik 46 e
H T e 0 5 Je J2 0 il e o A 55 i . K5
PRI 1, K BE 200 mm, 55 FF 75 mm , #5585 L 7 1]
& IR I T 1w
K =R s im0 =L, i E 6 (a) s . ik
L N N1 B U 2 G VAN Y VAN B S T =1
25 A Hp ) e e i 2 R G o R AZ T A 3 1)
J1 K- AR BT S . O T B Ak b R S Pl
Tl A8 ST MR AN P i Sz P e A 55k 06 T 4 L i 2

= I 57 I 0 A

3.1



% 6 01

LA IR

S

5 i 5% 55 75 A 000 A 5 231

TR S 14 55 A AE 20 mm X 75 mm B TE X
Wb o e AR A e e B A an &1 6 (b) B
N IZIE BB R TE T - O RE % 52 3L ) 9 57
Iz ; OFE I AR T8 h, SCHE ) e 21 TR 1
FR T 5 O TE 2 i AL I 14 R B, A 24 53k 56 124 A o 1)
Bhl RS BE O | AR N A% gl 7 .

15
R

[T T AT

(b) 15 Je F

K6 ez =2 il gon K
Fig. 6 Schematic diagram of sandwich
plate three—point bending test

=R AR 7E R PR DZW 50450 kN H
T RER I AL AT, 34§ 1356 1 1 e SR A =X
F57 Ay Jon A8 AR S A 22 T RS bR B U R R SR 4
TF 43 5k 3. 32.3. 10 M1 3. 27 kN, B 31 % 17 29 {8
3.23 kN 5 il 9% 55 10 46 7E Instron 8872 9% 57 X 4
B b HEAT , 45 R E 5% 0 28, 9% 3 Hzo A 24N B
W (R=10, E— K m# ; R=—1.0, hr — K
B BN 3R 1K Omgk b ) A &0
55 77 A IR I 45 AN 2 5 TR o AN A il g 9 LR
BRI A IR 7 7R, W SR 3B A 5 ) IR 2L
TSR AR BE R R T L K T A 4 5
SUR YR B Y SO S R R
B 5 2L LU S G AR B 00 b 5 T AR 04 T 4k T
HH I ERG | e 2 3 BCE b 4 80 T AR AT T

O MBI A I OF AR A R
Table 5 Results of three point bending fatigue life of

honeycomb sandwich panel
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history of sandwich plate

W97 A e M 45 R R 6 i , AT LA £
Toft 167 155 0 T 098 55 7 i IO B G TR ST, AR b
A S BRI SR S5 R I TN R 25 A8 2 4% R 224
BN R R A2 10, T R 22 A AT 42 A

O T IR MR = R 57 A i O 4
Table 6 Prediction results of three point bending
fatigue life of honeycomb sandwich panel
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