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Research on the crack of thermo-forming of aviation sandwich structure

composed of composite materials and paper honeycomb
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Abstract: During the forming of aramid paper honeycomb sandwich component of aircraft composites in the auto-
clave, the structure bears thermo—mechanical coupling case, and it may exist the phenomenon of the honeycomb
crack during the forming. The tensile, compressive, shear and thermal properties of aramid paper honeycomb core
are obtained by testing. Meanwhile, the numerical simulation of thermo—mechanical sequential coupling of the
whole honeycomb sandwich component and the local core area are carried out by combining the finite element analy-
sis method and the inversion method. The results show that the thermal stress during the forming process will not
cause the adhesive layer between honeycomb cells to crack, but gas pressure will. The difference value of pressure
difference between honeycomb cells required for adhesive layer's slight destruction and complete destruction is posi-
tively related to the initial normal fracture stress of adhesive layer. The pressure difference required for the adhesive
layer's complete destruction is decreased with the increase of the number of loaded cells.
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Table 1 Nomex honeycomb core engineering
elastic constant (180 °C)

23 Bl 2% Bl
E,;/MPa 5.34 Gyy/MPa 3.24
E,,/MPa 0.73 o 0.1
E,,/MPa 29.61 s 0.1
G,/MPa 0. 30 1o 0.1
G,/MPa 3.71
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Table 2 Material properties of adhesive layer

S8 ol S8 il
E,./MPa 1.0X10° E,/MPa 1.0X10°
E./MPa 1.0x10° P BN J1/MPa 0,085
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Table 3 Material properties of honeycomb panel
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HER /=@ 0.3
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Table 4 Thermal expansion coefficient of
honeycomb core (180 °C)
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Fig.4 S, stress nephogram of honeycomb core
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Fig.5 Detailed model of honeycomb core
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Table 5 Size of honeycomb and adhesive layer

ZH B fE
L/mm 2
T,/mm 0.06
T,/mm 0.01
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Fig. 6 Pressure test area
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Table 6 Zone pressure

s X 38 JE 58 /MPa
1 0.084
2 0.081
4 0.031
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Fig.8 Boundary conditions and loading of honeycomb cell
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Table 7 Normal fracture stress of adhesive 1ayer

destruction under load case [l
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Table 9 Initial normal fracture stress curve of adhesive

layer under multiple pressure difference
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PRER2E/MPa o gy /MPa W5 243 F1/MPa
0.003 0.031~0.032 0.024~0. 025
0. 005 0.052~0. 053 0.040~0. 041
0.010 0.104~0. 105 0.081~0. 080
0.015 0. 150~0. 160 0.119~0. 120
0.020 0.200~0. 210 0.160~0. 170
0.025 0. 260~0. 270 0.200~0. 210
0.030 0.310~0. 320 0.240~0. 250
0. 040 0.410~0. 420 0. 320~0. 330
0. 050 0.520~0. 530 0.400~0.410
0.053 0. 550~0. 560 0.430~0. 440

o . N F1/MPa
Z T - — N —
i J2 FRL T 5E A IR i J2 F T iE IR
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7 0.43~0.44 0. 55~0. 56
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Table 8 Normal fracture stress of adhesive layer

destruction under load case [
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1 0.026~0. 027 0.034~0.035
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19 0.025~0. 026 0. 034~0. 035
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Fig. 10 Initial normal fracture stress curve of adhesive

layer under multiple pressure difference
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Table 10 Cell pressure difference of
adhesive layer destruction
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22 il 8 53 MO ST RO 5 IR ORIV ) B4 ¢ & il
2, BT 1] re /ML b St s B AR AR, A AT 1L
7 WA B2 W0 463 325 1) W 24132 71 9 0. 085 MPa.

00T . BRI
0.040 | o RJEPICTE AR
L 0.035 F
=%
2 030 \
= \
E 0.025 - \\
B2 |
5 0020 \
0.015 -
N
0.010 T~
0.005 L— . .
1 7 19
LM ICHL

11 3%z 2 i s 40N M T Al o 22
Fig. 11  Cell pressure difference under
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