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Abstract

The aluminum honeycomb sandwich panel (AHSP) structure not only have high flexural
rigidity and strength per density but also excellence in vibration and noise properties. The
AHSP structure are very useful for railway, airplane and high speed ship which need
lighter-weighted and more strengthened elements.

In this paper, from comparison the AHSP with the equivalent aluminum single plate (EASP)
structure on the result of analysis, it was shown that the AHSP is 5 times lighter weight to
the same stiffness than the EASP. And the AHSP structure have high bending rigidity and
small shear rigidity in the direction of the thickness. Also, to the characteristics of vibration for
the AHSP and EASP, which the stiffness is larger than the EASP, are higher than EASP.
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Fig. 1. Configuration of aluminum honeycomb
sandwich panel (AHSP).
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Fig. 2. Equivalent H beam to AHSP.
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Fig. 3. Modeling of the overall shelter structure.
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Fig. 4. Modeling of aluminum honeycomb
sandwich panel (AHSP).

Fig. 5. Zooming of honeycomb core parts.

Table 1. Material properties of AHSP

Item |Material Property
Young’'s Modulus| 70.3 GPa
A5083 | Shear Modulus 26.4 GPa
Face | 11391 [Density 2660 Ke/m?
Poisson’s ratio 0.33
Young's Modulus| 69 GPa
A3003 | Shear Modulus 25 GPa
Core - :
-H19 | Density 2730 Kg/m®
Poisson’s ratio 0.33
1.2 57} &% vE HI (EASP)
AHSP 72& Y% Z%E& /1A= EASP 7=
2 F7tetd ejde 3 }S’S‘n\‘/} Fig. 62 EASP
o fees vde dehiz 3
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«Eflement 2716 EA

(Units mm)

Fig. 6. Modeling of equivalent aluminum
single plate (EASP).
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Fig. 7. Configuration of cell size(H) and core
thickness(T).

Table 2. Maximum stress to variation of H/T

20 28 40 58

T

Stress
(MPa)

Stress
(MPa)

Stress
(MPa)

Stress

(MPa) H/T

H\ | H/T H/T H/T

150 | 0.750 | 77.7 |0536] 539 |0375| 368 |0.259| 279

17510875 | 839 |0625| 588 |0438| 402 }0302| 315

230 | 1.150 | 105.0 {0.821] 736 |0575| 505 |0.397| 34.8

300 | 1500 | 127.0 | 1.070| 89.2 |0.750| 61.3 [0517| 446

- Yield Stress : 0,= 220 (MPa)

Noti
€. Allowable Stress : 0,=0.58 - 0,=127.7 (MPa)

o .

e H=15.0(mm)
—e—H=17.5(mm)
—a—H=23.0(mm)
—w— H=30.0(mm)

Maximum Stfa
3
F

13 20 25 30 35 0 s 50 55 80
Thickness of Core (T), mm

Fig. 8. Maximum stress by variation of H/T.

Fig. 9. Stress contour plot (H/T=1.5).

Fig. 10. Stress contour plot of AHSP core
(H/T=15).

Fig. 11. Zooming of stress contour plot

(H/T=15).
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Fig. 12. Stress contour plot (H/T=0.821). Fig. 16. Honeycomb core of stress contour plot
(H/T=0.438).

Fig. 13. Honeycomb core of stress Fig. 17. Zooming of stress contour plot
contour plot (H/T=0.821). (H/T=0.438).

Fig. 14. Zooming of stress contour plot Fig. 18. Stress contour plot (H/T=0.259).
(H/T=0.821).

Fig. 19. Honeycomb core of stress contour plot
Fig. 15. Stress contour plot (H/T=0.438). (H/T=0.259).
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Fig. 20. Zooming of stress contour plot
(H/T=0.259).
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Table 3. Relative value to mass increasing of

AHSP

Mass | Stress | Retive | (P | UEC | Relaive
(ke) | (MPo) (ko) | (MPa)

3.01 127 1 3.67 446 0.351
3.12 105 0.827 3.82 40.2 0.317
3.24 83.9 0.661 4.06 36.8 0.290
3.36 61.3 0.483 4.34 279 0.220
3.59 50.5 0.398 470 215 0.169
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Table 4. Relative value to mass increasing of
EASP
Total | Max. . Total | Max. .
Mass | Stress Rsﬁzze Mass | Stress R\E;l;tllze
(kg) | (MPa) (kg) | (MPa)
3.01 317.2 1 367 | 2134 | 0673
3.12 295.0 0.930 382 | 1969 | 0621
3.24 273.7 0.863 406 | 1742 | 0549
3.36 254.6 0.803 434 | 1526 | 0481
3.59 223.0 0.703 470 | 1300 | 0410
:;: —m— (AHSP)
2] N - ®— (EASP)
0 09 \\.\\
: 0.7 —- ‘\\\\\.\.
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Fig. 21. Relative value to variation of total
mass.

Table 5. Mass, stress and relative value to core

thickness
Face thick.| = g 06 06 06
( mm)
Core thick. 20 28 £ 53
( mm)

Mass 3.01 3.15 3.36 3.67
(rel. value) (1) (1.047) | (1.116) | (1.219)
Stress 127 89.2 61.3 446
(rel. value) (1) (0.702) | (0.483) | (0.351)
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Table 6. Mass, stress and relative value to face

thickness

Face thick. 03 06 10 192

( mm)
Core thick. 5 % % 28

( mm)

Mass 182 3.01 492 5.80 Fig. 23. Natural mode of EASP (1st 1,1).
(rel. value) | (1) {(165)|(270)(319)

Stress 182 127 84.7 83.4
(rel. value) | (1) [(0.698 )|( 0465 )|( 0458 )
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Table 7. Comparison of natural frequencies

Natural Frequencies (Hz)
1st 2nd 3rd 4th
mode mode mode mode
(1.1 (1,2) (2,1) (2.2)
AHSP 328.26 531.85 703.23 860.53
EASP 94.39 199.50 272.33 376.80

Fig. 22. Natural mode of AHSP (Ist 1,1).

Fig. 24. Natural mode of AHSP (2nd 1,2).

Fig. 25. Natural mode of EASP (2nd 1,2).

P
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Fig. 26. Natural mode of AHSP (3rd 2,1).
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Fig. 27. Natural mode of EASP (3rd 2,1).

Fig. 28. Natural mode of AHSP (4th 2,2).

Fig. 29. Natural mode of EASP (4th 2,2).
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