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VIBRATIONAL CHARACTERISTICS OF HONEYCOMB SANDWICH CANTILEVER
PLATE WITH CURVED-WALL COREY

Xue Xiao *  Zhang Junhua *? Sun Ying " Quan Tiehan *
* ( College of Mechanical Engineering, Beijing Information Science and Technology University, Beijing 100192, China)
t ( College of Science, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract  As a kind of porous material, the honeycomb structure has the advantages of light weight, high strength,
high stiffness, sound insulation, noise reduction, heat insulation and other excellent performance. Therefore, it is widely
used in the field of transportation vehicles and aerospace etc. The traditional straight wall honeycomb is prone to stress
concentration after loading, which will lead to crack failure and shorten the service life of the honeycombs. In order to
solve this problem of honeycombs with straight walls, a honeycomb sandwich plate with circular arc core layer is
designed in this paper. The equivalent parameters of honeycomb core are derived based on unit load method and the
dynamic model of the curved-wall-core honeycomb sandwich plate is derived. The Chebyshev-Ritz method was used to
solve the natural frequencies of honeycomb sandwich plate under cantilever boundaries, and the finite element method
is used to compare. The errors of the first five natural frequencies are all within 5% from the two methods. The modes
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corresponding to each order of natural frequencies obtained from the finite element model are consistent with those
obtained from the theoretical model. The curved honeycomb sandwich plate is prepared by 3D printing polylactic acid
(PLA). The Young’s modulus of the printed PLA was measured by quasi-static tensile of the tensile specimen using a
universal testing machine. The vibration test platform is built to do the sine sweep test, fixed frequency harmonic
resides test and impact test. The comparison shows that the first five natural frequencies obtained from the vibration test
of the 3D printing model verify the calculation results of the theoretical model and the finite element model. It is found
that the curved-wall honeycomb core has a certain impact resistant performance in a specific frequency band. The

obtained research results will provide theoretical support for the application of curved wall honeycombs in vibration and

vibrational isolation.
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Fig. 1 Curved-wall honeycomb sandwich plate
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Table 1 Comparison of the first 5 order natural frequencies
results
Vibration order
Frequency/Hz
Ist 2nd 3rd 4th 5th
Theory 35.81 135.93 218.60 229.05 426.38
FEM 36.13 129.24 215.82 238.53 406.53
errot/% 0.89 4.93 1.04 4.14 4.65
Test 32.25 149 252.25 — 444.25
error/% 9.94 9.61 15.2 — 4.19
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Fig. 17 Comparison of sweep frequency curves between test and finite

element model
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Table 2 Natural frequencies of sandwich plate with different

wall thicknesses

Thickness/mm
Vibration order
1.50 1.75 2.00 225 2.50
Ist 36.759 36.371 35.812 34.684 33.548
2nd 141.789 138.584 135934 133.138  131.985
3rd 222.159  219.070  218.607 215.359  207.203
4th 239.694  234.894 229.055 222.481 218.335
5th 446.995 435837 426387 419.884 412.145

*®3 TRIEHEFZRERBEAME
Table 3 Natural frequencies of sandwich plate with different

curved radius

Radius/mm
Vibration order
15.0 17.5 20.0 22.5 25.0
Ist 33.984 34.370 35.812 36.188 36.593
2nd 132.039  134.094 135934 137.163 138.517
3rd 213.256  214.318 218.607 219.249  220.964
4th 223.894  226.731  229.055 236.473  239.395
Sth 415498 421.252 426.387 431.476 435495

*4 TEEEIE REROE AR
Table 4 Natural frequencies of sandwich plate with different

curvature radian

Radian/(°)
Vibration order
30 45 60 75 90
1st 35.812 36.486 40.334 42.981 41.093
2nd 135934  139.518 153.903 155.815 156.117
3rd 218.607  219.439  240.159 247947 233.314
4th 229.055 233.445 248.511 253.024 240.821
5th 426387 434.681 467.185 478395 458317

JURE JEL (R 38 0, 0653 I SRR T 5 B ] A5 400 A 4 A
IR A B RE AR (R G OK, M4 o)
AT ] A7 0 2% 20 9 1 K. >4 T B SICBEFE 30°~7 50113
BRI P, I J2 A ) [l A 400 2% ot A ot 12 1) 14 O T
HR.
43 HEEFETHNRERSATRE

AT I B TR 00 T e A 4D ) S A
FAE 45 K 1 B e 1 e BR B T U v LA
15~1000 Hz. #&&M0HBE R 0.1 m/s2. & SUhnid AL
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Fig. 19 Transmissibility of curved-wall honeycomb core
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