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Abstract: In order to meet the requirements of honeycomb sandwich plate of an optical small satellite on
the weight and stiffness, and to reduce the dynamic response of components on honeycomb sandwich
plate, the equivalent theory and dynamic analysis of honeycomb sandwich plate were studied. First of all,
the equivalent theory of the hexagon honeycomb core and the face sheet with adhesive layer were
introduced. Then, the finite element model of —Y honeycomb sandwich plate of an optical small satellite
were established, and the optimization analysis of the honeycomb core parameter with the weight and

dynamic stiffness as the goal was performed. Analyzing and comparing the weight and stiffness of
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different core, finally, the honeycomb core of 0.03 mm in thickness and 5 mm in length was chosen. And

then, on the basis of modal analysis, sine vibration and random vibration analysis are performed on the

honeycomb sandwich plate. Finally, the sine and random vibration test are carried out. The experimental

results and analytic solution showed that the first natural frequency error is 1.9%:; the sine acceleration

response error is 4.5% and the random acceleration response RMS error is 3.7%. These indicated that the

analysis model is established accurately, the equivalence of parameters is reasonable and the dynamic

analysis is accurate, and thus could meet the dynamic response requirements of satellite integration and

each single component on the honeycomb sandwich plate.
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Fig.1 Typical honeycomb sandwich panel
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Fig.2 Structure of honeycomb core

1.2 EEHMER
P e 5 I S A A R OR T P R T AR

W 3 Pz o MR 2 S TR = () R P RO
e, NI A A7 36 T AR B A5 A0 I TR A R TS
AR, TR PEAT M B 3 A I R AR A AR OR
FHSE AT BROT AL 1 T3k, 20 BT 17 8 286 700 7 0 5 ke
J2 55 ¥ 22 JE i1 A H 5 Tanimoto 552k FY %2 54 50 45
OB Z 58 R 5 2 AR A 4R 1 K T AR 5 I 45 RO J2
FAORE IR e S T AR RRE S R SO A
TR . = WA e AR S R R S TR A S
RO RS T e B AT BROCAE RS i 5 3 g 2
A RS0, 90 E TR Y g o A e R A AR A B

Panel
2 Glue line
y
Honeycomb
__|— core
X
BM
¥
= (501 Glue line
8 Panel

P 3 U s Je o B 1

Fig.3 Structure of honeycomb sandwich plate
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Tab.1 Material parameter of face sheet and

s

adhesive layer

Panel Glue
Material Aluminium Epoxy resin
E/GPa 68 5
Density/Kg - m™ 2700 1500
Thickness/mm 0.3 0.15
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Tab.2 Optional thickness and length of honeycomb

core
c=tll t=0.03 mm t=0.04 mm t=0.05 mm
[=3 mm 0.01 0.013 0.017
[=4 mm 0.007 5 - 0.0125
[=5mm 0.006 0.008 0.01
MG = WA Je S AR BE T Al R A I 2 R Y

M 0T oR S T8 W e s AR s e b AT ‘%l
A F /N R Y W) FE AR AR A PR TR A
P 2> X (5)~(9) 5 % 1 T A S B an & 3 FrR

RIEZERENERSELASHITEE
Tab.3 Equivalent parameter of face sheet with

adhesive layer

Equivalent parameter Calculated value

E./MPa 42 800
E./MPa 42 800
E./MPa 11 400
G.,/MPa 16 500
G../MPa 4,400
G../MPa 4 400
p/kg-m™ 2200
uleq 0.33

TEMEE MK | S | R S E I
T, WAH ¢ MU MBS A RN E BB S KEJE@
AT AR S 80T DLAE AL O [R] Y W S AR Bh ) 2
B, 2% 4 Sk BEJE 435 B 0.03,0.04,0.05 mm | ﬂ;kﬁj\
ST 3 4.5 mm I AR A 2 20 (1) S5 RS 3 Y B A
T8

RAATEEITEFSHNERE
Tab.4 Equivalent parameter of differenct

honeycomb core

C=t/l E=E, E, p » Gl12 G23 G31
/MPa /MPa  /kg-m™ /MPa /MPa /MPa
0.03/5 0.0339 471 249 0.01272 81 54
0.04/5 0.080 3 628 33.2  0.030 15 108 72
0.05/5 0.1569 785 41.5 0.05889 135 90
0.03/4  0.066 2 588 31.1  0.024 85 101 67.5

0.05/4  0.306 981 51.8  0.11483 169 112.5

0.03/3  0.156 9 785 41.5 0.05889 135 90
0.04/3 0.3718 1044 55.3  0.13957 180 120
0.05/3 0.7217 1311 69.1 0.27089 225 150
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Fig.4 First three modes of honeycomb plate
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Tab.5 First natural frequency of different

honeycomb core

t/l p/kg-m™ First natural frequency/Hz

0.006 24.9 36.1
0.007 5 33.1 36.5

0.008 33.2 36.6

0.01 41.5 37.0
0.0125 51.8 37.5
0.013 3 55.3 37.6
0.016 7 69.1 38.0
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Fig.5 Variation of stiffness and weight with ¢
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Tab.6 Equivalent parameter of honeycomb core

calculated value

Equivalent parameter Calculated value

E11/MPa 0.0339
E22/MPa 0.0339
E33/MPa 471
G12/MPa 0.012 72
G23/MPa 81
G31/MPa 54
p/kg-m™ 24.9
0 0.33
Natural frequency/Hz 36.0
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Tab.7 Amplitude for sine vibration

Frequency/Hz Magnitude(o—p)
5-8 2.73 mm
8-100 0.35¢
Scan rate 4 oct/min

& 8 BN IR 3h ik 6 5% 4 0 i FE I K i (ASD)

Tab.8 ASD description of random vibration

Frequency/Hz ASD
10-150 +3 dB/oct
150-60 0.010 g*/Hz

600-2 000 -9 dB/oct
Grus 2.74
Time 30s
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o

Bl 6 2Ty 3k ok R e 5t [

Fig.6 Half-power method for damping estimation
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Fig.7 Acceleration response curve of 0.1 g input
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Fig.8 Curve of the acceleration response
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Fig.9 Power spectrum density (PSD) of the acceleration response

under random vibration
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Fig.10 Placement of vibration test
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Fig.11 Test result of the acceleration response
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Fig.12 Test result of power spectrum density( PSD) of the

acceleration response
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Tab.9 Comparison of experimental result and

anaiytic solution

Response of Response of

Frequency/Hz sine/g random/g?- Hz™'
Analysis result 36.0 10.5 11.1 g*/Hz
Test result 36.7 11.0 10.7 g*/Hz
Absolute error 0.6 0.5 0.4 g*/Hz
Relative error 1.9% 4.5% 3.7%
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