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Mechanical Analysis and Bionic Structure Design of Astronautic
Payloads Based on Natural Honeycomb
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(1. National Space Science Center, Chinese Academy of Science, Beijing 100190, China;

2. University of Chinese Academy of Science, Beijing 100190, China)

Abstract ; The honeycomb sandwich structure which is widely used and researched in the field of navigation is different
from the natural honeycomb in terms of structure. Research focused on the mechanical performance of natural honeycomb is
rarely found. In this paper the 3-D models of the two types are established and the finite elements analysis is implemented
to find whether the natural honeycomb is better than the common honeycomb sandwich in some aspects. The deformation
and stress of the two types under axial and radial applied forces are found out and then the bionics intelligence of the natural
honeycomb is brought to light. The mechanical performance unique to the natural honeycomb is applied to the structure

design of some astronomic payloads, and good effects are got.
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Fig.1 Structure of natural honeycomb
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Fig.2 Honeycomb sandwich structure used in aerocraft
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Fig.5 Conditions of axial and radial forces
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Fig.6  Simulation results of natural honeycomb

under axial force
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under radial force
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under radial force

DL A 2 W] A IS s s s LB TR T A
HRAZ ) s B BN I RN T KSE AR, S Ak
— g AR R AR ) A1 T (1) F7) (4 2% v A
FH o SRS 0 83 A0 IS 35 o0 = > = AR T R4 1T i A 4
T b2 ) F7 (1) A7) R S 380 28 4B 56 585 2% o 1) £
FH, 8946 T JIAES5 A0 b AR ROR | TS5 R 4
(425 T8 N 3 R T e SR 0 VR SRR (9 LA 0T
Aib , oAt 22 5 BT I R PR A X AN 1) I ) AR T
K

A m iy B AR S 5, &l 10 iR, 78
A ) e A AR AT I B S T TR B T R AR

PR

K10 RS
Fig. 10 Natural honeycomb

BT, e B2 B SN G R E A R T R
T AR 77 FCo B2 2L al i, S e SRS AL 1 52 5]
1) 3 PRy R A, JEG PR RS- 249 1 1) AR T AR T I
AU IR 2H 5 AU A AT X 5/ IN 8 K- AT e
RREIE b PR T e L PRy 00 08 D 1192 4

OO A 32 AR ) ) B i e, JRAE AR 3251 )
(1 96 52 AT AT RE 22 RS2 ORI MR TR 25 5 3 5
A (I ) AR R 0 B G LA AR/ N 1 )
KRS TE i, R PRAIE 1 R 70 BR TG PN 7 e B
(122 4, A R T AR AR Pl I fR 4

3 EXLBENMAT@EMIZITHER
LS8 SRR 14 7 207 THT AR X 2

ALK S A M B A R AR i flanAELe
JOL A ok PRI 2R A e A S A~ A R
RIS E N R T TR WA 711G AVANG 716" A A e i =2 51
Fé o H TR R — i o R T A5 B o A2
PeLlily L, N AR HEAT 2R S BT AR IS4k, A6 20T fR
R L LR AR AR SZ M S AR B NS B/l
A 33 I HAL 138 31 -5 L % i 15 s L, )
TR AT HE T EAL AR A o

Pl 11 RGBT H R S AR R 1) 22 2
VIR ZE R BT 5, D A IS A P 2 A DY
JEIAS 22T S Ay AN A [ 5 Al il 2o 0
PO A2 2 L5 22 e [ i o

LR S B S Ak (BAR 238 ) 52
BIHN ) G B R A A A AT (R gk, e Al 223
PEEAL AR K- e TR I 2 R %, T
T A BROC A AR AT, P 12 S AT BROC /T
DR 8

(RSt e
i A2 AL

\\\gw%m@ﬁﬁﬁ
B 11 R R e Y R AR T T &

Fig. 11  Prototype of a sensor base
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Fig. 13 Improved design of the sensor base
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Fig. 14  Simulation results of the improved design

MIEL13 ~ 14 FTRUR Y, ook 5 i as t e A% B
LRETRAL P AFEAEALTE | IR KRR T 14 s
TR RS , DRk o e i 45 ) e R JEE R T
FLSL I GLAS TR ) A 07 T B4 L, AT B A0 0
ko

4 & ®

F SR S L0 SO HETE B e s e T HLAS
PR A T3 2 05 T ) 0 35 e Pk B BB OB AR KRR B |
Gz w4 Iy U 1w % B BRI AN RO R, R
Gy ) RS TERR AL T AE T 32 1 B i BT A
oA I HB J3- 2R TC W BEAE PRSP AR XHAR /N 1 ) RS T
IKFs

ST R B A R AT A AT, R A R
b BUARTE J7 1A R 0 R, A — LEAE A5 IR 1Y)
LHEPE , R F AR B 1 5 Sk BR AR 4, PSR H
SERIR T BERy R R A BOR AR AR Z A Ty KA AR

TERRERIF AR BN T A, DA S B IR 5 A %
AR BB S AR BT . BT R BER D AR
AR B AE — RE TR L n] DU A2 5 T AY 20K
it H A R A A2 e o Be oy, BoAr i
I AR SO SE I

£ £ X M

[ 1] B M I 2R ARG A 5[ D]. ™
W MR AAS R K2, 2006. [ Zhao Jin-sen. Study on the
equivalent models of aluminum honeycomb sandwich plates [ D].
Nanjing: Nanjing University of Aeronautics and Astronautics,
2006. ]

[2] BA& EBEEBMESHSOAI]. BARAH, 2001, 38
(2): 151 - 153. [ Cai Wan-zhi. Bionics on the structure of
honeycomb [ J]. Entomological Knowledge, 2001, 38(2) . 151
-153. ]

[3] EEIE, R B mp s s B AR R RLIT]. i
ZSAPREEAR, 2000, 20(3) : 172 —=177. [ Wang Yu-ying, Wu
Rong-huang. Development of honeycomb cell structure and
materials [ J]. Journal of Aeronautical Materials, 2000, 20(3) ;
172 -177. ]

[4] Gibson L], Ashby M F. Cellular solids: structure and properties
[M]. Cambridge, UK:Cambridge university press, 1999.

[5] EFR. EepssMemmn ey oM rEBsElT]. e
RepEd CEHAARRARR) , 1991, 3(27): 301 -307. [ Wang
Ying-jian. Deformation models of honeycomb cell under in-plane
shear[ J]. Acta Scientiarum Naturalium Universitatis Pekinensis,
1991, 3(27) . 301 -307. ]

[6] EHIR, AL BERRENEREMESET]. J1%%m,
1999, 31 (1). 113 - 118. [ Fu Ming-hui, Yin Jiu-ren.
Equivalent elastic parameters of the honeycomb core[ J]. Acta
Mechanica Sinica, 1999, 31(1) . 113 -118. ]

[ 7] Tanimoto Y, Nishiwaki T, Shiomi T, et al. A numerical
modeling for Eigen vibration analysis of honeycomb sandwich
panels[ J]. Composite Interfaces, 2012, 8(6) : 393 —402.

[ 8] KimuraT, Itoh T, Fusazaki T, et al. A honeycomb-like structure
in the right coronary artery visualized by three-dimensional optical
coherence tomography [ J]. Coronary Artery Disease, 2015, 26
(4) ; 356 —360.

(9] WUrms, Bfh, s, 5. H BRI 4% 4K % Bl 2l 1 =4 1
[J]. FMis4lk, 2011, 32(3): 462 -469. [ Jiang Wan-song,
Huang Wei, Shen Zu-wei, et al. Soft landing dynamics
simulation for lunar explorer[ J]. Journal of Astronautics, 2011,
32(3): 462 -469. |

[10]  BR&S,%, BaA, 5. 1 BRRIN & 98 Bl 22 b b 25 Bl
PEREAMITT]. FEi2Fd, 2008, 29(6) ; 1729 —=1732. [ Chen
Jin-bao, Nie Hong, Zhao Jin-cai, et al. Research of the factors
of buffering performance in lunar lander [ J ]. Journal of
Astronautics, 2008, 29(6) : 1729 - 1732. ]

(111 RIE, . A BRGNS ECE R AL 2 i BEAE 1Y 5 05 2043



3

KRR LI Ty B R R 28 25 44 0 A et 267

[12]

[13]

Brid]. FhizeR, 2008, 29(6) . 1723 - 1728. [ Zhu Wang,
Yang Jian-zhong. Touchdown stability simulation of landing gear
system for lunar lander [ J]. Journal of Astronautics, 2008, 29
(6): 1723 -1728. ]

JBOCTE, TURL, B, & TR G MR IR
B LT]. FAFR, 2003, 24(1): 88 -91. [ Gu Yuan-
xian, Kang Zhan, Zhao Guo-zhong, et al. Optimal design of
composite structure of satellite bearing cylinder. Journal of
Astronautics, 2003, 24(1); 88 -91. ]

B, DRk, EREER, SF. IR AR e IO 2 S A Y
HAERREAITE ], FAEH, 2010, 31(8) : 2043 ~2049.

[ Huang Jie, Ma Zhao-xia, Lan Sheng-wei, et al. Study on
hypervelocity impact characteristics for honeycomb sandwich with
multi-layer insulation [ J]. Journal of Astronautics, 2010, 31

(8):2043 -2049. |

P& i

Bkt (1979 -) 0 WAk, B I RIS Y
L AR T

i ik Al U OGR4 —5 (100190)

LI (010)62582633

E-mail; dyj@ nssc. ac. cn

(R - 2B W)





