hEREF: YHEF hFE RXF 2022 F E52% 11 Hi: 114611
SCIENTIA SINICA Physica, Mechanica & Astronomica

it X

(b EREE ) Atk
SCIENCE CHINAPRESS

physcn.scichina.com
CrossMark

& click for updates

IEEREEE 2 B AR Bl S R B R

I a i, Mtk FH

AT A AR SR TR AR, AL 230009
*PR N, MR, E-mail: zhouhl@hfut.edu.cn; #1, E-mail: mengz@hfut.edu.cn

WA F39: 2022-01-24; 4332 H#1: 2022-03-22; F4% H R H #1: 2022-08-10
X EARRAIE S (RS 11972143)% B H

BE HTREEETHAKED, RE—FAEBRE LA A EET BLEREEESAEME S A E
HERE RN, AT FRRAEERH H G 7R o 77 8. I REM IR T 5 e st Ao M4 oA 8
LR EAERRENETEE. XK TR S AT R MBI, FETARTHEEE 271 R s R
BATIIUE. ZREA, RUEHRBE L F A EETREAL KD, BEARMERIAR. EHRIET et

B SR BRI T R ER S ek
KA

PACS: 02.60.Pn, 45.10.Db, 46.32.+x, 46.70.De

il

1 35l

BEE S AR BRI AR, F1xF CHLILE
K355 0 ) BV £ I 4 ) Y BSR4
SRR S BRI R A E AL I AL
B RIKE (a5 22 L L AR RGO R v 2 %
AR ISAE L, BRI 2O i it 2R 2L

Wang¥ A\ PH i s 5 4% (0 R F Wit 7 —Fh %
PTAN BRE T, AT LA R B AR A3 (B A 5 PR R e
T IR L R R ). s AP T A
DR ERS R DL 1w 22 0 A9 158 A e ) st o B 280
T N XU 5 B [ A S 45 1.

L 2 FL % A5 20 KD AR ASE A S5 th X s [ A e 4
AR SRR REZER . i, FERAIASE R g A 4

T REAE B AL, oA B AE T, RN E %, B ENIR, B R E i A K

IR MR G IR, SRR 5T I A 7
Y g SR LD R NIRRTty Lz s S
R e deting, TR THERSE
A

XTI ReRh EEMA AL TS, e XA J il
SHTITIEI R, Huy Bich A5 T2 24 5
BHES T ZhRERR L ARIIN i B 72 (K38 2 1 7 2 9T
AR T I A M. Trane UK RIR BT 06
BRI [ ST T aRE AT, KRN
JE& T 25 A0 RO FERE R, H SR T RN 5 [ A
SEI LS M. B NI T R 1
FA T Dy B BA EEAARHEURE S 108 17 . Cheng % AT
RS R T A R R G R A T PR,

AT ] P Ahad i/ 3o I T D ek EEA R 22 20

Astron, 2022, 52: 114611, doi: 10.1360/SSPMA-2022-0037

SIS Telakh, FMrR, Fi. DIBeRAIE 2 GO RS2 10 BAL B, TR R MBS J15 RS0, 2022, 52: 114611
Luo X H, Zhou H L, Meng Z. Lightweight design of functionally graded hierarchical stiffened cylindrical shells (in Chinese). Sci Sin-Phys Mech

©2022 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SSPMA-2022-0037
http://www.scichina.com
http://physcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SSPMA-2022-0037&amp;domain=pdf&amp;date_stamp=2022-06-24

URIERRSE, PEERS: P it RICH 2022 4F 552 11

3 AL 5 o b AT DS ORI 7T, Th R FE 2 0 5 [l A e
DL BE T2 — AMIF T AR A A T

ASCHR AT R Th RERE I 2 SO [ A 52, 2
SEHAE RN RERRE Y 45 21 F i I e o A8 AT A
e PR R AL S0 D RERE L 2 28 5 [ A
FeHHATREMABE, JFRAA RN HE AT R AL
JE i 23 B AR DAL 45 R

2 DIRERRE S RMARERRE

& — R T BERR AR 2 GO B A 52, dn P 1
. [BRE TS 5% B AN 22 J2 5 2, b B 2% I Al ) A3
IHEAT, H 000 A MU R 05 2 LR, il Tl AN 2R 1) 2 7
20 FEAN v AR R, 1] LA [ 2 J3 2 9 2 A sy 2 2
FHA.

WAE 525 SR N D RERS AL, FR BB KL o)
A IR 5 T (22 )7 1) 745 & Voigt iR &A1), TR bh
FERPRHE RE I 20 A 242 2Kl T

L

k
P@)zﬁﬁ(ﬁfQ%%+%J,*§ﬁ§z§ : (1)

Dol

i, PR B R L, CIEs IR B L. PAIP,
73 NS B N AR T RSN (R RRHIE . oA AR 2
FIHEEL(k=0). (LB LR
3 FHWIEZE

B SRR R 3 T BER AR 2 SN 9 B R 7

B (W2 RROR D) Sh BERR 2 2 2 9 [ R e
Figure 1 (Color online) Functionally graded hierarchical stiffened
cylindrical shell.
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Figure 2 (Color online) The design process.
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Figure 3 (Color online) Expansion diagram of cylindrical shell.
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Lightweight design of functionally graded hierarchical stiffened
cylindrical shells

LUO XuanHe, ZHOU HuanLin & MENG Zeng

School of Civil Engineering, Hefei University of Technology, Hefei 230009, China

To improve the bearing capacity of cylindrical shells, a functionally graded (FG) material hierarchical stiffened
cylindrical shell is proposed. The smeared stiffener of FG hierarchical stiffened cylindrical shells is derived using the
equivalence principle. The critical buckling load is calculated on the basis of the equivalent stiffness model, and a
lightweight design model of FG hierarchical stiffened cylindrical shells, considering the structural component dimensions
and material distribution of FG components, is established. The particle swarm optimization algorithm is used to analyze
the optimization results, which is further verified using the finite element eigenvalue buckling analysis. The results show
that the mass of the FG hierarchical stiffened cylindrical shell is substantially reduced after optimization, and its load-
bearing performance is highly competitive. Thus, the calculation example proves that the optimized FG hierarchical
stiffened cylindrical shell is feasible and safe.

functionally graded material, stiffened cylindrical shell, smeared stiffener method, lightweight design, critical
buckling load

PACS: 02.60.Pn, 45.10.Db, 46.32.+x, 46.70.De

doi: 10.1360/SSPMA-2022-0037

114611-8


https://doi.org/10.1360/SSPMA-2022-0037

	功能梯度多级加筋圆柱壳的轻量化设计
	1�� 引言
	2�� 功能梯度多级加筋圆柱壳模型
	3�� 等效刚度法
	4�� 轻量化设计
	5�� 优化算例
	5�� 结论


