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A simulation study on the section rib-ring in sandwich
composite pressure shell and a calculation method for the critical height

ZHU Zixu, LI Yongqing, ZHU Xi, ZHU Libao

(College of Naval Ship and Ocean, Navy University of Technology, Wuhan 430033, China)

Abstract; In this research, the Abaqus finite element simulation software was adopted to calculate and analyze the
critical height of the section rib-ring in supporting the sandwich composite pressure shell. First, the simulation
method was verified by comparing the simulated result with related experimental results. Then three series of T
section rib structure models were established in different layer methods and different sizes to calculate their
capability to support sandwich composite pressure shell long cabin section. The buckling loads of these models were
carried out and the conclusions are drawn as follows. By setting rib-ring, the stability of the long section pressure
shell can be effectively increased. When the rib-ring support stiffness increased to a certain value, the overall
buckling mode of the long section would be limited by the connection section with the rib-ring as boundary and turn
into several single section buckling modes. The certain value of the rib-ring height is called critical height, and the
calculation method is given in this paper. When the rib-ring support stiffness is greater than the critical stiffness,
the critical buckling load of the structure has little relation to the properties of the rib-ring, while it is related to the
size and material properties of the sandwich cylindrical shell. This critical buckling load of the structure is called
section buckling load, which can reach 7.0 MPa for the sandwich composite pressure shell structure analyzed in
this paper.

Keywords: sandwich composite pressure shell; rib-ring; buckling failure; stress failure; finite element simulation
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Fig. 1  Diagrams of the steel made and sandwich composite

made pressure shells structures
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Fig.2 Diagram of the connection structure
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Tab.1 Material properties of the carbon fiber enhanced composite
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Tab.3 Composite material strength properties
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Tab.4 Comparison of the experimental and the simulated results

YA BT/ MPa (5 H A Ui AT/ MPa 1R22/ %

(i s gkl 1.34 1.40 4.48
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Fig.3 Diagram of the simulation model
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Fig.4 Buckling mode of the model without rib-ring
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Tab.5 Results of the buckling simulation model

i JENEE/mm JEREE/mm JE AR 2 RS /mm AR/ mm [T Jit 1t 2% far./ MPa

0 J ¥ ¥ ¥ ¥ J 2.856 2
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Fig.5 Buckling mode of series A
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Fig.8 Growth trend of series A under buckling load

JE #h 8 /MPa

Fz 6 A ZR%1720 mm EEZEJE th 27 T B Hashin FRA4EE
Tab. 6

Hashin results of 720 mm model in series A under

buckling load

141
= 500 ~ 600mm

650 ~ 750mm

=
8]
T

JiE i3 A7/MPa
o o N
o » o

n

N
i
T

2N
\S)
T

500 . 550 . 600 . 650 ‘ 700 ‘ 750 ‘ 800
FEAR 5 B /mm
B9 CRIIEMHFTHEERSEHIEKES
Fig.9  Growth trend of series C under buckling load

F7 C &R%610mm L4 7EJE h 275 T8 Hashin $RAEE
Tab. 7

Hashin results of 610 mm model in series C under
buckling load
EEL 214 40
BUE 0.4859

25 b BRI B v BE A R 51k i el ad
FLPFESRAT R0 FRM A9 504> B e JEE X oz ) Je 28
A7, SRJE ARG T 285 SR A 0 ) e o 28 0 7 ol S 2F
U e JEE T ) i JRE DX I, 530 38 Bl 5 A 0 s 2
FITFE I 30 i 5 P o R I K ) e o 2 7y B B 11 1
JE B AP B . T 2 LR A 5 I X I B 7 B
A S Al BB

6 % i
R4 RS 4 T LAAH I DA R 4596

HEAA R4
0.301 1

S
0.528 3

EaE TRl
4.429 x10~*

WEE MRS AR SEAESE LRI 1) id 3 15 B ER D AT DA A5 35 e e N R A A
B 0.4878  2.383x10°*  0.3199 0.9829 B E 7S K A0 B a2 1.
B VR S I AR
i ) H B ) B
— M, AR =,
T AR _}iﬁﬁﬂﬁfrﬁ%ﬁ{ﬂ
LRI R R A
M TS TN T
i L) B 5 B
w,@mﬁng—w
L%g@m’gm K 3RV ST i h B 42
EpE e [ AR — B A T
LRI R
AR 4 B B
SREEWMII || 3 Y LA R R
RS2 T 1 5 31 45— B2 R

& 10

e SRERB S T E A R REE

Fig. 10  Calculation flow chat of rib-ring critical height



- 162 - /S NS N A N -

551 4%

2)) BRI 0 S A v RE BN B — S (R, KA B
P18 R A AR 2 B I i S PR A 2 72 D8 B3 B
Jitt il ) 22 Bt A28, TR BN el EE R O R AU AT R4
PRI AP 5 L. AR TR, it F AR 36
Iy g R AT s S B g

3) ARG A ERRA SES A B  F B
B s 7 12 T TR BT 2%

4) ER g R T e BRI o JEE I, 45 44 F I
ST th 2t 5 BRI A JR PR OC RN R, U e IR A
7 H B B RS SRR AT 5, FR R 23 B it 34

5) HE GBI B 00 18 FSUE A AL
PR TCE X [BAE 7 AR B S AR, AT DL i R
AU MR FEE TR Al 4 11 0 1) A

6) AR SCHIT T3 04 et 52 BT s 7 45 4 )
PURE K J1 KT 7.0 MPa, 72544 28 i
I, FEA 2 A R T A

VST A5 S A s S AR e JEE 3 S A 1] AL P 10,
ARSI FE S A H] T2 Bl BRI 24T S 45 B0 it
JESE4H.

5% ik

(TR, AL SCR AL LB K M RE M BT [ D], I
WHLT R, 2012
XU Yueming. Study on marine engine SCR catalyst design and
performance evaluation [ D ]. Wuhan: Wuhan University of
Technology, 2012

[2]F4, RAE, k=, 55 FOMy BT A0 ) A5 1 8 43 47
[J]. AT/, 2015, 37(11); 10
WANG Jin, WU Fan, ZHANG Er, et al. Theoretical analysis of
frame tripping of ring stiffened cylindrical shell [ J ]. Ship
Engineering, 2015, 37(11) . 10

[3]980E. SaMRf Tt e TR (1], DM/ Za bk,
2001(3): 5
JIANG Juhui. Stability of composite stiffened cylindrical shells under
external pressure [ J]. Fiber Reinforced Plastics/Composites, 2001
(3):5

[41RS, A5, Mpakam. Jeas i & P RHE T IE P 52 45 4 v ) 1
TR HARCHARBEFE[T]. PEMAPIZE, 2007, 2(3) : 34
ZHU Xi, SHI Yong, MEI Zhiyuan. Laminated compound material
and technologies in the development of acoustic stealth structure in
submarine[ J]. Chinese Journal of Ship Research, 2007, 2(3) ; 34

[5] GOLMAKANI M E, EMAMI M. Buckling and large deflection
behaviors of radially functionally graded ring-stiffened circular plates
with various boundary conditions [ J ]. Applied Mathematics and
Mechanics( English Edition) , 2016, 37(9) . 1131

(6] E4wW, B, 55 1, 5. (LRS- NI R ERS
R R SR AL ] A TI2274R, 2017, 38(3) : 271
WANG Jinzhao, CAO Yipeng, HUANG Qishang, et al. Modelling
and solution on vibration characteristics of ring-stiffened cylindrical
shell with arbitrary boundary conditions[ J]. Chinese Journal of Solid
Mechanics, 2017, 38(3) : 271

[7TESK, FHME, A0 66 iR 18 A 572 v ) AR 2 e o
Prid]. ZETRRAENH, 2010, 22(3): 76

BAI Xuefei, GUO Rixiu. Analysis of stress and stability of damaged
ring-stiffened cylindrical shell [ J ]. Journal of Naval University of
Engineering, 2010, 22(3) . 76
[8]ZERLL, K8, HKIRAE. JK TR HEFATVE FI R S5 9 [ 4 7
SER R BRIB TS et [T]. e S5 by, 2012, 32(6) : 585
YUAN Jianhong, ZHU Xi, ZHANG Zhenhua. Dynamic bulking of a
ring-stiffened cylindrical shell subjected to underwater explosive
loading[ J]. Explosion and Shock Waves, 2012, 32(6) ; 585
[OTRAE, T4, X5, % JLATSEOT IO I AE TSR 0 1 B 1
rosmaLJ]. P ERARDIST , 2015, 10(4) . 59
WU Fan, WANG Jin, LIU Yong, et al. Effects of geometric
parameters on frame tripping in the ring-stiffened cylinder [ J].
Chinese Journal of Ship Research, 2015, 10(4) : 59
(10 MHA, 5k =, RAE. T Abaqus PN IR TS K AG BE R E 1
ST EEERATT]. YRR, 2011, 40(6) : 79
SONG Shiwei, ZHANG Er, WU Fan. Buckling analysis and
structural optimal design for Abaqus long ring-stiffened cylindrical
shells[ J]. Ship & Ocean Engineering, 2011, 40(6) : 79
(1T IRk, VRS, T 28 BT i PR B AE 7 25 1 e M it 52
(1. WPRHORE, 2017, 36(3) : 97
LIANG Laiyu, WANG Zhigiang. Study on the structural
characteristics of ring-stiffened cylindrical shell using multivariate
analysis[ J]. Journal of Ocean Technology, 2017, 36(3) : 97
(12 F/N1. G X B R AL 5E il ) e AR A E PE R S ma [ 1] A
BlEEHAR, 2017, 39(4) : 35
WANG Xiaoming. Longitudinals influence on stability of shell
between ribs for ring-stiffened cylindrical shell [ J]. Ship Science
and Technology, 2017, 39(4) ; 35
(13] e, RAE, ok . a0 B0 B AL 7o il B otk 52 fr) 52 i)
[J]. AR TR, 2018, 47(1): 29
MA Xiaolong, WU Fan, ZHANG Er. Study on ultimate strength of
ring-stiffened cylindrical shell under pitting corrosion damage[ J].
Ship & Ocean Engineering, 2018, 47(1) : 29
(141258, R, ZER. FEENTIOEZ GARHRFETE R AL
BEAMAROT T T]. PEMARDIS, 2015, 10(3) : 45
LI Zhuoyu, ZHU Xi, LI Huadong. Finite element analysis of the
failure mode of composite sandwich cylinders subjected to
hydrostatic pressure[ J]. Chinese Journal of Ship Research, 2015,
10(3): 45
[15]RefERE, WIwhsC. T ANSYS mE & MR e R i A R T
SATLT]. KBRS AAEBT Y, 2011, 19(3) : 48
XIONG Chuanzhi, HU Biwen. Finite element analysis of composite
overwrapped pressure vessels based on ANSYS[J]. Mine Warfare
& Ship Self-Defence, 2011, 19(3) ; 48
(16 1RWFE, DEAAN, sk, BT i MUBARLEOR 19 52 & 4 ki 1
sehEReMtIE[ 1] BN TR, 2015, 37(4) . 74
CHENG Yanxue, PANG Yongjie, YANG Zhuoyi. Research on
composite material pressure hulls based on approximation[ J]. Ship
Engineering, 2015, 37(4) . 74
(17 J45303 , Fake, XS, 45, A B0 RHULIL BRI 4540 1 i BT i)
[J]. TAESEHH, 2005, 33(4) : 35
LI Heqing, TAO Hua, ZHAO Jingli, et al. Studies on CFRP aerofoil
rib parts[ J]. Engineering Plastics Application, 2005, 33(4) : 35
[ 18 JHASHIN Z. Failure criteria for unidirectional fiber composites[ J].
Journal of Applied Mechanics, 1980, 47(2) . 329
[19]HASHIN Z. Fatigue failure criteria for unidirectional fiber composite
[J]. Journal of Applied Mechanics, 1981, 48(4) . 846

(HE whZ)

w7y <



