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Stability of thick filament winding composite cylindrical shells
under hydrostatic pressure
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(1. China Ship Scientific Research Center, Wuxi 214082, China; 2. Taihu Laboratory of Deepsea Technological Science,
Wuxi 214082, China; 3. Harbin Institute of Technology (Weihai), Weihai 264209, China)

Abstract: In order to predict the critical buckling load of a filament winding thick composite cylindrical
shell under hydrostatic pressure, the buckling governing equation of the thick cylindrical shell under hydro-
static pressure was obtained based on the nonlinear Sander theory, as well as the deformation geometry equa-
tion of the cylindrical shell and the constitutive relation of the filament—wound layer. An analytical method
for predicting the critical buckling pressure of thick composite cylindrical shells under hydrostatic pressure
was proposed by solving the governing equation. Then, critical buckling load of the thick shell with different
filament—wound types and angles were calculated with FEM and compared with analytical results for verify-
ing the accuracy and high efficiency of the analytical method. The influence of key parameters such as geo-
metrical and material design on the critical buckling load of thick cylindrical shells was investigated based
on the analytical method.
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Fig.1 Geometry and force diagram of cylindrical shell
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Tab.2 Comparison of analytical results and FEM results

R g BLE A (") ML R p, MPa ATFRIEAE R p,.. /MPa ”Pi”
ES [£30],, 87.48 82.32 6.3%
VEY [£45], 97.22 113.79 -14.5%
E [£50] 5, 102.6 115.55 -11.2%
EX! [£55] 5 108.78 117.78 ~7.6%
HES  IBEsiLE [£60] 5, 115.47 120.4 -4.1%
ESS [£65]5, 121.86 123.23 -1.1%
E Y [£70]5, 127.82 126.06 1.4%
UE 3 (801, 136.33 131.03 4.0%
EL [£90] 5, 139.37 133.45 4.4%
ESU [90/0],, 102.84 110.46 -6.9%
ESN [90/0],5. 117.12 120.99 -3.2%
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Ti%24  JRASEYESE [90,/220/90,/+70], 132.31 133.29 -0.7%
Jr%25 [90,/+20/90,/+70],. 130.91 134.03 -2.3%
T 26 [90,/+30/90,/+60] 129.97 133.43 -2.6%
VEA [90,/+30/90,/+60)] . 132.26 135.84 -2.6%
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FoW IRMESE - HRONE T S HE g5 2 5 A RHRIE - 1401

2 X LEIF IR SRR, X T # KSR T A [F) 58 A B2 1 525 AR RE RS2 il S il 1 g, A
SCREAT RS R 5 FROTE B — 5 W T HIREI e, BRr+450 +50° MFh 587 58 09 i i 5 %0 (e
IR SRR Hofde KA L 8%

Xt B 1] 98 5815 N 16 9 58 w5 PRI GRS 1 4115, AR 2 RTIAT 4 B LU SR T LU I, o 2 4%
JEXFRE T TSRS A FROCAT R & R4, o Rt Al 8% , X s Btk 1 BLE B 28 XY
AR R 1

4 XESHXEESHHEIENEE 5 Ik 5 FE 8 E 8% 0m

s

4.1 AEELEFRINES B ENZI

IAE T HE A ] 9 28 7 ORI Z8 28 B 52 ), SR FH AR SCIA AR AL S BRI AR BT A 28, X 38 2 T 7 1) = Fofr
A G SE )T 2 DA M AN R G SE A B R 52 A A RHBRRE B 72 69 I 5L il FE h e A8, st He it i gh
2R 5~

160 [ ] Symmetric
] é;\jlytlcal 160 ] Asymmetric

120 — —

80 s0

p,., (MPa)
D, (MPa)

10 40 |

0 1: 1 2: 1 3: 1 4: 1 5: 1
30 45 50 55 60 65 70 80 90
90°:0°

£0(9)
&1 6 90° 1 0045 2% LL. A5 o it 55 etk fih 28 7y A 2 g

el 5 BRI S8 A1 X Wk e A 1 522 0 Fig.6 Influence of winding ratio of 90° and

Fig.5 Influence of helical angle on critical buckling load 0° on critical buckling load

ML S FT LA X6 T PRLBEUE 48 58 (14 2 A AR B AR I R 5% , 7 F K AN T Ll S I il 77 Fifi 4
LRAA ARG R RTHE I, AR S M 45 5 5 FR T 245 SR 359 52 0 AR R A e 3

X} FH 1] 90° )2 FEA 7] 0° )2 LA [) b 491 52 5 4 “

LR B AN TEL 6 T LA, & 4 b I T T [ pemerie

SEIG I L 1 7 BEER ) 90° )2 L A1 Y 348 T it 22 12 wl [ T ]
B, I HLAEZEE XS FRAG BT A B il g EEAS
XIFRIEOLT 348 1 2 7%

Xof B i) R LR i 52 4 S ) A 6L, DAL 7 1T
DA Y 282 2 A5 SRR A Ak A i e SR e o
(A S5 e FE 7 52 AN K o [RIIR Bt 90° )2 LBl
S 65 e AT 3, e [90° /420°/90° /% e s
70° ], [90°,/+30°/90°,/+60° |, 43 | AH XF [90°,/£20°/ o = 5
90°,/£70°15.[90°,/+30°/90°,/260°];, 90°JZ LEBIMIRI IE g 7 g e o e e s i s 5 20 4 B
INT 509 , i S i i 1 73 51 GE N 6.7% H16.2%.  Fig.7 nfluence of circumferential and single helical alternat-
4.2 KEZLLANZEE LIS ing filament winding angle on critical buckling load

PR = Ff i 0 228 5 5, ST AR SCAY A8 2, WSS S TR AR B (L/D) FNAR SR HE (Do) X2 A 1R

D, (MPa)

80




1402 WA 712 28 B oW

[R5 I AL i e 7 09520, i it e 2% . X T R S8, BEH+53° \ +£55°  £58° —Fh 4 4% £ JiE
X LT X TR ] RN 1] 52 R SIS , HEHR[90°,/0°],[90°,/0°],[90°,/0°1 = ZHL 58 e X L IHAA: s X T2
[i1] P11 B MEL i AT BR G 2%, 156 B [90°,/+20°/90°,/+70°], . [90°,/+30°/90°,/+60° ], . [90°,/£20°/90°,/+70°], . [90°,/+
30°/90°,/+60° ], MU £H 2 2% £ B %) HL i F o

SAEGE D5 R ST K AR LR M B, B2 A bk A 52 1) P 2 A8 REE JEE 4331 11 7 2R 62.5 mm AT 12
mm , AN SR B R 52 LSRR AR LU 0 AR Ak 5 T AE AT SE AR R s B D0 1 52 52 6 R A e TR JEE Sy
12 mm AAE i3 2 AR B A 52 1Y BRSO HAR R L, I A0 U KA K AR LU AR FEANAE o FEAS[R) 4
G0y ORI g BE T, 52 G PRk BT I R A s 55 B i 1 0 B A L (L/D) FAR JRE L (D) 1 254k
2430 Ul 8~10 fT 7w

350 350
—=— +53° = 537
300 e 55° 300 e 55°
—A— £58°] —A— £58°
250 a0 F
= 200f = 200f
£ £
= 2
< ot 3 ook
100 - 100 -
50 50
oL , , , , , 0 . . . . , , .
1 2 3 1 5 6 6 8 10 12 14 16 18 20 2
L/D D/t
(a) Il S ith i 3 Bl L/D 224k (b) I &4t it =TT B D /e 254k

I8 SUBEAIZE TR LD DI 2 bR I L ) B
Fig.8 Influence of L/D and D/t on critical load of composite cylindrical pressure hull under single helical filament winding

MIE 8 (a) rT L M, BRRE 95 58 7 30T S5 A0RHE AR5 (41l 5t il 1 ) B e A AR L /D 1Y
BEIMnsN . 8 LID=3 5, eI Bttt 7 B LD A 3G I N AR g B AnTE £ 530 MR E 4 4%
THOLR 24 L/D=3.4.5 .6 I , i Sl il i 3 AHRT L/ID=2.3 .4 .5 53 51380/ 8.8% . 8.3% .3.7% . 1.9% , Ui I ¢
TREAMERMEN )RS, KRS AR LU IR 3 LU K BEX Fe il S 5 7 5952 1 12 47
PSS o TTARJEE L D/ %) 52 45 A e I3 A T s J5E 5 1 A et o1 T S i e, A A2 J5E L A3 m , 52 K i
S g @ I ARSI L A2 S RS2, A 8 (b) BTk

K19 Bon 1B gk e 985807 T, 526 b B AT iR e J5E 5¢ ) KA L FIARS JEE LU X i) 1572 i 2t Ik
fh e s M . PR SRS 0, A A RHBAE f F J5 e i B it e ) B BE TSR AR L L/D
FIARIEE L D/ BB/ o 24 L/D=3 W], s Al S il s g Bl L/D B34 =t/ N A8 22 , A8 A AR X

250 350 -

. [9002/0(’] — [9002/00]
—eo— [90°,/0°] 300 F —e— [90%/0°]
a0 | —a— [90°,/0°] —a— [90°,/0°]

250

200
150

., (MPa)
Dy (MPa)

150

100 -

100

50 [

50 L L L L L L 0 L L L L L L
1 2 3 4 5 6 6 8 10 12 14 16 18 20 22
L/D D/t
(a) N S 1 e g b L/D 254k (b) it ettty = 77 B D/ 72 A
E19 Ry mghm gmse jy =0 &G 0 RHEAE EESE 1 LD D/ e s T it ) 52 e

Fig.9 Influence of L/D and D/t on critical load of composite cylindrical pressure hull under circumferential

plus longitudinal filament winding
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Fig.10 Influence of L/D and D/t on critical load of composite cylindrical pressure hull under circumferential

plus single helical filament winding
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