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Comparative analysis on multi-type domes of filament-wound

composite pressure vessels

CAI Qiang,ZHAO Xiaoning, LI Xintian, DAN Linpeng, PU Xiaohang, HUANG Huihui
( China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract: Filament-wound Composite Pressure Vessels (FCPV) has been widely used in the aero-
space field. The main purpose of this paper is to meet the requirements of rapid concept design of FCPV
and compare the effects of winding pattern and meridian type of domes on the properties of FCPV. A sim-
plified geometric parameter model of FCPV was established. Based on the mature and reliable grid theory
and geodesic theory, four types of domes (helical winding, helical winding ellipsoid, polar winding, po-
lar winding ellipsoid) were studied. The control equations of each type of dome were derived. According to
each type of dome, case calculation was carried out to verify the correctness of the design method. The re-
sult analysis shows that the design results of meridian, winding angle, wall thickness, fiber stress and
pV/W of the same winding pattern are similar. Ellipsoid dome is recommended to avoid the curvature in-
flection point of meridian, which is also conducive to processing and manufacturing. The research results
can provide reference for the design and selection of FCPV.
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Fig. 1 Simplified parametric model of filament-wound

composite pressure vessels
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Fig.2 Helical filament winding
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Fig. 3 Polar filament winding
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Fig. 4 Geometry of general dome
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Fig.5 Inflection point and modified meridian of

helical winding dome
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Fig. 6 Geometry of polar winding dome
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Fig.7 Verification of dome design model
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Fig. 9 Comparison of dome design results
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Fig. 10 Comparison of fiber stress design results

for rear dome
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Tab.2 Comparison of performance parameters for rear dome

S ES g V/m’ W/kg — pV/W
Ex. 1 SPEgEgessk 0.1784 1.72 1.0372
Ex.2 PmgEgeffiskEsk 0.1796 1.79  1.0030
Ex.3  #2essedtsk 0.1930 2.27 0.8502
Ex. 4  IEgmseihskEL 0.1796  2.11  0.8525

Li b MR JE SE 2 R S 8 ff  BE TR R iE 2
BOHIT , - T 28 SR AR I Sk FORE R pV/W L, IR



96 ko oHE Ot

2020 4E 12 A

JRRHLREL Y 4T 4t 52 1R o Ty 1 kAt Sk i T iy
FRIANEELENE , [a] 25 JE 3 0 T A4 B 1, 4
1R PR 9H SEM RS Sk P T e ER T %

4 s

AT M B SEAI, RGEWTE T 58
PR BN Sk I BETH 7 1%, S8 i T IR e Se 3k |
R e SEMERET Sk | 1f 28 58 Sk 1P 7 2 S Bk
BERAE 4 SRR O7 B AR, X 4 S &
SN TR R SR A BEJR VLN A K SRS
PERESHON LU, K BUAH [ 2 58 2 T 1) Sk R0 45 2R
AL, A TSOAR Bl S o 7 P75 190 SR T HER e 238 5 A ok
Sk Bl T 28 52 A0 Bk Sk, DL A 1 A 2t 3R i B
S TR A R 0 T i

S 30k

(U] I aRMS, BEBOSE, 55 BREF 4R 525 A RHE 1 3 8 1
WroE ke ()], SR T.,2020,40(1) : 68-71.

(2] M55 PR, A, 45, AR 1 28 8% 70 K Sk i
NEATFELT]. K HEdE ,2014,40(4) : 35-42.

FENG X,SHEN J,TIAN G, et al. Research of composite o-
ver-wrapped pressure vessels for space application [ J].
Journal of Rocket Propulsion,2014,40(4) . 35-42.

(3] BRZE%E, MR DRR 55 B " S NS 2T dE i 58 5 5 b4
RO A R A [T]. KHiHEDE,2014,40(3) ¢ 57-62.
CHEN J J,TIAN G,SHEN J,et al. Analysis on autofrettage
of filament-wound composite cylinder[ J . Journal of Rocket
Propulsion,2014,40(3) . 57-62.

(4] 2&7%. LFREHLE/ &J8 N ART SZG MPRFOR M 1 43 B [T ]
kFTHERE,2011,37(1) ; 46-50.

YAN F. Stress analysis of filament-wound composite gas
cylinders with metal liner[ J]. Journal of Rocket Propul-
sion,2011,37(1) ; 46-50.

[5] ROSATO D V,GROVE C S. Filament winding: its develop-
ment , manufacture , applications ,and design [ M]. [S. L. ]
Interscience Publishers,1964.

[6] SHIBLEY A M. Filament winding[ M ]//Handbook of com-
posites. Boston, MA ; Springer US,1982 . 449-478.

[7] PETERS S T, HUMPHREY W D, FORAL R F. Filament
winding composite structure fabrication [ M]. [ S. 1. ];

SAMPE International Business Office,1991.

[8] ZU L, KOUSSIOS S, BEUKERS A. Design of filament-
wound domes based on continuum theory and non-geodesic
roving trajectories| J ]. Composites Part A; Applied Science
and Manufacturing,2010,41(9) . 1312-1320.

[9] FUKUNAGA H,UEMURA M. Optimum design of helically
wound composite pressure vessels [ J ]. Composite Struc-
tures, 1983 ,1(1) : 3149.

[10] HOJJATI M,SAFAVI ARDEBILI V,HOA S V. Design of
domes for polymeric composite pressure vessels[ J]. Com-
posites Engineering,1995,5(1) : 51-59.

[11] Z=MG Rl R AT, SRS SR o R 25 A R A B
FELI]. SRRl 50 ,2019,42(2) « 25-30.

[12] fap . BT AE G 28 1 ) 25 v 4l M vt SR A BR T4
BrID]. R RBCTARK,2018.

[13] JA. 2P 4EgESe)E ) 25 an i s B o M Ao Ak se it [ D 1.
B AP R RS 2015,

(14 ] Jr4en, EoR 1, XISCHE, . AP 4R 2 SRR I &
B SR U [T ] 25 8 R a4, 2010,27 (5)
116-121.

[15] 07 By, EAbiE, 55 B TR R AP A g 58 1 )
BRSBTS AL [T]. =5 6k 2 4, 2016, 33
(5): 1125-1131.

[16] DE CARVALHO J, LOSSIE M, VANDEPITTE D, et al.
Optimization of filament-wound parts based on non-geodes-
ic winding[ J |]. Composites Manufacturing, 1995,6 (2) :
79-84.

[17] KIM C U,KANG J H,HONG C S, et al. Optimal design of
filament wound structures under internal pressure based on
the semi-geodesic path algorithm [ J ]. Composite Struc-
tures,2005,67(4) . 443-452.

[18] LIANG C C,CHEN H W,WANG C H. Optimum design of
dome contour for filament-wound composite pressure ves-
sels based on a shape factor[ J]. Composite Structures,
2002,58(4) . 469-482.

[19] TEW B W. Preliminary design of tubular composite struc-
tures using netting theory and composite degradation fac-
tors[ J]. Journal of Pressure Vessel Technology,1995,117
(4) : 390-394.

[20] BRigll. FAKE ZEpLsct SO M. Jbat: 590
HipAE: 1992,

[21] Jaf, EaEWE. L He g 581 01 25 a5 2 Sk Be i 10 2% 23 B
[J]. MLmkiil v ,2010,48(8) . 39-41.



