R (R 330
74 AEROSPACE SHANGHAI(CHINESE &. ENGLISH) 55 37 4 2020 4R 4 M

BERAMESHRISESRAZHIESN

AR KR, BRI, R R
(2 M % F AR 4 2 A1 5 H 4 2 M 730000)

H B AL EZRAREKRAATIO0R F B ASMMZEAMAFRT L, AT E R BEMHREEE
BRI MM BEEMBE, AL Z AR, BE L o2l AiTf L oMA EERE NET L
A B e B A TR T XA AMAESAREL LT FHE, REETE KRS RBIET A AR
MAEHE, FREREN  SNERBTAMO T HENN , LOMHARIEL A TR, ANARABEER
XHBEEH, AN ESEA TREEH, RN, AMBR AR EBEEAREH LV IRAER, AR IR
TR T HEAR@E AW A MR, AL RTRRTAHRE AL SMH & EAMY T REFRELS

R
FEIR: KA AT; T1000 8% ¢F 2 5 &M E A LB
FESES: V4148 MR R A DOI: 10.19328/j.cnki.1006-1630.2020.04.010

Analysis on Mechanical Properties of Ultra-thin Titanium-Lined Composite

High-Pressure Vessels

GU Sendong, SHI Xiaoqiang, XU Tao
(Lanzhou Institute of Physics, Lanzhou 73000, Gansu, China)

Abstract: A T1000 carbon fiber-reinforced composite high-pressure vessel with an ultra-thin titanium liner for
satellite applications is studied. A three-dimensional finite element (FE) model is established based on the elastic-
plastic theory for isotropic materials and the laminated plate theory for composite materials. The displacement, the
strain distribution, and the stress distribution of the metal liner and the laminated composite under different internal
pressure conditions are compared and analyzed, and thus the mechanical properties of this kind of vessels under
different internal pressure conditions are obtained. The validity of the FE model is verified by the pressure test results.
It is shown that, when the internal pressure exceeds the operating pressure of the vessel, the composite vessel mainly
deforms along the axial direction, the ultra-thin titanium liner has both elastic deformation and plastic deformation,
while the laminated composite only has elastic deformation. In addition, the weak point for vessel burst failure is
located in the transitional region between the cylinder and the head of the vessel. Under the action of non-uniform
strain, the vessel is easy to tear and burst along the hoop direction. The research results of the present paper can
provide references for the design and test of ultra-thin lined composite high-pressure vessels.
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Fig.1 Schematic diagram of the composite pressure vessel

structure (unit: mm)
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Fig.2 Structure diagram of the laminated composite layer

on the cylinder
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Tab.l Structure parameters of the laminated composite

layer
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Fig.3 Finite element meshes of the composite pressure

vessel
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Tab.2 Material properties of the composite
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Fig.4 BISO stress-strain curve of TA1 pure titanium

F T A A I LR AR OB Y 1/4 50 70 A7 FROT
WA, D, 52 A BRSO A BR ST 1Y it in ) 2
A5 F A A 2 Tl 0 TEDA 1S B 16 ) T i
XEPR TS, YA AR A3 TG 249 A5 T T 8

2 HERpN G

2.1 BT UHFERIREIIE

AT AT PR T EE L I A3 B T AR T AE
J£ 77 (30 MPa) Ui & 77 (60 MPa) N 8% (LA
mm) 153 A3 FE O, A s 5 s o

0.713E-03
0.001 596

0.002 48
0.003 363

0.042 47

(a) 30 MPa

0.005 13

0.013 965
0.016 895

0.002 246
0.005 176

0.008 106
0.011 035

(b) 60 MPa

5 AEMNETHBSHER

Fig.5 Distribution of the displacement under different internal pressure conditions
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Fig.6 Variation tendencies of the hoop and axial

displacement under different internal pressure

conditions
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Tab.3 Comparison of the simulation and test displacement

results
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Fig.7 Distribution of the equivalent stress under different internal pressure conditions
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Fig.8 Distribution of the total strain of the composite at

the burst pressure
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Fig.9 Distribution of the total strain from the cylinder to
the head
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