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1. Theoretical models 
(1) Constitutive relationships of composites 

          A multi-layered composite vessel can be considered by three-dimensional 
(3D) stress analysis as a cylindrical part with closed-end conditions. 
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1. Theoretical models 
(2) Failure criteria and damage evolution laws of composites 

          In this research, energy-based CDM models are implemented in the FE 
model to predict the damage of the composite layers. Strain-based Hashin criteria 
for four failure modes are used. 
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(a) Fiber damage 
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Damage evolution laws 

(b) Matrix tension damage 
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(c) Matrix compression damage 
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2. Finite element analysis for vessel 
(1) Determination of the appropriate autofrettage pressure 

Stress analysis for determining the appropriate autofrettage pressure: (a) Maximum fiber stress and 
maximum liner stress at service pressure and minimum burst pressure conditions and (b) Maximum 

liner stress at zero pressure and the fiber stress ratio 

(a) (b) 

Results: Appropriate autofrettage pressure is determined as 45 MPa in order to 
minimize the liner stress and make full use of carbon fibers at service pressure. 
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2. Finite element analysis for vessel 
(2) Progressive failure analysis with autofrettage 

Results: Matrix and fiber damage at different pressure.  

(a) (b) (c) 
Matrix damage at (a) 40 MPa in Step 1, (b) autofrettage pressure in Step1 and (c) 60 MPa in Step 4  JZ
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3. Concluding remarks 
  Matrix damage appears initially at the helical layers but fiber damage appears initially at 

the hoop layers. Besides, most of the matrix damage appears at the helical layers while 
fiber damage at the hoop layers is more severe than at the helical layers. Both matrix 
damage of helical layers and fiber damage of hoop layers evolve from the middle part to 
the ends of the cylinder.  

 By comparison, the damage evolution behaviors of the composite vessel with 
autofrettage are almost consistent with the vessel without autofrettage except the 
unloading process and the repressurization process with the pressure rising from zero 
pressure to the pressure that the value is equal to the autofrettage pressure. At this stage, 
matrix damage remains unchanged and the same as that at the autofrettage pressure. It is 
obvious that matrix damage exists after autofrettage but does not exist without 
autofrettage at the service pressure. 

 Autofrettage process only affects the stress distribution when the internal pressure is 
lower than the value that is equal to the autofrettage pressure. By comparison, although 
the matrix damage remains unchanged during this stage, the aluminium liner stress 
reduces except the low pressure at the beginning and fiber stress increases remarkably. In 
addition, the maximum hoop and axial liner stress with autofrettage reduce significantly 
and appear at both ends of cylinder at service pressure. JZ

USA


	Continuum damage modeling and progressive failure analysis of a Type III composite vessel by considering the effect of autofrettage
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6



