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This dissertation concerns the structural design of medical stent grafts. A new type of an 
innovative stent graft has been developed. Unlike the conventional stent grafts which 
consist of a wire mesh and a covering membrane, the proposed stent graft can be made 
from a single folded sheet of material.  

Firstly, a detailed symmetric design of a foldable cylindrical tube for the new 
stent graft has been presented. Folding is achieved by dividing the structure into a series 
of identical elements with hill and valley folds as in origami (Japanese art of paper 
folding). The folding patterns allow the stent graft to be folded and expanded both 
radially and longitudinally. The relationships among the design of the elements, the 
number of elements in the circumferential and longitudinal directions and the folded 
dimensions of the stent graft have been derived. It has been found that compact folding 
in the radial direction can be achieved by increasing the number of circumferential 
elements. A geometric mismatch during deployment has also been identified. The 
elements have to deform when the structure is expanded. Optimum designs which 
minimise the deformation have been found. 

Secondly, a new stent graft with helical folds has also been designed to improve 
radial strength and ease the deployment process. Helical folds are introduced by 
adjusting the joining position of the two edges of a sheet that had been symmetrically 
jointed in the symmetric design. The relationships among the number of elements in one 
complete circumference of a helix, the helical angle and the radius of the helical type 
stent graft have been established. The locations for the helical folds are optimised for 
easy folding by considering both geometric aspects of folding and the buckling patterns 
of a thin-walled tube under torsion, which are found analytically. 

Thirdly, using numerical analysis of the finite element method (FEM) the strain 
level and overall deformation of the stent graft during deployment has been calculated. 
 Finally, the stent graft has been manufactured to verify the concept. A number of 
prototypes of the stent graft, which are the same size as standard oesophageal and aortal 
stent grafts, have been produced successfully using the same materials as current stent 
grafts of stainless steel and shape memory alloy (SMA) sheets. The patterns of folds on 
the materials are produced by photochemical etching. It has also been demonstrated that 
the SMA stent grafts self-expand smoothly and gradually by a near body temperature.  
 
Keywords: stent graft, structural design, foldable structure, helical structure, geometric 
analysis, numerical analysis, shape memory ally sheet, photochemical etching. 
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Some symbols for the variable s and parameters used in this dissertation are provided 
here. 
 
Capital letters:  
A:   Width of line in the developed photoresist. 
Af:   Temperature of finishing of austenite crystal structure. 
As:   Temperature of starting of austenite crystal structure.  
B:    Width of the line after etching. 
E:  Young’s modulus.  
HA:  Helical lines of a single long fold spirally around the circumference of 

the helical-type cylindrical tube.  
HB:  Helical lines of the helical-type cylindrical tube run diagonally from one 

open end to the other. 

M:  Mean value of y during deployment. 

Mf:   Temperature of finishing of martensite. 
Ms:  Temperature of starting of martensite.  
M*:   B19' martensitic transformation temperature. 
Nyx:  Buckling shear stress. 
L:  Total length of the foldable cylindrical tube.  
L*: Radio of the value of L in the fully folded configuration respect to in the 

fully expanded configuration. 
R: Radius of the specimen after heating.  
R0: Radius of the roller for the bending test. 
Ro1:  Outer radius between node O0 and B of the foldable cylindrical tube.  
Ro2:  Outer radius between node O0 and A of the foldable cylindrical tube. 
Rf:   Temperatures of finishing of R phase martensite crystal structure. 
Ri :  Inner radius between node O0 and O of the foldable cylindrical tube. 
Rs:   Temperature of starting of R phase martensite crystal structure. 
R*: Radio of the value of Ro1 in the fully folded configuration respect to in 

the fully expanded configuration.  
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R*
m:  R phase martensitic transformation temperature. 

U: Undercut. 
 
Small letters: 
d: Etching depth. 

h: Effective thickness of the shell 21/ ν−= th . 

m:  Number of the element in horizontal or circumference directions of the 
foldable cylindrical tube. 

mb: Number of the buckling line of peak folds.  
n: Number of the element in vertical or longitudinal directions of the 

foldable cylindrical tube.  
nA:   Position of the nods at the centre folds of FE model. 
nb:  Slope of the buckling lines. 
nh:  Number of hill folds. 
nt:  Total number of folds.  
nx:  Number of the elements at the groove in the x - axis. 
ny:   Number of the elements at the groove in the y - axis. 
nz:  Number of the elements at the groove in the z - axis.  
nv:   Number of valley folds.  
l :  Length between nodes A and B. 
la:  Length between nodes E2A1and F2B1. 
lo:   original length between nodes A1 and B1 

t:   Thickness of the cylindrical tube.  
y:  Value of (Ro1-Ro2) / l. 
wg:  Width of the groove at the centre of the FE model.  
w:   Displacement in the radial direction under torsion.  
 
Greek letters: 
α1:   Angle, DAO∠ . 
α2:  Angle, DAB∠ . 
βA:   Angle of HA with respect to the horizontal base line. 
βB:   Angle of HB with respect to the horizontal base line. 
δ:  Central angle, 2/0CAO∠ . 
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δb:  Angle between the buckled line and the x - axis. 
ε:  Strain of bended surface. 
φ:  Angle, 2/'oCAO∠ . 
ϕ:  Angle, 'BQO∠ . 

ν:   Poison’s ratio. 
θ:  Deployment angle, 2/ABC∠ . 

iΘ : Angles between the folding line with respect to the horizontal 
.3,2,1 L=i  

θ0:  Deployment angle when the cylindrical tube is fully folded. 
θ1:  Deployment angle when the cylindrical tube is fully expanded. 
ξ:  Angle between the folds between nodes O and B and nodes O and P. 
 
 

 

 




