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Fig.1 Diagrams of three typical negative Poisson’s ratio structures: (a) concave hexagonal structure, (b) three tangential bar chiral structure, and

(c) diamond perforated structure!®
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Fig.2 Schematic diagram (a) and mesh division diagram (b) of finite

element model
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Table 1 Parameters of finite element model
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— IR FI AN 4 mm A7RS; FEENECD R, AE SR
MR RS HAT, HALRAT ORI AL . SRBORIHEA R
TRLFI-RAAE 3 . AL, SRR T 288 K
i, FERIOHESE, I HAEERN TR AN . i

Geometric parameter Value/mm ZHL.
Total length of model, L 98
Gauge segment diameter, W 6
Chuck diameter, D 10
Chamfer radius, R 17
Fixture length, B 20
Gauge segment length, C 42
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Table 2 Constitutive parameters of nickel titanium alloy subprogram

NiTinol UMAT parameter Value
Initial stress of loading platform, O-S/gVI /MPa 20
Final stress of loading platform, oiM /MPa 100
Transition slope of phase 4, phase M, to martensitic deheated phase My, Cay/MPa-K! 6
Transition slope of martensitic phase M, 4 to austenitic phase 4, Cya/MPa-K! 8.2
Limiting length of phase transformation, & 0.038
Austenite Young’s modulus, £,/MPa 20 000
Martensite Young’s modulus, £,/MPa 13 300
Austenitic Poisson’s ratio, va 0.33
Martensitic Poisson’s ratio, vy 0.33
Start temperature of phase 4 to phase M, conversion, TSAM /K 241
End temperature of phase 4 to phase M; conversion, TfAM /K 258
Start temperature of phase M, 4 to phase 4 conversion, TSMA /K 268
End temperature of phase M, 4 to phase 4 conversion, TfMA /K 288
Thermal expansion coefficient of austenite, aa/x 10°K™! 22
Thermal expansion coefficient of martensite, a/x10° K! 2.2
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Fig.3 Stress-strain curves of tensile loading and unloading process under temperatures from 233 K to 293 K: (a) 293 K, (b) 288 K, (c) 270 K,

(d) 268 K, (e) 260 K, (f) 258 K, (g) 250 K, (h) 241 K, and (i) 233 K
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Table3 Parameters for geometric model of concave-convex stent

Parameter Value
Thickness of concave-convex stent surface, H/mm 0.2
Width of concave-convex stent surface, #/mm 0.15
Inner connection arc chamfer radius, »;/mm 0.45
Outer connection arc chamfer radius, 7,/mm 0.45
Support ring tilt rod length, /mm 2.18
Support ring straight rod length, #/mm 3.92
Tilt bar and horizontal angle, 6/(°) 30
Stent outside diameter, D/mm 10
Total length of stent, L/mm 20.8
4 U1 RS ] 1/8 S AR Number of circumferential support units, N, 8
Number of support turns, N, 4

Fig.4 Circumferential 1/8 plane model of concave-convex stent
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Fig.5 Single circle mesh model of concave-convex stent
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Table 4 Geometric parameter values for concave-convex stents

of A and B group
Independent variable Control group A Control group B
N 6, 8,10, 12 8
hil 1.8 1.8
0/(°) 30 10, 20, 30, 40
r/mm 0.45 0.45

®5 CHDAMOERE/LASKEE
Table 5 Geometric parameter values for convex-convex stents of

C and D group

Independent variable Control group C Control group D
N; 8 8
hl 1.8,2,2.2,2.4 1.8
0/(°) 30 30
r/mm 0.45 0.45,0.6,0.75,0.9
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Fig.6 Assembly drawing of thin-walled cylinder and stent
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Fig.7 Stress cloud maps of concave-convex stent with N.=6: (a) compression stress diagram at 7=260 K, (b) stress diagram during transportation

at 7=310 K, and (c) stress diagram of self-expansion to 8 mm at 7=310 K
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Fig.8 Stress cloud maps of concave-convex stent with N.=8: (a) compression stress diagram at 7=260 K, (b) stress diagram during transportation

at 7=310 K, and (c) stress diagram of self-expansion to 8§ mm at 7=310 K
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Fig.9 Stress cloud maps of concave-convex stent with N.=10: (a) compression stress diagram at 7=260 K, (b) stress diagram during

transportation at 7=310 K, and (c) stress diagram of self-expansion to 8 mm at 7=310 K
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Fig.10 Stress cloud maps of concave-convex stent with N.=112: (a) compression stress diagram at 7=260 K, (b) stress diagram during

transportation at 7=310 K, and (c) stress diagram of self-expansion to 8 mm at 7=310 K
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Table 6 Stress and strain under different V. of concave-convex

R9 MOBTEARE r R ARERIFZN

Table 9 Stress and strain under different » of concave-convex

stent support
N Maximum stress/MPa Maximum strain/x107 r/mm Maximum stress/MPa Maximum strain/x 107
6 344.8 5.35 0.45 512.8 5.68
8 480.3 6.77 0.60 448.9 6.50
10 722.8 7.51 0.75 464.3 6.06
12 932.1 8.17 0.90 512.8 5.68
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Table 7 Stress and strain under different 4/ of concave-convex

stent
h/l Maximum stress/MPa Maximum strain/x 107
1.8 480.3 6.77
2.0 480.2 6.76
2.2 480.5 6.78
2.4 479.0 6.78
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Table 8 Stress and strain under different # of concave-convex

stent
0/(°) Maximum stress/MPa Maximum strain/x107
10 955.8 9.05
20 895.9 8.02
30 480.3 6.77
40 345.6 5.28
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Fig.11 Radial force curves of group A during variation in diameter

of concave-convex stent
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Fig.12 Radial force curve of group A with N, variation at the

termination of self-expansion of concave-convex stent
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Fig.13 Radial force curves of group B during variation in diameter

of concave-convex stent
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Fig.14 Radial force curve of group B with @ variation at the

termination of self-expansion of concave-convex stent
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Fig.15 Radial force curves of group C during variation in diameter

of concave-convex stent
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Fig.16 Radial force curve of group C with A/l variation at the

termination of self-expansion of concave-convex stent
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of concave-convex stent
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Table 10 Material coefficient of straight artery and plaque

Material

, Ci/x10°MPa  Cy/x10°MPa  Cy/x10”° MPa
coefficient
Straight artery 1.05 1.94 1.10
Plaque 4.62 -1.47 4.95
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Fig.21 Straight artery mesh model (a) and plaque grid model (b)
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Table 11 Size parameters for 8 mm concave-convex stent

Parameter Value
Thickness of concave-convex stent surface, H/mm 0.2
Width of concave-convex stent surface, W/mm 0.15
Inner connection arc chamfer radius, 7;/mm 0.6
Outer connection arc chamfer radius, r»/mm 0.6
Support ring tilt rod length, //mm 1.73
Support ring straight rod length, #/mm 1.56
Angle between tilt bar and horizontal direction, 9/(°) 30
Stent outside diameter, D/mm 8
Total length of stent, L/mm 23
Number of circumferential support units, N, 8
Number of support turns, Ny 4
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Fig.22 Assembly drawing of stent-femoral artery

N R X T XN
Y E X XXX AN NN/
A X X X S XA NZANZ7\
WX oL SF K F A NF N\ NS

v
A—w XX

K23 B REER Y RS AR ) 5 RN AR
Fig.23 Stress (a) and strain (b) cloud maps of concave-convex stent

at the termination of self-expansion
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Fig.24 Stress (a) and strain (b) cloud maps of femoral artery with

concave-convex stent at the termination of self-expansion
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Fig.25 Overall displacement cloud map of femoral artery stent after

self-expansion of concave-convex stent
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Structural Design of Negative Poisson’s Ratio NiTinol Stent and Its Performance in
Vascular Support

Chen Xiang'*”, Xiong Lang', Fu Fukang', Lu Sheng'”, Zhao Yang'”, Kang Xi'
(1. School of Advanced Manufacturing Engineering, Chongging University of Posts and Telecommunications, Chongqing 400065, China)
(2. State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China)
(3. State Key Laboratory for Strength and Vibration of Mechanical Structural, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Through user-defined NiTi alloy subroutines, finite element simulations were conducted on concave-convex self-expanding stents
featuring a negative Poisson’s ratio structure. The state and stress evolution during self-expansion were analyzed using the method of controlled
variables under various geometric parameter conditions. The results indicate that the support performance of the concave-convex stent with a
negative Poisson’s ratio structure is significantly influenced by the number of circumferential support units (V) and the angle (¢) between the
inclined rod of the support ring and the horizontal direction. The axial distance of the stent during radial expansion is primarily negatively
correlated with the parameters 4/l and 6. The expansion rate of the concave-convex stent in the diseased femoral artery can reach 90.3%,
surpassing that of existing self-expanding medical stents. This design allows for uniform expansion within the femoral artery, effectively
preventing the occurrence of a narrow middle section with wider ends. Additionally, Goodman fatigue curve analysis and fatigue factor evaluation
were performed, demonstrating compliance with the service life requirements for medical stents China.

Key words: nickel-titanium alloy; concave -convex stent; negative Poisson’s ratio; finite element simulation
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	Value
	NiTinol UMAT parameter
	Initial stress of loading platform, /MPa
	20
	100
	Final stress of loading platform, /MPa
	6
	Transition slope of phase A, phase Mt to martensitic deheated phase Md, CAM/MPa·K-1
	8.2
	Transition slope of martensitic phase Mt,d to austenitic phase A, CMA/MPa·K-1
	Limiting length of phase transformation, ε
	0.038
	20 000
	Austenite Young’s modulus, EA/MPa
	13 300
	Martensite Young’s modulus, EM/MPa
	0.33
	Austenitic Poisson’s ratio, νA
	0.33
	Martensitic Poisson’s ratio, νM
	Start temperature of phase A to phase Mt conversion, /K
	241
	End temperature of phase A to phase Mt conversion, /K
	258
	Start temperature of phase Mt,d to phase A conversion, /K
	268
	End temperature of phase Mt,d to phase A conversion, /K
	288
	2.2
	Thermal expansion coefficient of austenite, αA/(10-6 K-1
	2.2
	Thermal expansion coefficient of martensite, αM/(10-6 K-1
	Control group B
	Control group A
	Independent variable
	8
	6, 8, 10, 12
	Nc
	1.8
	1.8
	h/l
	10, 20, 30, 40
	30
	θ/(°)
	0.45
	0.45
	r/mm
	Maximum strain/(10-2
	Maximum stress/MPa
	r/mm
	Maximum strain/(10-2
	Maximum stress/MPa
	Nc
	5.68
	512.8
	0.45
	5.35
	344.8
	6
	6.50
	448.9
	0.60
	6.77
	480.3
	8
	6.06
	464.3
	0.75
	7.51
	722.8
	10
	5.68
	512.8
	0.90
	8.17
	932.1
	12
	Maximum strain/(10-2
	Maximum stress/MPa
	h/l
	6.77
	480.3
	1.8
	6.76
	480.2
	2.0
	6.78
	480.5
	2.2
	6.78
	479.0
	2.4
	Maximum strain/(10-2
	Maximum stress/MPa
	θ/(°)
	9.05
	955.8
	10
	8.02
	895.9
	20
	6.77
	480.3
	30
	5.28
	345.6
	40
	Value
	Parameter
	0.2 
	Thickness of concave-convex stent surface, H/mm
	0.15
	Width of concave-convex stent surface, W/mm
	0.6
	Inner connection arc chamfer radius, r1/mm
	0.6 
	Outer connection arc chamfer radius, r2/mm
	1.73
	Support ring tilt rod length, l/mm
	1.56
	Support ring straight rod length, h/mm
	30
	Angle between tilt bar and horizontal direction, θ/(°)
	8 
	Stent outside diameter, D/mm
	23
	Total length of stent, L/mm
	8
	Number of circumferential support units, Nc
	4
	Number of support turns, Nv

