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Non-pneumatic wheel

Tweel
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10  Circular deformable beam (shear beam)

11 Thin deformable spokes
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Fig. 1. Tweel prototype [2]
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4  Elastomer

5 Elastic

6  Tear strength

7  Crosslink

8  Glass temperature (T )
9 Casting
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Fig. 2. Tweel geometric parameters in two-dimensional

view [6]
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Table 2. Thermal and density parameters for the mate-

rial of ring and spoke [6]
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3 Abaqus/Standard

4 Hyperelastic

5 Isotropic

6 Incompressible

7  Strain energy potential
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Table 1. Geometric parameters of non-pneumatic tire [6]
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Table 4. The properties of contact between tread and

ground |[2]
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! Sliding formulation

? Finite sliding

* Discretization method

¢ Tangential interaction property
® Penalty

® Normal interaction property

” The pressure overclosure = hard

SL (g G A Ty Giash -V -Y

Slass (gol3T ax 10 slgils ulwl o ledl jo wgSLT 38le 5 5o
3loolatwl a8 Cewl oals astine (6,85 K0! g (sa g8 oS
Slosn sl 28 Sy 5] g5 5 5390 stsaie & Lo
2las )5 1,8 solaul 0,90 T gom dw iS5 slayledl o g S,
T el 5 3y (S i 0,5 A S50 & laplal ()l
P ot (Saalins BT isu o e lagldl ol caSleas iy pa5
Sl Jl o S 5 5IUT )0 5 03505 oo 18 o0lil 5,50
ol oo ool oaxSe 5 0y et 0,5 A slaldl 5l

Sl ool ool ylid odd (63 ) yiee CTB w0y oSo,f USS jo
aS 0,10 Lgy sl jo Ll # g ccwals bl o HldlA S,
3 okl T Ghls oy ol oo s Ldl BOAYY & S 5o
liwly 50 HLIIYY g by sliwl, jo HLIINY wwls sl
@zl el 00l s LI VVOY @ S j0 a5 aibe Jsb
o el ool LSS des 90 3l a8 Cal oo 2k slassS
5 a5 sl oo Culrs bl o Gl Gl >l g Al

sl 0 e Ll BOO - -+ &y JS

3 3D stress element

4  8-node linear brick, hybrid and hour glass control
(C3D8RH)

5 Dynamic implicit
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Fig. 3. Three-dimensional view of non-pneumatic tire
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Table 3. Properties of the material used in the tread
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Fig. 4. Finite element model of ring, spoke and tread
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Fig. 5. contact between tread and ground
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Fig. 8. Von Mises stress contour for cooling stage
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3 Thermal strain
4  Thermal stress
5 Von Mises stress
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Fig. 11. Fitting the polyurethane curve using the mooney-rivline model
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Fig. 13. Schematic of deformed geometry of spoke
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Fig. 14. Von Mises stress contour for steady state rolling

stage at speed of 60 km/h
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Table 5. Frequency values for the peaks of Figs. 16 to 18
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Fig. 15. Perpendicular distance of the middle node, upper quarter node and lower quarter node from the plane of spoke

b 8 polie —Y-F
OQULL.»‘Lgox JMM,@L;]);M&L@W[S;M&U&
A Jsaz po ol 050 O (sl 5 oad dmloma GugSLT l3dle 5 5

ol 00 w)‘;

0y SUzl oo 5l (ouy 2 (G5 —F-F
05 Glp Gboy cmm p oges salold Jlogel YV IS 0
sebiles .l ouls sy calizie glalizil Loy aws jo gl Sle
0,5 Lol )| saals aiiin o Lo ¥ (slisul jo 550 o 00nlie a5
Fogee 7 glizl sl g 4l 2ol gz ye g0y 4 S Slie
ool S o T (ol Dl sy el el a8l o8l Jlade oyl

2.5

X (mm)

-
T

0.5/

100 150 260 250
Frequency (Hz)

Lo 0,5 @ ba o FFT logei V7 JSCi
Fig. 16. FFT graph of perpendicular distance for the

middle node

yyYyy

ooyliS bald & bgy e (iS5 ,38 polie £ Jguz 40 5 Sl oalds oolo

R PR W

Fohef glilboy mbs-Y-F
Olas op A5l 4 bgpe slajloges Y7 U YY sla st o
U”")‘)f laald L Joyfo u.u.:ij.S ).u)LcLa Y JS» BLE) Sl 00l 00l

YY G Y sl Jsei bald 4 by po wils 13 polic :f Jgus
Table 6. Frequency values for the peaks of Figs. 20 to 22
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Table 7. Frequency values for the peaks of Figs. 24 to 26
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Table 8. Natural frequency values for the first 5 modes
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Table 9. The frequency and amplitude value for the peaks of three types of spokes at FFT diagram
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Fig. 19. Perpendicular distance of the middle node, upper quarter node and lower quarter node from the plane of spoke
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Fig. 22. FFT graph of perpendicular distance for the
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Fig. 23. Perpendicular distance of the middle node, upper quarter node and lower quarter node from the plane of spoke
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Fig. 25. FFT graph of perpendicular distance for the up-
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Fig. 24. FFT graph of perpendicular distance for the
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Fig. 26. FFT graph of perpendicular distance for the lower quarter node
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Fig. 27. Perpendicular distance of the middle node for three types of spokes
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