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Applications of Flexible Cellular Materials 3
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i) Airfoil morphing with cellular metamaterials
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iii) Artificial disk with cellular metamaterials
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Energy Efficient Structures (Porous Composite Shear Band) 4
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Energy Harvesting Tires & Wheels 5
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The 29 Annual Meeting and Conference on Tire Science and Technology
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Rolling Resistance of a Non-Pneumatic Tire having
an Elastomer Shear Band

J. Ju (ju@clemson.edy, M. Veeramurthy yveeram@g.clemson.egdu
Joshua D. Summergsimmer@clemson.edluL. Thompsonlpnny@clemson.edy

Clemson Engineering Design Application and Research (CEDAR) Group
Department of Mechanical Engineering, Clemson University
Clemson, South Carolina, Unites States

CEDAR

Clemson Engineering Design Applications and Research



mailto:jju@clemson.edu
mailto:vveeram@g.clemson.edu
mailto:jsummer@clemson.edu
mailto:lonny@clemson.edu

Corporate Average Fuel Economy (CAFE) 7

Passenger car CAFE Standards for each year in miles per gallon (MPG)
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"Automotive Fuel Economy Program: Annual update calendar year 2003
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50% reduction in Rolling Resistance

500 million passenger cars in the world
15,000 mileage per year per car

10.2 Trillion gallon of gas saved in the world
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Background: Pneumatic and Non-Pneumatic Tires 8

Conventional Pneumatic Tirg
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Technical Challenges of Non-Pneumatic Tires (NPT) ¢

Noise control
Ahigh viscoelastic materials

Fatigue resistant design of spokes: Acellular structural design
AFatigue resistant cellular structures

ALight weight cellular structures

A3D cellular structures with proper manufacturing
methods

Fuel efficient shear band design

AMaterial development- a low viscoelastic loss material
AComposite/honeycomb structures for engineering low loss
materials

Traction & Tread Pattern desi
Afor wet and snow conditions ===
Atraction of a terrain tire for military
applications (a bullet proof tire)
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Finite Element (FE) Modeling of a NPT 10

Spoke (PU) Inner ring (High strength steel)

Outer ring (High strength steel)

Shear Band (PU)

depth: 1in (25.4mm) Tread (SBR)/

Plane stress element : Shear band & Trea
Beam element: Spoke, Inner & Outer Ring High stiff solid

CEDiR <4 CLEMSON

UNILWVERSITY




Flow chart of the ABAQUS analysis for RR 11

Given NPT size and
shear band height

Hyperelastic & Viscoelastic Material properties:
PU (Spoke, Shear band) and Rubber (Tread)

! !

Step 1: Loading a vertical force Loading a vertical forc
Step 2: Unloading a vertical force Apply a rolling displacement

\l/ Increase vertical force

Viscoelastic energy loss
(ALLCD in ABAQUS)
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Rubber
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