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Ozone Resistance Just Got Harder

Robert W. Keller (1985) Rubber Chemistry and Technology: July 
1985, Vol. 58, No. 3, pp. 637-652.
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Ozone Attack: static vs dynamic conditions

M. Braden and A. N. Gent (1962) Rubber Chemistry and Technology: Vol. 35, pp. 200-209.
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G. J. Lake and P. B. Lindley, Rubber Chemistry and 
Technology Sep 1966, Vol. 39, No. 4 (September 1966) pp. 
1053-1064

Static Dynamic



Williams Ozone Attack Model

Williams Ind Eng Chem 18 4 369 1926

**MATERIAL

MAT=RUBBER
…
OZONEATTACK_TYPE=WILLIAMS   ozone attack model
TZ=0.1 ! J/m^2 (unprotected rubber)
RZ=0.12E-14 ! m/sec
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Ozone-Critical Strain -> Tz
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𝑇𝑧 = 𝑘𝐸𝜀𝑧
2𝑎

Z. W. Wilchinsky and E. N. Kresge (1974) A Quantitative Test for Ozone 
Resistance of Rubber Vulcanizates. Rubber Chemistry and Technology: 
September 1974, Vol. 47, No. 4, pp. 895-905.
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Materials: NR/EPDM Blends
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NR
EPDM



Experiment setup 

ℎ = 95.25 𝑚𝑚

𝑤 = 25.4 𝑚𝑚

𝑑
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17 𝑚𝑚

• Strain gradient is 
produced by bending. 

• Clamped end: high 
curvature produces 
large bending strain.  

• Free end: low 
curvature produces 
small bending strain



Determining 𝑟𝑧

• Exposure Time = 168 Hours
• 6.05E+5 seconds

• Ozone Concentration
• 100 parts Ozone per hundred million air 

particles

• 𝑟𝑧 =
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑟𝑎𝑐𝑘

𝑝𝑒𝑟𝑖𝑜𝑑 𝑜𝑓 𝑡𝑒𝑠𝑡
𝑚𝑚/𝑠

𝑟𝑧 1 2 3 4

𝑚𝑚/𝑠 3.54E-07 2.99E-07 1.32E-07 0
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Determining εz and Tz
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ℎ = 95.25 𝑚𝑚

𝑤 = 25.4 𝑚𝑚

𝑑 = 2, 3, 4 𝑚𝑚



Effect of Thickness

2mm

3mm

4mm
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Effect of thickness
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𝜀 =
𝑡

2𝑅
𝑅 = 𝐴 + 𝐵𝑡 𝑒 𝐶+𝐷𝑡 𝑋

A=1.55 mm
B=0.1
C=0.0678 1/mm
D=0.0127 1/mm2



Comparison to experimental results
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Material 1
Tz = 0.2 J/m2

Material 2
Tz = 0.1 J/m2

εz, Tz

rz

Material 3
Tz = 0.4 J/m2

Material 4
Tz = 3.0 J/m2



1

Build axisymmetric model and run 
inflation analysis.

Use Symmetric Model Generation and 
Symmetric Results Transfer to create a full 

3D model. Add drum/flat surface. Run 
footprint analysis.

2

Run Steady-State Transport analysis. 
Sweep through the full braking ωb to 
the full traction ωt speed. Calculate 

the free rolling speed ωf

3

Rerun the Steady-State 
Transport at the free 

rolling speed ωf
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5

Import Steady State Transport results to Abaqus Explicit. 
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Run explicit transientTo local model workflow

Sidewall Cracking Workflow – Global



Sidewall Cracking Workflow - Local

1

Build local model by tieing
3D letter geometry to 

membrane model of sidewall 
surface.

2

Run transient global/local 
analysis thru 1 rev with local 
model slaved to global tire 

solution.

3

Ozone / Fatigue Analysis of 
1 rev of strain history on 

local model with Endurica CL

Size: P195/75R17

Inflation: 220 kpa

Load: 85% T&RA 

Steady State Rolling

One Revolution Per Cycle



Fatigue Properties

1 2 3 4

Tc 86.9 13.3 17.0 9.5

Rc 0.00052 0.0017 0.0024 0.037

F0 1.75 2.12 2.03 2.45

T0 0.033 0.020 0.019 0.020

Thank you to Radek Stocek of PRL for the TFA 
measurements.  ISA measurements conducted by 
ACE.

Endurica is the Americas 
distributor for



Life of logo With Ozone
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Mat 1 Mat 2

Mat 3 Mat 4



Life of logo With Ozone
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Mat 1 Mat 2

Mat 3 Mat 4



Life of logo With Ozone
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Mat 1 Mat 2

Mat 3 Mat 4



Summary

• Elastomers containing C=C bonds (NR) are susceptible to ozone attack
• Increasing EPDM fraction decreases rz and increases Tz

• Use the Endurica Ozone test to determine Tz and rz

• Use Endurica CL/DT to simulate combined effects of fatigue and 
ozone attack

• Ensure adequate resistance to ozone attack by simulating letter or 
groove geometry 

• Applications: Tread Groove cracking, Sidewall feature cracking

• Future Work: consider precursor size distribution
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@EnduricaWill

youtube.com/user/endurica

linkedin.com/company/endurica/



Q&A



Abstract

• Tire sidewall durability depends on specifying compounds with 
sufficient resistance to fatigue crack growth and to ozone attack. Here 
the suitability of a series of NR/EPDM blends was evaluated via 
characterization and simulation. Fatigue crack growth properties were 
estimated from measurements of intrinsic strength and tear strength 
made with the Coesfeld Intrinsic Strength Analyzer. Ozone attack 
threshold and rate were obtained via observations of crack 
development following exposure in an ozone chamber. The ozone 
attack measurements also provide information about the distribution 
of crack precursors in each compound. Finally, using FEA-computed 
sidewall strain history for steady rolling, estimates were made of 
sidewall life and likely distribution of cracking.


