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Outline

• Description of HS-90 fatigue test program

• Significance of D/t ratio

• Fatigue life

• Ballooning

• Crack width
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• Crack width

• Fatigue damage accumulation
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Flexor Fatigue Test Machine
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Fatigue Test Parameters

• Test parameters: Tube diameter (D), Tube wall thickness (t), 
internal pressure (p), and bend radius (R)

• Non-dimensional test parameters:
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Fatigue Test Plan 
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Fatigue prediction-Manson Coffin
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Parameter sensitivity

• Manson-Coffin equation has no “thickness” dependence

• Combine D/t and strain into a single a parameter by considering 
strain at the ID surface– reducing independent parameters from 
3 to 2

• Follow up testing of regression residual value dependence on D/t
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Baseline residual value analysis

y = 3E-05x - 0.001

R² = 0.001
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Fatigue prediction

y = 0.249x-1.84

R² = 0.936

y = 0.142x-1.94
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y = 0.142x

R² = 0.941

y = 0.002x-2.66

R² = 0.967

y = 0.001x-2.53
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Comparison Old and New 
Approach

Old 
(Flexor/Achilles) 
HS90 model R2 = 

88.84%

New KNE 
model 

R2 = 92.32%
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Tube diameter growth
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Tube diameter growth
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Tube ballooning
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Tube diameter growth
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Fracture Length

y = 38.70x

R² = 0.682
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Fatigue damage accumulation

Question – Suppose the fatigue life of a 
tube with specified pressure and bend 
radius is 100 cycles. How much fatigue 
life is used after 50 cycles?
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life is used after 50 cycles?

(a) 50% of fatigue life

(b) More than 50% 

(c) Less than 50%

24 October 2013



Hi-Lo fatigue testing

• Tube samples were 2” OD x 0.204” WT HS-90

• Bend radius 42”

• 5 tube samples cycled to failure at 8,000 psi – Average cycles to 
failure NHP

• 5 tube samples cycled to failure at 2,000 psi – Average cycles to 
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• 5 tube samples cycled to failure at 2,000 psi – Average cycles to 
failure NLP

• 5 tube samples cycled NHP / 2 times at 8,000 psi and then cycled 
to failure at 2,000 psi 

• 5 tube samples cycled NLP / 2 times at 2,000 psi and then cycled 
to failure at 8,000 psi 
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Fatigue damage accumulation
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Conclusions

• Fatigue testing and fatigue modeling can defined 
by two independent parameters.

• Manson-Coffin relationship can be extended to 
include hoop stress
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• Ballooning rate (DSPC) appears constant (linear 
ballooning)

• Fatigue accumulation rate appears nearly 
constant (linear fatigue)

24 October 2013



Questions?
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Questions?
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