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ε-N Curve Prediction (Hyst. Loops):

Background…

▪ Dr. Peter Huffman, an SAE FD&E member, has 
developed a method to predict ε-N fatigue life curves.

▪ The only inputs needed are from a single fatigue test 
sample at a “high” strain rate…
• E – Modulus of Elasticity

• K` and n` - Ramburg-Osgood fit of the hysteresis loop

• ε and 2Nf - Coordinate from the test

▪ If proven to be viable, this method could significantly 
reduce the time and cost associated with developing 
this data.



© 2020 Hendrickson USA, L.L.C. All Rights Reserved

CONFIDENTIAL

3

ε-N Curve Prediction (Hyst. Loops):

Background…

▪ Data sets were provided to Dr. Huffman, but they 
were from the final fit of the full test regimen.

▪ A more likely, and favorable, scenario would be to 
supply a hysteresis loop from a single test…
• Choose a stable loop midway (???) through the test.

• Use a test with a reasonable strain level…

 Large or small hysteresis loop?

▪ Derive E, K`, and n` from this data.

▪ Still need to supply the value for 2Nf at this strain 
level.
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ε-N Curve Prediction (Hyst. Loops):

Background…

(𝜎`𝑓/𝜀`𝑓
𝑏/𝑐

)/𝐾` = 1
(b/c)/𝑛` = 1
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ε-N Curve Prediction (Hyst. Loops):

Background…

▪ Compare the curves as a % difference from the final 

known curve.

▪ Compare the parameters between the test and the 

prediction.

▪ These would obviously not be possible in an actual 

situation.
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-5589a – Gr 50…

This data was 

not provided
This loop and point 

was provided
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-5589a – Gr 50…
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-5589a – Gr 50…

Final [H] curve fit and 

95% confidence

(~40% lower life)

Individual tests were 

performed over this 

range of strain
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ε-N Curve Prediction (Hyst. Loop): Dr. H
MAR-5589a – Gr 50…

Prediction from single 

hysteresis loop

UTS Prediction
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-5589a – Gr 50…

Predicted curve is 

within 95% 

confidence interval
Predicted curve is 

very good over the 

entire strain range
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-5589a – Gr 50…

Both curves fit the 

actual test data
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Max Δ occurs at 

very low life
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Max Δ = 12%
Max Δ = 7%
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[H] Test 

Lives Range

Max Δ is small in 

range of interest
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Most of the predicted 

parameters are very 

close to those found with 

the full testing regimen
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Sanity checks 

for [H] data are 

close to “1”
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-4108a – Gr 80…

UTS prediction 

matches 

physical data
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ε-N Curve Prediction (Hyst. Loop): Dr. H
MAR-5589a – Gr 50…

▪ Conclusions…

• To test the method, MAR data was provided to Dr. Huffman…

 MAR-5589a – Gr 50 Plate

 Single hysteresis loop and corresponding 2Nf.

• The predicted curve…

 Matched well (~12%) over the entire strain range.

 Matched very well (~7%) within the normal range of [H] testing.

 Was within the 95% Confidence Interval over the entire strain range.

• The Predicted Parameters…

 Were in general very close to the test predictions.

 The [H] data sanity checks were close to one.
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-4127aR1 – D65-45-12…

This data was 

not provided

These loops and 

points were provided
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-4127aR1 – D65-45-12…

Two loops with different strain levels.

What level of hysteresis is needed for 

a good prediction?
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ε-N Curve Prediction (Hyst. Loop):  Dr. Huffman
MAR-4127aR1 – D65-45-12…

Individual tests were 

performed over this 

range of strain

Final [H] curve fit and 

95% confidence

(~80% lower life)
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ε-N Curve Prediction (Large Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

Prediction from loop 

with larger hysteresis
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ε-N Curve Prediction (Large Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

Predicted curve is 

within 95% 

confidence intervalPredicted curve is very 

good from 500 to 100K 

Reversals
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ε-N Curve Prediction (Large Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

Physical test data
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Max Δ occurs at 

very low life
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Max Δ = -31% Max Δ = -16%
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[H] Test 

Lives Range

Max Δ is small in 

range of interest
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Some predicted parameters are 

not very close to those found 

with the full testing regimen
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Sanity checks 

for [H] data are 

not close to “1”
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ε-N Curve Prediction (Large Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

▪ Conclusions…

• To test the method, MAR data was provided to Dr. Huffman…

 MAR-4127a r1 – D65-45-12

 Large hysteresis loop and corresponding 2Nf.

• The predicted curve…

 Matched somewhat (~31%) over the entire strain range.

 Matched well (~16%) within the normal range of [H] testing.

 Was within the 95% Confidence Interval over the entire strain range.

• The Predicted Parameters…

 Showed some variation.

 The [H] data sanity checks were not close to one.
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ε-N Curve Prediction (Small Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

Prediction from loop 

with smaller hysteresis
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ε-N Curve Prediction (Small Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

Predicted curve is 

not within 95% 

confidence intervalPredicted curve is 

reasonable from 1K to 

40K Reversals
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Test Summary

ε-N Curve Prediction (Small Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

Physical test data
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ε-N Curve Prediction (Small Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

Predicted curve from 

larger hysteresis 

loop is better
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Physical test data
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Max Δ occurs at 

very low life
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Some predicted parameters are 

significantly different from those 

found with the full testing regimen
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Sanity checks 

for [H] data are 

not close to “1”
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ε-N Curve Prediction (Small Hyst. Loop):  Dr. H
MAR-4127aR1 – D65-45-12…

▪ Conclusions…
• To test the method, MAR data was provided to Dr. Huffman…

 MAR-4127a r1 – D65-45-12

 Small hysteresis loop and corresponding 2Nf.

• The predicted curve…

 Was a poor match (~61%) over parts of the strain range.

 Matched reasonably (~31%) within the normal range of [H] testing.

 Was not within the 95% Confidence Interval over parts of the strain 
range.

• The Predicted Parameters…

 Showed significant variation.

 The [H] data sanity checks were not close to one.
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ε-N Curve Prediction (Hyst. Loops):

Dr. Peter Huffman - Conclusions…

▪ The predicted curves, generated from a single high 

strain test, matched the final [H] test data very well 

over the range of interest…

• Within ~30% while the 95% Confidence Interval was much 

larger.

▪ The Predicted Parameters…

• The [H] data sanity checks were sometimes close to one.

• [H] fitting method?

▪ Overall, the results look promising.
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