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 Abstract
• The strain-life fatigue method is generally preferred for military aircraft landing gear fatigue life 

predictions because at the higher strain levels they experience, the stress-life fatigue method 
breaks down. The strain-life fatigue method requires strain controlled fatigue testing over a range of 
strain amplitudes and wide range of fatigue cycles to failure, followed by characterisation to fit 
parameters for the Ramberg-Osgood-Neuber cyclic plasticity model and Coffin-Manson-Basquin
strain-life model. A minimum of 25 fatigue tests are recommended to characterise baseline material 
fatigue performance for a full range (102 to 107 cycles) equally biased low to high cycle strain-life 
curve.

• The Ksur method for surface treatment factors models the fatigue effect of a surface treatment with 
a single Ksur parameter to adjust the slope of a stress-life fatigue curve in the high cycle region. This 
method was originally derived for stress-life fatigue curves and assumes that surface effects are 
mostly confined to the high cycle fatigue region. It is reasoned that under high cycle fatigue 
loading, the applied loads are relatively low and localised fatigue initiation sites are dependent on 
the surface condition. Fatigue testing can be reduced to a minimum of 12 because there is only a 
single Ksur factor parameter to fit, and tests can be biased for results in the mid to high cycle fatigue 
region.

• This presents how strain-life fatigue parameters can be combined with Ksur surface treatment 
factors, including sample results and fatigue methodology validation.

Fatigue methodology for combining surface treatment 
factors in strain-life fatigue
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 About the presenter, Dr. Andrew Halfpenny, Director of Technology – nCode Products, HBK

• Dr. Halfpenny has a PhD in Mechanical Engineering from University College London (UCL) and a 
Master’s in Civil and Structural Engineering. With over 25 years of experience in structural dynamics, 
vibration, fatigue and fracture, he has introduced many new technologies to the industry including: 
FE-based vibration fatigue analysis, crack growth simulation and accelerated vibration testing. He 
holds a European patent for the ‘Damage monitoring tag’ and developed the new vibration standard 
used for qualifying UK military helicopters.

• He has worked in consultancy with customers across the UK, Europe, Americas and the Far East, and 
has written publications on Fatigue, Digital Signal Processing and Structural Health Monitoring. 
He sits on the NAFEMS committee for Dynamic Testing and is a guest lecturer on 
structural dynamics with The University of Sheffield.
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Strain-life Testing

 Conducted at the AMCT Facility (HBK)

▪ Fully reversed uniaxial strain – ASTM E606

▪ Strain-control maintained for entire test

▪ Field’s metal pot for specimen alignment

 Specimen Fabrication

▪ Baseline (ideal) specimens longitudinally polished

▪ Surface treated specimens fabricated to USAF landing gear specs

Fatigue Test Setup

Extensometer

Field’s Metal

Longitudinal Polish

Baseline (Ideal) Specimen Surface Treated Specimen (Chrome)
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Cyclic & Fatigue Parameters
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Hydraulic actuator

LVDT 
displacement transducer

Field’s metal pot /
Hydraulic wedge grips

Load cell
Laser/clip gauge 
extensometer 
for EN testing

Specimen

Test frame & fixtures

Hydraulic 

input

Logger

Controller

Load Disp

Strain

20% load drop
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Cyclic & Fatigue Parameters
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20% load drop
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Cyclic & Fatigue Parameters – EN characterisation analysis

1. Plot Total strain amplitude 𝜖𝑡 vs. reversals 
to failure 𝑁𝑟 for the specified load-drop.

2. Fit plastic line using plastic strain 𝜖𝑝

𝜖𝑝 = 𝜖𝑓
′𝑁𝑟

𝑐

3. Fit elastic line using elastic strain

𝜖𝑒 =
𝜎𝑓
′

𝐸
𝑁𝑟
𝑏

4. Parameter re-optimisation

𝜖𝑡 =
𝜎𝑓
′

𝐸
𝑁𝑟
𝑏 + 𝜖𝑓

′𝑁𝑟
𝑐

5. Outlier analysis

Plastic strain 𝜖𝑝

Total strain 𝜖𝑡

Elastic strain 

 𝜖𝑒 = 𝜖𝑡 − 𝜖𝑝
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Cyclic & Fatigue Parameters – Uncertainty Quantification

Deterministic design approach:
Design curve(reliability % : confidence %)

• Reliability statistic:
(acceptable number of failures)

˗ 50% (mean expected life)

˗ 95% (5 failures in 100)

˗ 97.7% (2 sigma)

˗ 99% (1 failure in 100)

• Confidence statistic:
(sensitivity to sample size)

˗ 50% (mean expected life)

˗ 90 – 95% (typical design curves)

Regression curve (50:50)

Design curve (97.7:95)

4− 2− 0 2 4

Standard Deviations
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 Baseline curve (5 parameters)

▪ 25 data points, fully reversed strain (R=-1)

▪ High & low-cycle characterization

 Surface treatment test data

▪ 12 data points, fully reversed strain (R=-1)

▪ Focused on high-cycle fatigue

 Attributes of Ksur

▪ Single parameter treatment characterization

▪ Similar statistical significance to 25-point curve

▪ Compare different treatments on same material

▪ Compare same treatments on different material

▪ Assumes treatment effects greater at high cycles

Lo
g 

St
ra

in
 A

m
p

lit
u

d
e 
𝜀 𝑎

𝜀𝑓
′

𝜎𝑓
′

𝐸

𝑐

𝑏

Plastic line Elastic line

𝑏′

𝑁𝑒

𝜀𝑏

𝜀𝑏′
Baseline curve
Treatment curve

𝜀𝑎 = 𝜀𝑓
′(𝑁𝑟)

𝑐+
𝜎𝑓
′

𝐸
(𝑁𝑟)

𝑏

endurance limitLog Reversals to Failure 𝑁𝑟

𝐾𝑠𝑢𝑟 =
𝜀𝑏′

𝜀𝑏
= 𝑁𝑒

𝑏′−𝑏

“Knock-down 
factor”
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kSUR Numerical calculations
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 Ksur is a function of b’, b, and Ne

▪ b’ - slope of elastic line for surface 
treatment curve

▪ b - slope of elastic line calculated with 
baseline (ideal) curve

▪ Ne - selected endurance limit

▪ Does not affect surface treatment 
curve

 b’ calculated iteratively to minimize sum of 
squared residuals (SSR)

▪ Cycles to failure considered dependent 
variable

▪ Equation for SSR must be solved using 
numerical methods

𝐾𝑠𝑢𝑟 = 𝑁𝑒
𝑏′−𝑏

𝑆𝑆𝑅 = ෍

𝑛

𝑙𝑜𝑔 𝑁𝑟,𝐶𝑎𝑙𝑐 − 𝑙𝑜𝑔 𝑁𝑟,𝑇𝑒𝑠𝑡
2
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Treatment curve

𝜀𝑎 = 𝜀𝑓
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From Test Data
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E.g. 7075 – Anodised 
  vs. Polished
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Endurance limit

 No change in stiffness between baseline and treated
 Significant change in high-cycle fatigue life 𝐾𝑠𝑢𝑟 = 0.6801
 Ksur method offers reasonable fit to material
 Endurance (fatigue strength) unmodified by treatment
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E.g. 7075 – Shot peen & Anodised 
  vs. Polished
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 No change in stiffness between baseline and treated
 Little change in high-cycle fatigue life 𝐾𝑠𝑢𝑟 = 0.9468
 Shot peening effectively negates effect of anodising
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