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Residual stress engineering methods for DTA  

Ç Characterize residual stress fields in parts  

ü Residual stress measurements 

ü Residual stress predictions 

ü More complicated than determining applied stress field  

Ç Combine applied and residual stress fields (linear or non -linear)  

Ç Correlate performance under combined stress fields  

ü Remove effects of residual stress in property measurements  
(fatigue crack growth and fracture properties)  
the òreverse problemó (ref: Dale Ball, ASIP Con 2008) 

ü Forecast effects of residual stress on performance  
(fatigue crack growth, residual strength)  
the òforward problem ó 

Ç Todayõs presentation 

ü Describe residual stress measurement methods 

ü Describe coupon-scale experiments 

ü Show correlation of fatigue and fracture data  
Is behavior as expected from combined stress fields?  
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Residual stress background  

Ç Residual stresses play a significant  

role in many failure mechanisms  

ü Examples: fatigue, fracture,  

stress corrosion cracking 

ü Tensile RS Ý decrease performance 

ü Compressive RS Ý increase performance 

ÅOften provided by surface treatments  

 

Ç Residual stresses have a complicated  

distribution to satisfy equilibrium  

ü Residual stresses in all parts are both 

Tensile and Compressive 

ü Example: compressive stress treatments 

ÅCompressive in treatment zone  

ÅTensile outside treatment zone  

ÅCan lead to, e.g., sub -surface crack 

initiation (> 1 mm depth)  

From:  M. J. Shepard, P. S. Prevéy, N. Jayaraman, 

ñEffects of surface treatment on fretting fatigue 

performance of Ti-6Al-4Vò, Proceedings of the 8th 

National Turbine Engine High Cycle Fatigue 

Conference, April 14-16, Monterey, CA, 2003. 

Subsurface 

initiation 1 mm 

Need to understand through - 

thickness residual stress 

variations in coupons and 

components  
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Contour method example  

Ç Cut the part  

üWire EDM typical 

ü Clamp part to rigid backing plate  
 

Ç Measure surface deformation  

ü CMM or laser scanner typical 

ü Measure a grid of points on 

both cut surfaces   

Ç Analyze experimental data  

ü Filter out noise  

ü Average data from both surfaces  

Ç Compute residual stress  

ü FE model 

ü Displacement boundary condition  

EDM cut 

x 

y 

Surface measure 
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LSP Near 

front face  

(KRSNegative) 

LSP Far from 

front face  

(KRS Positive) 

C(T) coupons 

Ç ASTM C(T) coupons 

ü Clad 7075-T6 Al sheet, 4.8 mm thick  
Low-energy, ductile fracture  

ü B = 3.8 mm, W = 50.8 mm, L-T 

Ç Residual stress from Laser Shock Peening  

ü Repeatable, controlled, low cold  
work, deep compression 

ü Applied to both sides  

ü In a square region (23 mm wide)  

Å Near the front face (N)  

Å Far from the front face (F)  

ü LSP intensity varied by layers:  
low (1) or high in (3)  

Ç Five conditions  

ü AM, LSP-1F, LSP-1N, LSP-3F, LSP-3N 

Ç Tests performed  

ü Fracture tests (K-R and FCG) 

ü Measure RS (contour) 

ü Measure KRS (slitting ) 
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Ç Opening stress, on crack plane  

ü LSP 

ÅCompression in peened area 

ÅBalancing tension and bending 

ü AM: rolling 

Ç Good repeatability  
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Contour residual stress measurement  

Thickness -average residual stress  
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e(a) 

Slitting provides K RS(a) and residual stress  

Ç Slitting method gives K RS(a) from strain versus cut -depth data  

ü Using Schindlerõs method for a thin rectangular plate 
Schindler, H.J. and P. Bertschinger. òSome Steps Towards Automation of the Crack 

Compliance Method to Measure Residual Stress Distributions.ó in Proc. 5th Int. Conference 

on Res. Stress. 1997. Linköping. 

 

 

Ç Slitting also provides  

residual stress  
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R-curve, ignoring residual stress  

Ç R-curve tests to ASTM E  561-98 

ü Load vs CMOD data 

Ç Two replicates for each condition  

 

LSP Near 

front face  

(KRSNegative) 

LSP Far from 

front face  

(KRS Positive) 
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R-curve, including residual stress  

Ç Linear superposition  

ü KR,Tot(ĵae) = KR,App(ae-ao)+KRS(ae) 

 

 

LSP Near 

front face  

(KRSNegative) 

LSP Far from 

front face  

(KRS Positive) 
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Crack growth data and prediction  

Ç Constant Pmax (0.98 kN for AM, 2.22 kN for LSP) 

Ç Rapp = 0.1 (ĵK increasing) 

Ç NASGRO Equation with linear superposition for DKtot  

LSP-3N 

AM 

LSP-3N 

AM 
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Ç Can we also achieve good correlation  
in DTA-relevant geometry?  

Ç Material and  geometry  

ü Open hole 

ü 7075 T6 sheet 

ÅClad (C) or Bare (B) 

Å2.03mm thick  

Ç Residual stresses 

ü As-machined (AM) 

ü Split-sleeve cold expanded (CX) 

Å3% interference 

ü Reamed to clean up hole 

Ç Loading 

ü Constant amplitude load 

ü Stress ratios: R=0.1, R=0.5 

As Machined Cold Expanded 

R = 0.1 
B1 

B2 

C1 

C2 

B1 

B2 

C1 

C2 

R = 0.5 
B1 

B2 

C1 

C2 

B1 

B2 

C1 

C2 

8 test variations, 8 replicates 

Similar test program in open hole coupons  
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Contour residual stress measurements  

Ç 2-D residual stress distribution Č thickness -average 

ü 3 coupons measured on both sides = 6 measurements 

ü ± 10% variability in through thickness average 

 Through thickness average 

 stress distribution 

± 10% variability 

Length in (mm)  

Stress in (MPa) 
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Crack growth rate from piecewise log -log fit, ĵKeff  

Ç Literature data from tests of AM 7075 -T6 sheet  

Ç Fit published by Jim Newman  
ÅHudson and Scardina, 

EngngFractMech, v1, 

pp 429-446, 1969 

ÅNASGRO database 

ÅPhillips and Deng, NASA 

RP-1309 

ÅNewman, et al, Fatigue 

Fract of Engng Mater 

and Struct, v23, pp 59-

72, 2000 
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Results for as -machined coupons, R=0.1  

Ç Low variability in crack growth history  
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Results for as -machined coupons, R=0.1  

Ç Good correlation with LEFM prediction  
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Results for cold -expanded, R=0.1  

Ç Greater variability in crack growth history  

ü Factor of 9 spread in lifetime  
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Results for cold -expanded, R=0.1  

Ç Developed weight function solution for single crack from hole 

using FEA and Wu-Carlsson approach  

Ç Good correlation with LEFM prediction (including spread)  
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