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Keys to Implementation

A Deep Residual Stresses/Self Stressesw_‘are a

Physicsbased Process

Plastic deformation
Local yielding

A Define/Quantify Parameters of In’rluence

Percent expansion
Local stress state
Applied loading (tension or compression dominated?)

A Understand and Quantifgtatistically, Bounds of
Application

More accurate modeling of condition
Ability to more accurately assess risks and benefits




Contour Method

o Do o

- Cut using wire EDM

- Perform alignment, averaging, an(

- Apply final fit surface as boundary

Developed by Prime, M., Hill, M. at Los Alamos Labsl

First Published in 2001
Based upon thB u e ¢ k Superposdion Principle of

Stresses
Composed of 4 Major Steps

: Original Stress

Measure using CMM or laser
profilometer

fitting T Johnson, G. Dissertation

constraints to FEA I -
- SOIVe fOr Stresses W|thin bOdy Idealized Conceptual Implementation of

Contour Method 5



http://www.lanl.gov/contour/pubs.html

~ Sources of Uncertainty in Contol

A Two Main Types of Uncertainty or Error
Randoni three main causes, lack of equipment sensitivity, nc
IN measurement, imprecise definition
Systematic these can not be revealed through statistical
analysis, bulge error, cutting irregularities, metrology
AATwo Types of Random nuUnc
AModel i ngo or AFunctiono un
AnDiIi spl acemento uncertainty

A Root Sum Square Uncertaifty

Urss(x,y) = \/Uzulz)isp(xr y) + UI%/Iodel(x' Y)



Residual Stress Resultkey Parameters

A Data Reduction Key Parameters
Both sides of the holslvedtogethefi lessornlearned
Outliers removed via Modified Thompson Tau method
Knot densityi 4 knots along short side, 4 knots along long sic
34 Order BSplines withinMatlabto fit between hard knot
locations

16 Elements through thickness

A Element typa C3D8IT Incompatible mode eightode brick

A Convergence of mesh based on solution and time

All averages and standard deviations were solved at exact s:

node on each model
A Enables easy calculations of averages and uncertainties



Removing Noise from Data Clou

A How to Determine NnNNoiI seo
Data come with inherent noise from surface roughness, effec
the wire cutting, dust, noise from the measurement device
Outliers removed via Modified Thompson Tau Method

A

High potential to remove data that is valid without a process
removing nNnstatistically sig
Original AFRL code required each point to be removed by ha
and based on Anengineering |

8



- Modified Thompson Tau Methoc

A Uses Hypothesis Testing to Determine Outliers
ASTM Standard E178 provides recommendations for selecti

threshold for outliers
A Threshold setio alpha §) =0.05




Resul ts of AL C

A°'5 Replicates Were Produc
Level in Al 2024 T351, 0.25in Thick, Approx. 0.50inch
Hole Diameter
The nl owo applied 6d9Pm@nsi on
Initial hole diameter = 0.477@.4774in
Mandrel diameter = 0.4684in with sleeve thickness = 0.0120i
Post Cx diameter = 0.48464884in

Avg. post Cx diameter = 0.4878B48835inch
Residual expansion = 2.33234%
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Repeatability Uncertainty

A From Replicate Conditions Each Contour Measureme
was Performed Using Same Parameters
A Uncertainty of Single Standard Deviation from Mean

=
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Residual Stress Results for 202

C3A2-1-2024-T531 Contour of Residual Stresses for "Low" Applied Cx CUxA2-2 - 2024-T531 Contour of Residual Stresses for "Low™ Applied Cx - 4 Knots Short Side 4 Knots Long Side, Alpah= 0.05
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Residual Stress Results for 202
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Average & Standard Deviation

(in}

CxA2 - 2024-T531 Contour Plot of Repeatahility Average Residual Stresses for "Low" Applied Cx
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Resul ts of NnLC

A°3 Repli cates Were Pr oducl
Level in Al 7075T651, 0.25in Thick, Approx. 0.50inch
Hole Diameter

The nl owo applied expansi on
Initial hole diameter = 0.4760@.4769In

Mandrel diameter = 0.4684in with sleeve thickness = 0.0120i
Avg. post Cx diameter = 0.48594862In

Residual expansion = 1.87%92% | ]
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Repeatability Uncertainty

A From Replicate Conditions Each Contour I\/Ieasuremé
was Performed Using Same Parameters
A Uncertainty of Single Standard Deviation from Mean
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