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Introduction

Background

ANRC and IMP Aerospace recently completed cold
expanded (Cx) hole tests for two locations of the new
7249 Al CP-140 wing (ASLEP)

AThe Life Improvement Factors (LIFs) determined from
these tests were found to be impractical (lab conditions)

AMore realistic LIFs need to be determined to take
advantage of Cx for fleet maintenance application

A Representative of in-service experience and conditions

A Based on testing and modeling

A Considering uncertainties and
variability observed in the field
(manufacturing, loads, etc.)




Introduction
Background

AlIn 2006-2008, NRC developed 3D finite element models
for simulating the cold expansion process

A Analytical Cx RS distributions
A Parametric analysis, what-if scenarios, etc.
A Presented at AFGROW User Workshop 2014
ARecent progress was shown by USAF A-10 and T-38 ASIP
teams, SWRI, APES, ESRD, and TRI/Austin

A Database of experimentally measured Cx residual stress (RS)
distributions (contour method)

A Inputs to analytical models
A Laser metrology that measures the deformation of Cx holes

A Variabilities quantification, quality check (visible surface)



Outline

Introduction

Cold Expansion Simulation (MSC Marc)
Avalidation with USAF CW RS Database

Automatic 3D Crack Growth Simulation (StressCheck)
APreliminary Tool Development

Conclusion and Future Work



Introduction
Current Project

AThe Department of National Defence (DND) and IMP
expressed interest in developing models for crack growth in

Cx RS fields

A Crack growth: StressCheck V10

ARSfield NRC6s cold expatwdi on si mul at
A Validation crack shape / life : IMP and NRC experimental data

ADND-funded Project:fi Val i dati on anewofkr
(CW) Model i ng(20I®17, 5tandate duly 2015)

A Improve and validate methods/tools to determine practical LIFs using
2D and/or 3D simulation

A Validate analytical LIFs with a CP-140 case
A Transfer the technology to a Canadian MRO company (IMP)



Introduction
Analysis Flow-Chart Test Measurements

Variabilities (manufacturing, loading, etc.)

Automated 3D Crack Growth
(StressCheck)

Crack shape
DK along front

RS updates
(growth, relaxation)

da/dN vs. DK \




Cold Expansion (Cx) Simulation

3D Simulations Using MSC Marc S 4 o
APCL: Parameterization, Mandrel ‘ —~—
Automation | ~ —

'_ I _ -
AContact assumed between ‘ Sleeve

nosecap, sleeve, and hole bore -~
/

Plate

ABoundary conditions
representative of FTI process

ABased on model developed by G.
Shi (NRC, 2006-08)



Cold Expansion (Cx) Simulation

Input Parameters for Automated Modeling

AGeometry*: Plate Length, Width, Thickness; Hole diameter (initial,
final), Position, Mandrel Shape, Sleeve Orientation, Thickness, Slit Size

AMaterial: Stress-strain curves
AOther: Friction (Lubrication Condition)

*0Cx defined by geometry parameters
Simulation Sequence
AStep 1: Cold expansion

AStep 2: Remove sleeve
AStep 3: Ream hole
AStep 4: Apply external loads (optional)



Simulation Example: Hoop Stress and Deformation

(Sleeve and Mandrel Shown)

-1.19+003
-1.62+003

-2.06+003

SS_2.49+003

1) Cold Expansion

2) Remove sleeve

3) Ream hole

Hoop Stress
(MPa)

NMC CNC



