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LexTech  Recent Improvements to the AFGROW

Residual Stress Capability

Issues Resolved in AFGROW Release 5.3.3.23 (October 19, 2019)

A Newton Interpolation error was found in the Gaussian integration routine
» Large residual stress distribution slope change at through crack transition

* The part-through crack correction was not being applied properly

* This capability was not available for use with Advanced Models *

* The Classic Newman-Raju K-solution for a corner cracked hole was determined to be ~10 to 15% lower
than the Fawaz/Andersson Advanced Model K-solution. The updated residual stress capability was
subsequently used with the ERSI round-robin residual stress data and the Advanced Model Interface. The
results were compared to the round-robin test results.
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Residual Stress Example

Round-robin analysis conditions

CX Entrance Surface
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Hole

Benchmark Thickness | Width Dla meter Hole Edge Max Stress
Condition#| Materlal Specimen Type {In]} {In]} {In]) Margin Loading [ksl)

1 Mon-CX Baseling 10

4.0

2 2024-T351 2 0.25 4.00 0.50 a L2

3 Non-Cx Baseline = ' = i3 (R=0.1) 10

4 Y ] 25

CX Exit Surface
T i
X

(0,0,0] Location for Residual Stress

“z perpendicular to crack plane”
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Residual Stress Field

126.0

Residual Stress (ksl)
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ledech  AFGROW 2-D Gaussian Integration
Method

Residual Stresses >

AFGROW offers the option to model the effect of rezsidual strezzes on

@ crack growth by reading in a table of residual stresses as a function of
crack length than AFGROW uzes these values to generates a table
of 'Residual Strezs Intenzity Factors' [SIF] .

Sy - walue of a stresz in £ axiz direction;
1 - diztance from the center point of the crack along o™ axis;

Select type of Data
{* Shess " Residual £

Enter stresz and 'r' Generate SIF table uzing
MNurnber of  Sets: |75 El: (e}

Set r S0y | SO |~ =
1 £ 0005% -412 | -43 File
2 0.01 -43 -46.3
3| 002 |-4342 ) -505 Open
4 0.03 -42 -54 S ave
5

nnd | -ans | 58 1M

] Cancel Mo Streszes

For part-through Cracks, the integration
is now performed twice:

Integration is performed first for r <= thickness.
This results in a residual K table for the corner
crack.

Integration is performed again for all integration
points with S(0,r) (a-direction) set to 0.0
(equivalent to a 1-D crack case). This is the
residual K table used after transition to a through
crack.
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Method

Residual Stresses *

AFGROW offers the option to model the effect of residual streszes on

@ crack growth by reading in a table of residual strezzes as a function of
crack length than AFGROW uzes theze values to generates a table
of 'Residual Stress Intensity Factors' [SIF).

S - walue of a stress in £ axiz direction;
r - digtance from the center point of the crack along = o asis;

Select type of Data

¥ Shess " Residual K,
Enter strezs and ' Generate SIF table using
Mumber of Sets: |75 El: (+
~
Set r SrO) | S(Or) |-
15 0.24 -5.42 -60 Fila
16 0.245 -5 -60
17 | 0249 | -475 | -6D Open
18 0.25 -3 -60 S ave
19 0.3 1 585 1Y
0k, Cancel Mo Streszes

Important Note:

Two integration points are needed beyond the
longest crack expected for each integration process.
The Gaussian integration method uses a Newton
polynomial interpolation method that requires two
points ahead of each integration point for valid
results.
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LexTech
Two Points on the Crack Front are Currently Used for the
Advanced Model Residual Stress Implementation

A - Dimension
P
A - Dimension
R
-

—_— o =
C - Dimension C - Dimension

When performing analyses for the ERSI round robin effort, the best correlation was obtained when
mapping the 3-D residual stress field approximately 5 degrees from either free surface.
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Two Points on the Crack Front are Currently Used for the

Advanced Model Residual Stress Implementation

Residual Stress (Ksi)

5 Degrees Inside Free Surface
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Radial Distance from Crack Origin
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Life Prediction Parameters
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Plate Width: 4 in.

Plate Thickness: 0.25 in.
Hole Diameter: 0.5 in.
Hole Offset: 2.0 in.

Crack Length (c): 0.05 in.
Crack Length (a): 0.05 in.

Model
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LexTech Material Data T

ERSI Round Robin L-T Curve Fit

Crack Growth Rate Data
1e+000

2024-T351 Aluminum Plate o L
—R= 0.10
Modulus: 10700 Ksi . /]| s
Poisson’s Ratio: 0.33 //
Ultimate Strength: 66.0 Ksi , /)
Yield Strength: 50.0 Ksi § 1008 ///
Plane Stress Toughness: 80 Ksi Sqrt(in) 1e-006 ///v
Plane Strain Toughness: 32 Ksi Sqrt(in) 1e-007
Rlo -0.25 1e-008 [
Rhi 0.85 e-009 I
1e-010
0.1 1 10 100

AK

Mote: For R = 0.0, Kmax is used instead of Delta K
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1

0.871429

0.742857

0.614286

0.485714

0.357143

0.2285T1

01

Constant Amplitude Loading (R = 0.1, SMF = 25 Ksi)

Applied Loading

0
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lextech  Life Prediction Demonstration

& AFGROW - [Predict Datal:1]

«| FILE INPUT EDIT WVIEW PREDICT TOOLS REPAIR INITIATION  WINDOW  HELP 5 x
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Crack Length vs Life - 0 x

Internal Through Crack - Standard Solution
5 &

Crack Length vs. Cycles

0.05
A, A1

0.0375

HEST Tl 117 Crack Length vs ... ack Growth R pai ic Stress Stra..,

Cutput
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This space for comments
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(SRl 1otification List

For Help, press F1 s English
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Crack Length (inches)
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Results for the C-Direction
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Crack Length (inches)

Results for the A-Direction
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e Discussion/Conclusions ~ EEE-

 The corrected and improved residual stress capability provided
reasonable results for the c-direction

* Using the residual stress distribution mapped to 5 degrees inside
each free surface seems to be a logical approach when using a two
point (elliptical) crack growth prediction

* The use of a two point method does not allow for the prediction of
actual crack shapes that are normally seen in cases with significant
residual stress distributions, but does not require the use of
complex FEMs

* The use of crack 2-dimensional growth rate data (L-T and L-S) may
improve the predictions in the a-direction



