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AFGROW Release 5.3 — Highlights

* Release Candidate Availability Date - September 27, 2017

* 64 bit version

e Multilingual support

* Material Database redesign and outgoing data update — more then 2000
new material tests will be loaded. A-10, T-38, NRC and additional Air
Force provided data.

 New downloadable material data in tabular lookup format will available
online

e Spectrum Manager to create and edit spectra included in the release



LI;EXTeCh ..N 3
AFGROW Release 5.3 — New Functionality

 Numerous K-solution changes/enhancements
 Ability to use different material data as a function of spectrum level
e Ability to apply different material data to different crack directions
 Corrosion Effects
= Exfoliation
= Intergranular
= Pitting
« Added a new spectrum format that supports above changes and future
enhancements
e Ability to open read only material data from the network or online
folder. System administrator managed feature.
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AFGROW Release 5.3 — New K-Solution Functionality

e  Option to control the % of the axial load solution that is used to
approximate the out-of-plane bending solution for straight through-
the-thickness cracks:
=  (Classic edge crack
= (Classic double edge crack
=  (Classic through crack
= All advanced cracks where bending was not available with the

exception of crack at slot

* New solution for a corner crack at the countersink knuckle

 Bearing solution for advanced through crack(s) at a hole

 Capability to use the current 2-D User-Defined Beta Model for 2, inter-
dependent through cracks that can be assigned different plate
thickness values = 100%

 Single edge crack model with the finite height — provided by SAFE

« Added global “Constrained” property for advanced model in-plane
bending - only applicable for notch solutions.
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64 Bit AFGROW Performance Test

Advanced double cracked hole with offset

PN

Model Spectrum Time 5.2 (sec) Time 5.3 (sec) Difference
Multipoint FALSTAF 122 90 35.56%
Multipoint Const Amplitude 8 6 33.33%
2 points FALSTAF 73 62 17.74%
2 points Const Amplitude 5 4 25.00%

32 to 64 bit upgrade was sponsored by APES
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Multilingual Support

. Provides ability to have localized strings in AFGROW, like
comments, material names, etc.

e  Supports localized file and folder names
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Network or Online Access to Material Data

Only tabular lookup format right now

* Require modification to the AFGROW configuration file and can be
done only by administrator

* Require a data configuration file that points to all material data files
* Material files need to be in the lkpx (XML based format)

<configurations
<appSettings>
<add key="MateriallookuplListUrl" wvalue="http://www.afgrow.net/material/Materiallookuplist.xml™ />
¢!--<add key="MateriallookuplListUrl"” walue="7:‘ServerFolders\UsersiAlex\XML-Material-Data_ load\Materiallockuplist.xml™ />--3
</appSettings>
<custom.settings>
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Network or Online Access to Material Data

[ "] Material properies crack direction dependent l

oK || cancel || mpy || Add || Deete || Read || Save || Hep |
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Network or Online Access to Material Data —
Download Data Dialog

-
Download Data File

] Description

File Name

2014-T6 L-T Lab air Sheet.lkpx
2020-T651 L-T Lab air Plate.lkpx
A356-T6 Lab Air.lkpx

A357-T6 LAB AIR Casting.lkpx

2014-T6 L-T Lab air Sheet
2020-T651 L-T Lab air Plate
A356-T6 Lab Air

A357-T6 LAB AIR Casting

o]

Cancel J

Copyright 2017 LexTech, Inc.
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Option to Approximate the Thru-Crack Out-of-Plane

Bending Solution

-
Predict Function Preferences

== .

Growth Increment
QOutput Intervals

Output Options
Propagation Limits
Transition Cptions

Lug Boundary Conditions
M| Crack Closure Factor

Eending

The out-ofplane fransverse) bending solution for
imtemal and edge through cracks is approximated u
using the adal load solution multiplied by a bending
comection factor. The default comection factoris ]
bwo-thirds.
| ]
Select

[ Use default comection factor

Comection factor: |0.5

|User defined comection factor value must rmnge
between 1/3amd 2/3 .

QK | Cancel Save Default

(—— e )
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Classic edge crack

Classic double edge crack
Classic through crack

All advance cracks where
bending was not available with
the exception of crack at slot
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New Solution for a Corner Crack at
the Countersink Knuckle

 Based onJody Cronenberger master’s thesis
 Tension loading only

 Solution Space:
u D/T-0.3to 2.6;
= CD (Countersunk Depth)/T - 0.001 to 0.99 (0.15),
= C/T-0.0125(D/T) +0.002 to 2.5(D/T)
u A/C/T-05t0o4
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Using different material data as a
function of spectrum levels

*  Material data will consist of different material “sets”
*  One material “set” is always default

 Material sets can be tagged for different conditions
e  Onlythe Environment “tag” can be used right now

 Applicable only for tabular lookup data, but code infrastructure has been
changed to handle any AFGROW material model if necessary, and requires
only GUI changes

 Spectrum with Environment “tags” applied to a level

e  Must be used with the new XML spectrum format

* New XML tabular lookup data file format

e Ability to use old tabular lookup data files for either growth direction
 The resulting DAX input file is backward and upward compatible
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Applying different material data to
different crack directions

*  Works only with A and C directions (Ct and C direction use the same
material data)

 Applicable only for tabular lookup data, but code infrastructure has
been changed to handle any AFGROW material model if necessary,
and requires only GUI changes

« Cdirection is always the default direction

Will not work with the Advanced multipoint corner crack(s) at a hole
model

e (Can be used in conjunction with the “Using different material data
as a function of spectrum” option

« DAXinput file is backward and upward compatible

 Plugin model changed to handle different material data for different
crack directions
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=8 Material List

[ General
E| Data Set, Temperature: 100
. ..CDirection
. L. ADirection
E] Data Set, Temperature: 200
. ..CDirection
.. A Direction
El Data Set, Temperature: 900
C Direction
.. A Direction

¥ AFGROW %

New Tabular Look-Up Material Dialog Changes

General

Copyright 2017 LexTech, Inc. 16
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=
LexTech New Material Dialog Changes
Material Set Property

Materials ... - . S|

=1 Material List
- General
- Data Set, Temperature: 100

Name: Data Set 1

Input values of Delta_K for da/dM values and up to 10 different Ristress ratio) values. Matrix must have at least two R values and two
da/dM values. Input Detta_Kfor R »= 0, input Kmaxfor R < 0.0

<

A Direction Number of da/dn Sets: 27 E Number of R Sets: 2 E
[=- Data Set, Temperature: 200
. L.C Direction @ R[ 1] R[ 2] - Uttimate Strength: | 66
- A Direction = 01 0.601 Young's Modulus: | 10200
=B D_ata Set, Temperature: 900 da/dN[1] 1.00e-009 2606 138 ; ;
C Direction 2 da/dN[2] 3.00e-000 2636 1.400 Coefficient of Thermal Expansion:  1.25¢-00%
“- A Direction J dafdN[3] | 1.00e008 | 2673 1.503 Poisson's Ratio: |0.33
da/dN[4] | 200e-008 | 2685 166 - Upper limit on da/dN, DADNHI: .01

da/dM[5] 4.00e-008 2729 1.897

da/dN[6] 6.00e-008 2792 2089
dafdN[7] 1.00e-007 2954 2.355 Plane Stress Fracture Toughness, KIC: 82777

Lower limit on da/dN, DADNLO:  1e-005

da/dN[8] 2.00e-007 3.307 2814 Plane Strain Fracture Toughness, KIC: | 3%
da/dM[9] 3.00e-007 3605 3133
da/dM[10] 4.00e-007 3839 3.383
da/dM[11] 6.00e-007 4,209 3744
da/dM[12] 1.00e-006 4781 4,355 Lower limit on R shift (Mzc; D) -0.2
da/dM[13] 2.00e-006 5696 5.218
da/dM[14] 4.00e-006 6873 6.254
da/dM[15] 1.00e-005 8825 8,014
da/dM[16] 2.00e-005 10684 961

Detfta K thresheld value @R=0: 2.831
Yield Strength, YLD : 47

Upper limit on R shift (0, 1) 063

QK Cancel Apply Add Delete Read Save Help

Copyright 2017 LexTech, Inc. 17
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Using Different Material Data for

Materials

[=]- Material List
General

£)- Data Set

----- A Direction

Q)

Different Crack Directions

S

Input values of Delta_K for da/dMN values and up to 10 different Ristress ratio) values. Matrix must have at least two R values and two
da/dM values. Input Delta_Kfor R »= 0, input Kmax for B < 0.0

Copyright 2017 LexTech, Inc.

Name: | 7010-T73651 L-S Pt Lab Air
Number of da/dn Sets: 23 E Number of R Sets: 2
2 R[1] R[ 2] - Ukimate Strength: 72.5
w
. o1 02 Young's Moduius: | 10000
da/dN[1] | 1.00e-009 2109 172 _ T
@ || doreN | 200009 | 2122 1733 -
da/dN[3] | 1.00e-008 2.166 1.783 Poisson’s Ratio: |0.33
da,«'dN[al] 2.00e-008 2,284 1.895 = Upper limit on da/dN, DADMNHI: 0.1
da/dN[5] | 4.00e-008 2542 2126
Lower limit on da/dN, DADNLO:  1e-005
da/dN[6] | 6.00e-008 275 2.305
da/dN[7] 1.00e-007 312 2622 Plane Stress Fracture Toughness, KIC: 62
da/dN[8] 2.00e-007 4 3.368 Plane Strain Fracture Toughness, KIC: 25
dafdNIS| 300007 4 3961 Deta Kthreshold value @R=0: 2299
da/dN[10] | 4.00e-007 5.2 4382
da/dN[1] | 6.00e-007 | 585 4929 Yield Strength, YLD - 63
da/dN[12] | 1.00e-006 6.4 5391 Lower limit on R shift (Max: 0): | -0.33
da/dM[13] | 2.00e-006 705 545 Upperlimit on R shift (0, 1): 065
da/dM[14] | 4.00e-006 8.2 69
da/dN[15] | 1.00e-005 104 8745
da/dM[16] | 2.00e-005 133 11172
QK Cancel Apply Add Read Save Help

Select the C-Direction
sub header to enter
the material data for
the C-Direction
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Material Data from AFMAT Converted to Tabular

Lookup Format in AFGROW
73 Materials Converted, 53 Approved

2000 Series 7000 Series 7000 Series (cont) Steel Nickel-Based Superalloy
F010-T73651 L-T LAB AIR FO75-T76511L-TLHA
2024-T3 L-T LAB AIR SHEET PLATE EXTRUSION 15-5PH H1025 ASTROLOY 901
JO50-T74 L-T LAB AIR 17-4PHH1025 LAB AIR T-L
2024-T351 L-T LAB AIR PLATE FORGING 7150-T7751 LAB AIR PLATE ROUND BAR IN100
2024-T3511 L-T LAB AIR 7150-T77511 LAB AIR INCOMEL 718 C-R LAB AIR
EXTRUTION 7050-T7451 L-T HHA EXTRUSION 300M DISC
F050-T73511 L-THHA F175-T736L-T HHA
2024-T42 L-T LAB AIR PLATE EXTRUSION FORGING 316L fEDD} WASPALOY
7050-T7452 L-T Forging Lab T175-T74L-T LAB AIR
2024-T851 L-T LAB AIR PLATE air FORGIMNG 4340
FO50-T73651 L-T LAB AIR
2124-T851 L-T LAB AIR PLATE Plate 7178-Ta L-T LAB AIR SHEET PH13-EMo-H1000
7050-T74511 L-T LA 7475-T761 L-T LAB AIR
2219-TE7 T-L LAB AIR PLATE EXTRUSION SHEET PH13-8Mo-H1050

7050-T76511 L-T LAB AIR

AS08 T-LPWR H20
FORGING

2324-T39L-T LA & HHA EXTRUSION 7475-T7351 L-T HHA PLATE
7050-T76511 L-TSTW 7475-T7651 L-T LAB AIR
2091-TE T-L HHA PLT & SHT EXTRUTION PLATE
2090-T2& T-L LAB AIR TEE 7475-T7351L-T LAB AIR
EXTRUSION JO75-T76 L-T LHA SHEET PLATE

7075-TE51 L-T LAB AIR Plt
& Extr

X7090-T7EES 5-T GN2 Plate

TOT75-T7351L-T LAB AIR
PLATE

JO075-T73511L-T LABAIR
EXTRUSION
7O075-T6 L-T LAB AIR SHEET

7075-T7651 L-T LHA PLATE

Copyright 2017 LexTech, Inc.
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Material Data from AFMAT Converted to Tabular

Lookup Format in AFGROW

e Will be distributed through AFMAT
* Material data will be in new tabular-Lookup format that is going to be
introduced in AFGROW 5.3

AFGROW | AFMAT

Home Prodwct Reference  Speomen  Test Profile

Online Crack Growth Database
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New Classic Models

e Single corner crack model with finite height

 2inter-dependent through cracks that can
be assigned different plate thickness values

Model | Description of the Corfigurstions | Beta Solution *
n '- Part Through Crack in Pipe Application Defined

r I Through Crack User Defined

r -. Interdependent Through Cracks |User Defined

v . Imtemal Through Crack Application Defined

m | I_ Single Through Crack at Hole Application Defined o

r J I_ Double Through Crack at Hole Application Defined
r I Single Through Crack at a Semicircular Motch  Application Defined
- I - Single Edge Through Crack Application Defined
M { Single Edge Through Crack in a Finite Height ... Application Defined

9/14/2015 Copyright 2016 LexTech, Inc. 21
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Two inter-dependent through cracks
model
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Model Geometry/Dimension
Dialog

Geometry Dimension anad ]

Model dimensions are inttialized to default values at start-up or when a new model
configuration is selected.

Enter specimen dimensions

Width (W) |4 Width 2 (W2): |3
Thickness (T): |TE] Thickness 2 (T2): [0.25

Erter crack dimensions

C Crack Length -C" Direction: |0.1%
[t
- Crack Length-C2' Direction: [0.15

T2

[Load

QK | Cancel Help

Copyright 2017 LexTech, Inc.
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Input | Edit Wiew

Predict

Title

Material
Model

[lj]l] Spectrum

Spectrum Filters

Retardation

P Stress State

ﬁ User-Defined Beta

Environment
Beta Correction
Residual Stresses

K-3olution Filters

Ctrl=|

+  Dialog
3

Enter 'C1' beta sets
Ctrl=P

Mumber of sets:| & _I;I

' lci (o o [cue |
1105 1205 1405 1605
c2n |13 1342 14 1431 1442
c22 |15 1565 159 164 1665
c23 |2 1993 205 2197 2365
c2/4] |22 2151 2251 2434 2678
c25 |25 2423 2523 2791 3176
cz8 |3 2769 2983 331 4
< | 5|
oK | Apply |

Enter 'C2' beta sets

User Defined Beta Dialog

Mumber of sets: |6 _I;I

4 cim (o o [cue |
1105 1205 1405 1605
cal |13 1289 1387 158 1.765
czazl |15 1307 1339 1634 1873
cz3 |2 1308 1432 1707 2086
ca4] |22 1257 1426 1724 2161
casl |25 1276 1418 1728 2234
czel |3 129% 1457 1764 2314

4] | i

Read | Save Cancel |

New Beta table Files are (*.linx)

Copyright 2017 LexTech, Inc.
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Corrosion Effects

d(geometry)/d(time )models: intergranular corrosion
model or exfoliation corrosion modeling.

Requires the time dependent spectrum in the old .st3 or
new .spx format

Only one of two can be used at the same time

Initial crack size (pitting model): Pitting model is not
time dependent, it calculates maximum possible pit size
for a given environment/specified material

Developed under contract with SAFE
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Corrosion - Exfoliation

Require time dependent
spectrum in the old .st3 or
new .spx format

Changes thickness or
equivalent thickness
dimension

Depends on material
properties and humidity

-

Exfoliation Material Loss 22

Material loss (damage) is modeled as a change in thickness {(or equivalent dimensions for
models without a thickness). This is quantified as shown below as a function of time
(seconds) using the user-defined parameters: A', B and Humidity.

Eniter

?a[_nage = Artexp(B-RH) Coefficent (A): | 7.02034e-012
- Tme

Mote: the units for &4 are Coefficent (B): | 644

lengthdzecondz, and Hurmidity

iz exprezszed in decimal format, Humidity % (RH): | 0.55

K | Cancel |

Copyrig

ht 2017 LexTech, Inc.
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Corrosion - Intergranular

Requires time dependent
spectrum in the old .st3 or
new .spx format

Modeled as length from user
defined initial defect size
Not used in crack growth
predictions, but is reported in
the output for reference
purposes

Depends on material and
environment properties

La T
Intergranular Corrosion | I&

Intergranular corrosion (damage) is modeled as a length from a user-defined initial defect
size. [tis quantified as a function of time (seconds) using the parameters: A and N as
indicated below.

This is not used in crack growth predictions, but is reparted in the output for reference
pUrposes,
Enter

damage = At Coeffident (4): |8.60636e-003

t-time
] Coeffident (M): | 0.5
Mote: the units for & are
length/seconds
Initilal defect size: |0

I 0K | Cancel |

Copyright 2017 LexTech, Inc.
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Corrosion - Pitting

This model predicts the maximum pit size possible for 17-4PH, 304L,
and 316 stainless steel surfaces under thin film electrolyte
conditions for the available test data and assumes a hemispherical
pit.

The maximum pit size possible is predicted by coupling the
maximum cathode current (l_,,) available from the thin film
electrolyte with the minimum current (l,,.4.) Needed to grow a
hemispherical pit. Users have the option to choose from five
different concentrations for FeC13 and one concentration for NaCl
for the thin film conditions as indicated above

The maximum pit size may be used to define an initial crack length
for a subsequent life prediction. This will enable users to account for
the total damage accumulated due to pitting corrosion for a given
material and environmental conditions. The upper bound of the
maximum pit radius is set to 0.0394 inches. This is believed to be the
largest pit that one would ever expect to see on a surface

Copyright 2017 LexTech, Inc.
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Corrosion Pitting

Deposition Density: | 5.68533e-006

-5 17-9PH
= ‘f MaCl

“-[] % Concentration: 1,200

-5 304L
- & FeCl3

----- O "T' Concentration: 0,400
----- O T’ Concentration: 0,600
----- O f Concentration: 0,970
----- DT’ Concentration: 1,430
----- [] # Concentration: 2.850

B0 316L
- & FeCl3

----- O "f Concentration: 0,400
----- O T’ Concentration: 0,600
----- O f Concentration: 0,970
----- Df Concentration: 1,430
D # Concentration: 2,860
f NaCI’

“[] # Concentration: 1.200

oK

Cancel |
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Spectrum Manager

W Spectrum Masager - CAlisers\alex\Documents\Visual Studio 20000\Projects\AlgeonDevelopment\Targets\distal.apd _:::_G_m
Ao s
MEER Bt Peesoes | Vs

Sub Spectrums v 3 X Exceedance Pot Sequence Dou Spectrum Data X | PropertesWindow v 8 x|
o tovny 5 ‘c Joee  frm | evcies  |sb Spectnm Hame 1 8= a2 -
4 SubSpectra + 5
T e 2 03452 01825 1 Flight 1 - Spectrum
o Jis 23 03054 01828 1 Flight 1 (o feltal
P ';': 4 03462 01011 | Flight 1 SubSpectrum Label Flight
Flight 3 H
117 2 02236 o101t 2 Flight 1 Description
Flight 4 ¢
118 be) | 02645 01011 1 Flight 1
Fligha & 1 » 5
o j19 % 02236 01011 1 Flight 1
'n | 120 % 03452 01418 1 Flight 1
ight 7 .;
s 2 0 02645 01419 1 Fiight 1 | Wours s Pass 1
R §22 3 02645 0.3011 1 Flight 1 R A=
g 4
g 16 i n 02236 01011 2 Eight 1 R O e e
Fiight 11 e * e TN > Fight 2 Nusmber OF Cycles 17983
125 35 00193 00524 1 Fiight 1 - :
Flight 12 : Max $
Fight 13 | M 02667
Flight 14
Flig 15
Fighe 18
Fiight 17
Flight 1§
Flight 19 4 Prooeities &

I
FalstaM |

Copyright 2017 LexTech, Inc. 29
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Spectrum Manager Overview

Visual spectrum design

Spectrum level reordering

Sub-spectra organized in any user-defined
sequence

Sub-spectra may be placed in the sequence more
than once

Sub-spectra may be re-ordered in the sequence
Spectrum statistics at a glance

Exceedance curve

Sub-spectra tagging for future analysis
Synchronized data views

Spectrum level damage tagging

Spectra normalization/de-normalization
Clipping/Truncation capability

Import data from “old” sub files

Copyright 2017 LexTech, Inc.

PropertiesWindow

~ SubSpectrum

MName

Description

Flight 2

~ Statistics

MNumber Of Levels

Max
Min

MNumber Of Cycles

160
215
0.5505
-0.1033

~ Tags

Humidity

Temperature

| 100

[ 120

Name

Mame of SubSpectrum

30
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