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* Motivation

* Advanced Corner Crack(s) at Hole Model
 Effective Width for Bearing Loaded Holes
* Online Data

* Material Data on AFMAT
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Motivation

Highlight AFGROW underused features and capabilities that
can provide an immediate benefit to the user

Selection

* Readily available in AFROW
e All necessary data are data
* Can have significantly impact the prediction or provide new

capabilities
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Advance Corner Crack(s) at Hole

Small differences in K Solutions yield large
cumulative differences in fatigue life (!
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Advanced Corner Crack(s) at a Hole
Effect on Fatigue Life ()

* Small cracks in thin sheets: 20-50%

* Small cracks in thick sheets: 25-45%

* Large cracks in thin sheets: 90-300%

e Continuing damage scenario: 125-350%



extech Equivalent Width

Bearing

W Equivalent width: |4 >

Obearing= 0" T

ﬁcrack plane Stress Fraction: [9.6
Obearing

| Filter Compression

Calculator | | Calculate Beanng Siress Fraction

The “equivalent width” is currently only used to
calculate the bearing stress fraction
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* The AFGROW K-Solutions for bearing load were all developed
assuming an “infinite” plate height

* All FEM models used a total plate height =5 x width

* For wide plates, the bearing solution drops off very quickly and
can indicate much longer life for the “infinite” height model
compared to a finite height case *

* Disscussions with Kaylon Anderson, A-10 ASIP. White paper “Modeling Bearing Load in Wide
Panels Using AFGROW” available on the AFGROW Web Page.



LexTech FEM Boundary Conditions

The offset hole was
constrained since
the curve fit
solution was only
possible for the
constrained case
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Teal fringe shows

Oy = P/(w t)
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Stress Distribution 8D Above a Loaded Hole

Stress
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Remote, Reacted Stress from a Neat Fit Fastener

-4.00

Normalized Bearing Stress = W/D

-200 -100 0.00 1.0 2.00

Distance from Centerline (in)
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3.00

4.00

eW/D=4
eW/D=6
eW/D=8
eW/D=10
W/D=12
eW/D=16
®W/D=20
eW/D=24
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Effect of Plate Height for Centered Holes
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0.02

Centered Hole Bearing Betas
Hole Dia. = 0.25 in

0.04 0.06 0.08
Through Crack Length (in)

0.1

0.12
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—a— AFGROW [W=1)

stressCheck (W=1, H=5)
StressCheck (W=1, H=1.5)
stressCheck (W=1,H=1)
stressCheck (W=1, H=0.667)
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Beta

0.7
0.6
0.5
0.4
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0.2
0.1

0.02

Centered Hole Bearing Betas

Hole Dia. =0.25 in

0.04 0.06 0.08 0.1
Through Crack Length (in)
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—a— AFGROW [W=3)

stressCheck (W=3, H=15]
stressCheck (W=3, H=4.5)
stressCheck (W=3, H=3)
stressCheck (W=3, H=2)
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Beta

0.7
0.6
0.5
0.4
0.3
0.2
0.1

Centered Hole Bearing Betas

Hole Dia. =0.25in

0.02 0.04 0.06 0.08 0.1
Through Crack Length (in)
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—a— AFGROW (W=6)
e StressCheck (W=6, H=30)
® StressCheck (W=6, H=0)
@ otressCheck (W=6,H=E6)
@ StressCheck (W=6, H=4)
& StressCheck (W=6, H=2)

0.12

K AFGROW =
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Beta

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.02

Centered Hole Bearing Betas

Hole Dia. =0.25in

0.04 0.06 0.08 0.1
Through Crack Length (in)
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0.12

stressCheck (W=8, H=40)
stressCheck (W=8, H=12)
stressCheck (W=8 H=E8)
stressCheck (W=8, H=4)
stressCheck (W=8, H=2)
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Using an “Equivalent Width” = 12D for Different Finite Heights
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Beta

0.7
0.6
0.5
0.4
0.3
0.2
0.1

Centered Hole Bearing Betas

Hole Dia. = 0.25 in

—g— AFGROW [W=3)

0.02 0.04 0.06 0.08 0.1 0.12
Through Crack Length (in)
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StressCheck (W=3, H=4.5)
StressCheck (W=6, H=4)
StressCheck (W=8, H=4)
StressCheck (W=10, H=4)
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Beta

0.7
0.6
0.5
0.4
0.3
0.2
0.1

K AFGROW =

Centered Hole Bearing Betas
Hole Dia. =0.25in

—a— AFGROW [W=3)
@& StressCheck (W=3, H=2)
® StressCheck (W=6, H=2)
& StressCheck (W=E, H=2)
stressCheck (W=10, H=2)

0.02 0.04 0.06 0.08 0.1 0.12
Through Crack Length {in)
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Offset Hole Comparisons
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Offset Hole Bearing Betas
Hole Dia. =0.25 in

0.8
0.7 . —a—AFGROW [W=2, B=0 5)
06
05 — ® StressCheck (W=5, B=05,
m -
+ 04 v H=25)
® 03 e StressCheck (W=5, B=05,
H=75)
02
® StressCheck (W=5, B=0.5,
0.1
H=5 )
u —
0 002 004 006 008 01 012 @ Swestheck{Ww=s, B=05,

H=3.333)
Through Crack Length (in)
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Offset Hole Bearing Betas
Hole Dia. = 0.25 in

07
0.6 . = AFGROW (W=2, B=0.5)
05 :
3 e StressCheck (W=8, B=0.5,
o 0.4 §
o H=40)
il
=03 ® StressCheck (W=8, B=0.5,
0.2 H=12)
0.1 @ StressCheck (W=8, B=0.5,
H=8)
ﬂ —
0 002 004 006 008 01 0.12 @ StressCheck (W=8, B=0.5,
H=5.333)

Through Crack Length (in)
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Offset Hole Bearing Betas
Hole Dia. =0.25 in

0.7
0.6 = AFGROW (W=2, B=0.5)
0.5 :
' @ StressCheck (W=10, B=0.5,
o 0.4 Hes0)
il
=03 $ ® StressCheck (W=10, B=0.5,
0.2 H=15)
0.1 @ StressCheck (W=10, B=0.5,
H=10)
0
0 002 004 006 008 01 012 ¢ at_’:;smfd‘{“hlﬂ- B=0.5,

Through Crack Length {in)
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& AFGROW - [Predict Datal:1]

2R Ly Bt - 0 ‘NEBH $2BEXS BEW

ﬂ FILE [INPUT EDIT VIEW PREDICT TOOLS REPAIR  INITIATION  WINDOW  HELP

K AFGROW &=

Crack Length vs Life * 0 x b
Single Corner Crack at Hole - Standard Solution |_ X
O <

Crack Length vs. Cycles
A, ;‘\.'1113-:!5

0188

0125

0.0825

1284700 2523400 3754100 5058200
0375

c, c11 //

0281 [ W]

0188

0.0938 %

N
a 1284700 2528400 3784100 B0EEE00

— Width =2
— Width=3
—Width=5
—Width = 10

= Status Crack Length vs Life -Eé Crack Growth Rate Data 4m Repair = Cyclic Stress Strain Curve

Cutput

* 0 X

C Crack size= 017481 Beta Tension= 01352 Beta Compression= 0.1552 R{k]= 0.0000 Rfinall= 0.0000

Delta k=28927e+000 D[)/DN=0.0000e+000
Max stress = 20000 r= 000 2101000 Cpcles Subspectra: 0 Pazz 21011

After a spectium pazs, growth was lazs than 1e-013. Tatal cycles [21017e+008]. Program halked.

E] output

For Help, press F1

Motification List

WM Fnglish
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We are considering an option to use the “Equivalent Width”
for the Bearing K-Solution Calculations
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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
oe 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)

K AFGROW =



r'il I NET
LexTech AFGROW}

Network or Online Access to Material Data -
Advantages

* Provides the same set of material data for all users

e Can not be modified by users

e Easy to implement and manage

e User access can be modified per file or per group of files
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Network or Online Access to Material Data

Materials

=- Matenal List
General
‘.. Data Set

[] Material prop

ies crack direction dependent

OK || Camcel || opty || Ad || Dete || Read || Saw

[ tee |

Copyright 2019 LexTech, Inc.
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Network or Online Access to Material Data —
Download Data Dialog

Download Data File

Description

2014-T& L-T Lab air Sheet
2020-TE51 L-T Lab air Plate
A355-TS Lab Air

A357-T6 LAB AIR. Casting

File Mame

2014-T& L-T Lab air Sheet.lkpx
2020-Ta51 L-T Lab air Plate. lkpx
A356-Ta Lab Air. lkpx

A357-TG LAE AIR Casting.lkpx

Ok | Cancel

Copyright 2019 LexTech, Inc.



LexTech
AFGROW Configuration File

<?xml version="1.0" encoding="utf-8" ?>
<configuration>
<appSettings>

<add key="MaterialLookupListUr!"
value="http://www.afgrow.net/mate value = "Z:\ServerFolders\Material-Data_load\MaterialLookupList.xml“ />

</appSettings>
<custom.settings>
<plugins>
<plugin> Counter_Sunk_Hole_In_Plate.Counter_Sunk_Hole In_Plate Plugin</plugin>
<plugin>VZLUPlugin.VZLUPIluginClass</plugin>
</plugins>
</custom.settings>
</configuration>

Copyright 2019 LexTech, Inc. 10
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Material Configuration File

<?xml version="1.0"?>
-<MaterialFileList>

<MaterialFile location="http://www.afgrow.net/material/" name="2020-T651 L-T Lab air
Plate.lkpx'">2020-T651 L-T Lab air Plate</MaterialFile>

<MaterialFile location="http://www.afgrow.net/material/" name="A356-T6 Lab Air.lkpx">A356-T6 Lab
Air</MaterialFile>

<MaterialFile location="http://www.afgrow.net/material/" name="A357-T6 LAB AIR Casting.lkpx">A357-
T6 LAB AIR Casting</MaterialFile>

<MaterialFile location="http://www.afgrow.net/material/" name="2014-T6 L-T Lab air Sheet.lkpx">2014-
T6 L-T Lab air Sheet</MaterialFile>

</MaterialFileList>



AF IMat = Tabular Lookup da/dN Data

Tabular Lookup da/dN Data

AND +#= ¥ X

Apply

2 Materials I8
g

Z r ALLOY STEELS

Aluminum

STAINLESS STEE!

- TITANIUK ALLOYS

Material Data on AFMAT

E AFGROW =

Material Name Ultimate Young's Coefficent of ; Pul'?son's Upper limit Lower limit Plane Stress Yield Plane Strain Lower \i.ml't 'II:'):rh:sf'\(Uld Upper IiIml't Units
Strength Modulus Thermal Expansion Ratio on da/dN on da/dN Fracture Toughness Strength Fracture Toughness on R shift value on R shift
2324-T30 lab air & HHA L-T 70 10600 1.24E-03 0.33 0.1 1E-09 78 55 39 -0.33 2.5488 07 English
W 70 10600 1.25E-03 0.33 0.1 1E-09 65 52 30 -0.33 27865 0.75 English
W 190 30000 TE-06 0.33 0.01 1E-09 201 180 115 -0.33 5486 07 English
7010-T73651 L-T Plt Lab Air 73 10000 131E-05 033 0.1 1E-09 62 63 34 -033 2.5057 0.8 English
7150-T7751 L-T Lab air Plate 85 10400 1.31E-03 0.33 0.1 1E-09 62 79 30 -033 1.9589 0.75 English
Ti-6AL-4V L-T Lab Air 140 16000 4.9E-06 032 0.1 1E-09 95 130 57 -033 4.2051 07 English
7050-T7451 L-T HHA Plate 75 10400 1.34E-03 0.33 0.01 1E-09 72 65 36 -033 21351 0.75 English
TI-6AL-4Y C-R LAB AIR DISC 160 16000 4.9E-06 0.31 0.01 1E-09 a5 150 45 -033 3.1208 07 English
7475-T7351 L-T HHA Plate 72 10400 1.31E-03 0.33 0.1 1E-09 100 62 45 -033 2.5926 0.75 English
Wg 150 30000 TE-06 0.33 0.01 1E-09 185 120 120 -0.333 42829 0.75 English
Lab air Temp 650
7178-T6 L-T Lab Air Sheet 29 10400 131E-05 033 0.1 1E-09 48 30 25 -033 2.2306 0.72 English
2024-T3 Lab Air L-T &7 10600 1.29E-03 0.33 0.1 1E-09 80 49 33 -033 2475 0.75 English
2618-T851 T-L HHA PLATE 53 10600 1.24E-05 033 0.1 1E-09 52 42 30 -033 27 0.75 English
2024-T3511 Lab Air L-T 70 10600 1.29E-03 0.33 0.1 1E-09 55 52 25 -033 2794 0.75 English
ININ-TAST 1-T | ah =ir Plate a2 1nANDN 1 2A8F-N5 niz ni 1F-NQ 45 7 25 -nd 71 n7s Fralich M
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AF MMat » Tabular Lookup da/dN Data = View Tabular_Lookup dardN Data

Tabular Lookup da/dN Data - 2324-T39 lab air & HHA L-T

z
=1
[
B

Materials

" ALLOY STEELS
¥~ Aluminum

¥ ALUMINUM 2000/6000 ALLOYS
w2014
2020
2024
2090
2091
2124
2219
" 2224
T 2324

2324-T39 lab air & HHA L-T

" 2618

- ALUMINUM 7000/8000 ALLOYS

“ ALUMINUM CASTING ALLOYS

" STAINLESS STEELS

" TITANIUM ALLOYS

I

K AFGROW =

| Download Tabular Lockup file |
General Plot
Res ID R Crientation Condition Heat Treatment
nsM2IAT1ABOI DY 0.1 L-T T39
nsM2IATTABOTET 0.1 L-T T3
nsM2IATTABOT AT 0.1 L-T T39
nsMZIATIABOTCT 0.1 LT T39
nsM2IAT1ABOTBT 0.1 L-T T39
a2dn 4664 0.33 L-T T39
aldn 4665 0.33 L-T T3
aZdn 4666 0.33 L-T T39
Tabular Lockup Parameter Data
Name: 2324-T39 lab air & HHA L-T Units: English
Ultimate Strength: 70 Young's Maodulus: 10600
Coefficent of Thermal Expansion: 1.24E-05 Poisson's Ratio: 0.33
Upper limit on da/dN: 0.1 Lower limit on da/dN: 1E-09
Plane 5tress Fracture Toughness: 78 Yield Strength: 55
Plane Strain Fracture Toughness: 39 Lower limit on R shift: -033
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AF Mat > Test Profile = View Test Profile

Test Profile

K AFGROW =

Materials

¥~ ALUMINUM 2000/6000 ALLOYS

BRI

2014

sa) one

" 2014{2319 FM)
" 20714{4043 FM)
2020

" 2020(ALCLAD)
2021

2024

T 2024[ALCLAD)
" 2024({CLAD)

T 2024-T3
2042

" 2000

- 2000-IN{EXP)

2001

I
j General Specimen Reference Product Test and Data Plot

_

Tabular Lookup Curve Fit to Existing Material da/dN Data

Basic Information

\

Data Source:
Property Type:

Alloy:

Envirenment:

Date:

Humidity:

Kicl (Plain Strain) Low:
Rel:

Ultimate Strength:
Yeild Strength High:

Cendition Heat Treatment:

Additional NASA Data \Llnk to TabUIar data

Fatigue Crack Growth Rate (da/dN vs delta K)
2324
LAE AIR

T30

Heat Nbr:

Kich (Plain Strain) High:
Rch:
Temperature:

Yeild Strength Low:
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AF Iat = Tabular Lookup da/dN Data = View Tabular_Lookup da/dN Data

Tabular Lookup da/dN Data - 2091-T8 T-L HHA PLT&SHT

K AFGROW =

g | Materials B | a2dn 20016 05 L TEHT/275F/12HR
= | v ALLOV STEELS
¥ Aluminurm
Tabular Lockup Parameter Data
¥ ALUMINUM 2000/6000 ALLOYS
Name: 2001-T8 T-L HHA PLT&SHT Units: English
2014
- 3020 Ultimate Strength: a5 Young's Modulus: 10600
2024 Coefficent of Thermal Expansion: 1.24E-05 Poisson's Ratio: 0.33
2090
Upper limit on da/dN: 0.1 Lower limit on da/dN: 1E-09
¥ 2001
Plane Stress Fracture Toughness: 66 Yield Strength: 75
77 2091-T8 T-L HHA PLT&SHT
- 3124 Plane Strain Fracture Toughness: 33 Lower limit on R shift: -0.33
2219 Delta K threshold value: 3.35 Upper limit on R shift: 0.7
2224
o Tabular Loockup da/dN* data R1=0 R2 =105
2618
1E-09 3.55 207
~ ALUMINUM 7000/8000 ALLOYS 5E-00 3551 5075
~ ALUMINUM CASTING ALLOYS
1E-08 3.56 2.095
" STAINLESS STEELS 2608 16 317
T TITANIUM ALLOYS
4E-08 3.75 24z
6E-08 3.98 28
1E-07 441 3.275
2E-07 5.28 El
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daldN

1.000e-1

1.000e-2

1.000e-3

1.000e-4

1.000e-5

1.000e-6

1.000e-7

1.000e-3

Tabular look-up data

Delta K* vs da/dN: 2024-T3 Lab Air L-T

Copyright 2019 LexTech,
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[0.4] a2dn_20263
[0.05] aZdn_20254

[0.4] a2dn_20265

[0.05] a2dn_30168

[0.4] a2dn_30169

[0] a2dn_4189

[0] a2dn_4180

[0] a2dn_4191

[0] a2dn_4182

[0] a2dn_4193

[0] a2dn_4194

[0] a2dn_4195

[0] a2dn_4196

[0.05] aZdn_4200

[0.75] nsM2EAT0ABO1A3
[0.75] nsM2EA10AB01E3
[0.7] nsM2EATIABO1AS

[0.5] nsM2EAT1AB01D2

[0.5] nsM2EATIABOTES

[0.5] nsM2EAT1ABO1G4

[
[0.
[0.
[

0.75] it

E AFGROW =
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