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Release 5.04.01.25

* New/Enhanced Advanced Crack At Hole Solutions (combination of a corner crack and through crack at a hole)

e Multi-site Damage solutions

* New width correction for an advanced corner crack(s) at a hole

* New single and double through crack at a hole weight function solutions

* Local material database in tabular-lookup format

* 35 new crack initiation material data sets

e Option to open Tabular Lookup material data file through COM

* Modified output preferences: Add a check box to put output file in the same folder as input file. Allow the for
each output file type to have the same name as an input file

e Option to use plugin from COM

e Better handling life in hours output. Output intervals printed in "hours" if the option to display life in hours is
selected in the Output Intervals tab, the crack length plots are also converted to hours

* Print NASGRO material id in AFGROW output, save NASGRO model id in the AFGROW problem definition file

 Added Correction for a filled, unloaded hole for advanced models

* Added access to retardation metadata via Plug-in Interface

* Added prediction result information to AFGROW output XML file

* Implemented API 579 Stress Intensity Factor Solutions for Cylinders (22 new K models)

* Added CorLAS™ Burst Preassure Model
e Spectrum Manager is included in AFGROW installation
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Combination of a Corner Crack and Through
Crack at a Hole Solution

 Based on Borje Anderson SSHF2017 Database: Straight Shank Hole with crack originating at Faying
Surface

« SSHF2017 Database contains only Corner Crack — Oblique Crack at Hole combination. The Corner
Crack — Through Crack solution was generate by finding a limit value of K for the Oblique Crack, when
its virtual A length goes to infinity

 Corner Crack — Through Crack solution can be used by itself or as a transition model from the Double
Corner Cracks at Hole solution
* Inthe current AFGROW implementation, the solution parameters cover the following range:
— 0.333<R/T<2
— 0.0<A1/T<0.95

— 0.1<A1/C1<10 I L
— 0.01<C1/C2<£6.0

* R/T range will be extended to be between 0.1 and 10 in subsequent releases
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Multisite Damage Solutions (MSD)

Multiple Through Cracks in an Infinite Plate
C Cs

* Axial load case ,F_cﬁ |<_, - |E
* 3 to 9 cracks Multiple Holes in an Infinite Plate (Continuing Damage) ' : | '

Axial and bearing load cases
* Primary and Secondary Crack at the Center Hole

* Single Secondary Crack on Outside of each adjacent hole (2, 4, 6, or
8 holes)

D

Multiple Holes in an Infinite Plate (Multisite Damage) | | | | | | |

Cs Cs |<£>|
* Axial and bearing load cases n n n

* Primary and Secondary Crack at the Center Hole
* Single Secondary Crack on Outside of each adjacent hole (2, 4, 6, or
8 holes) - : c_*l_l‘
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LexTech Width Correction for a Advanced
Corner Crack(s) at a Hole Solution

* The through crack finite width correction is used as the baseline solution for all 3-D finite width corrections
* The 3-D width correction must converge to the 2-D correction as (a/t, a, & c) =2 0 (both directions) and a/t 2 1 (c-

direction only)
* The Width Correction for a=c=0 is the unflawed Kt value for any W/D divided by 3

* AFGROW currently uses the 1986 Newman/Raju width correction (E, ) with a/t = 1 and a modification (F,,,,) to

correct it for W/D <=6

* This has recently been reviewed, and a new correction has been developed
* We would like the correction to apply for W/D >= 1.5

* Thanks to Adrian Loghin and Scott Prost-Domasky for all of their help with FE validation solutions
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Single and Double Through Crack at Hole Weight function
Solutions

Based on Jihwi Kim, Michael R. Hill (Department of Mechanical and
Aerospace Engineering, University of California) paper: “Weight functions
for a finite width plate with single or double radial cracks at a circular
hole” that was published in Engineering Fracture Mechanics and also
presented at AFGROW Workshop 2016
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Single Through Crack at a Hole Weight Function Solution Verification -
Case 1l

Cold Expanded Hole Stress Distribution
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Single Through Crack at Hole Weight Function Solution Verification -
Case 2

Nut Plate Stress Distribution
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Single Edge Corner Crack Weight Function Solution

Based on Glinka, G., PhD, DSc., “Quarter-
elliptical corner crack in a finite thickness
plate — in plane stress distribution”
delivered to LexTech, Inc. as part of the
contract with SAFFD, Inc., Mannheim,
Ontario, Canada

Can be used to model the single edge
corner crack or single corner crack at hole
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Single Edge Corner Crack Weight Function Solution
Validation: Bearing Load Stress Distribution

A plate with a centered hole, under bearing loading with a diameter equal to 0.629922 inches and a width of
6.299216 inches was used to produce the stress distribution. The generated betas were compared to advanced
single corner crack at hole solution in AFGROW.

Bearing Distribution Rough Transition Bearing Distribution Smooth Transition The stress distribution on
the left was initially used to

: calculate the SIF and the
results were not as
expected.

An additional point was
added to the beginning of
the plot to smooth the
transition. This change
significantly improved the
results.

Stress
Stress

Copyright 2022 LexTech, Inc. 10
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Single Edge Corner Crack Weight Function Solution
Verification: Bearing Load Stress Distribution Results

Beta A Values For Bearing loading ® A/C=.2 Afgrow For the majority
r/t=0.5 ® A/C=.4, Afgrow of the WE
07 ¢ A= 5 Atgrow generated beta
0.65 ¢ NE= 8 Algrow the error does
0.6 o e Ao not exceeds 2%.
® A/C=1.2, Afgrow
0.55 o A/C- 14, Afgrow The error
< growth beyond
I ez et 2% at a/t =0.7

® A/C=1.8, Afgrow

and above.

A/C =2, Afgrow

= A/C = .2, Weight Function

0.35
= A/C = .4, Weight Function
0.3 T T T T T T 1 — H .
= A/C = .6, Weight Function
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
aft = A/C = .8, Weight Function

A/C =1, Weight Function

Copyright 2022 LexTech, Inc. 11



W
LexTech

Betac

Single Edge Corner Crack Weight Function Solution
Verification: Bearing Load Stress Distribution Results

Beta C for Bearing loading
r/t=0.5

Copyright 2022 LexTech, Inc.

= A/C = .2, Weight Function
= A/C = .4, Weight Function
= A/C = .6, Weight Function
= A/C = .8, Weight Function
A/C =1, Weight Function
= A\/C = 1.2, Weight Function
® A/C=.2, Afgrow
® A/C=.4, Afgrow
® A/C=.6, Afgrow
® A/C-=.8, Afgrow
O A/C=1, Afgrow
e A/C = 1.4, Weight Function
A/C = 1.6, Weight Function
e A/C = 1.8, Weight Function
A/C =2, Weight Funtion
® A/C=1.2, Afgrow
® A/C=1.4, Afgrow
A/C=1.6
® A/C=1.8
A/C=2

E AFGROW =

For the majority
of the WF
generated beta
the error does
not exceeds 5%.
The error
growth beyond
5% at a/t =0.7
and above.
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Single Edge Corner Crack Weight Function Solution
Verification: Bearing Load Stress Distribution Results

Beta A Values for Bearing Loading ® A/C= 2, Afgrow For the majority
® A/C=.4, Afgrow
e r/t=1 o AlCo 6 Agrow of the WF
) %‘ / ® A/C=.8, Afgrow generated beta
o7 \‘_ ® o A/C=1, Afgrow the error does
® ® A/C=1.2, Afgrow o
0.68 - \0\. @ o AC-14Afgrow not exceeds 8%.
*— . 0 ® / A/C = 1.6, Afgrow The error
3 0.63 \. — o ® ® A/C=1.8, Afgrow growth beyond
£ 0ss — — —e— g Moz 8% at a/t =0.7
2" @ ® ——A/C =.2, Weight Function
0.53 W. ® ®  ——A/c= .4, Weight Function and above.
‘ fL @ ® —e @ ° —_ ——A/C = .6, Weight Function
0.48 - ® O ® e _—9 ——A/C = .8, Weight Function
’ @ PY ® O A/C =1, Weight Function
043 ® ® ~® ——A/C = 1.2, Weight Function
e ® —— A/C = 1.4, Weight Function
0.38 0‘1 0‘2 0‘3 0‘4 0‘5 0‘6 0‘7 0‘8 A/C = 1.6, Weight Function

—A/C = 1.8, Weight Function

aft
A/C =2, Weight Function

Copyright 2022 LexTech, Inc. 13
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Beta C

0.41 ~

0.31 ~

0.21
0.11

0.01

-0.09

Single Edge Corner Crack Weight Function Solution

Verification: Bearing Load Stress Distribution Results

Beta C Values for Bearing loading
r/t=1

e ® °
®
L] e o o —o— 0
- . ——o— & _©

01 0.2 0.3 0.4 0.5 0.6 0.7 0.8

alt
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= A/C = .2, Weight Function
= A/C = .4, Weight Function
= A/C = .6, Weight Function
= A/C = .8, Weight Function
A/C =1, Weight Function
e A/C = 1.2, Weight Function
A/C=.2, Afgrow
A/C = .4, Afgrow
A/C = .6, Afgrow
A/C = .8, Afgrow
A/C =1, Afgrow
e A\ /C = 1.4, Weight Function
A/C = 1.6, Weight Function
e A/C = 1.8, Weight Function
A/C =2, Weight Funtion
® A/C=1.2, Afgrow
® A/C=1.4, Afgrow
A/C=1.6
® A/C=1.38
A/C=2

C e o o o

X AFGROW =

For the majority
of the WF
generated beta
the error does
not exceeds
3.7%. The error
growth beyond
3.7% at a/t =0.7
and above.

14
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Single Edge Corner Crack Weight Function Solution
Verification: Bearing Load Stress Distribution Results

Beta A Values for Bearing loading A/C = 2 Afgrow

For the majority

[ ]
r/t=1.5 ® A/C=.4, Afgrow
0.9 ® A/C=.6, Afgrow of the WF
0.85 _— ¢ A/C=.8 Afgrow generated beta
’ O A/C=1, Afgrow
® () / the error does
0.8 [ ] ® E— 9 ® A/C=1.2, Afgrow
/ o A/C-14 Afgrow not exceeds 6%.
0.75
\‘ ® [ ] / ‘/' A/C=1.6, Afgrow The error
0.7 L ® A/C=1.38, Afgrow
\ {
< ) o— o __—» A= 2. Afgrow growth beyond
§ o \'; —8 @ ° ° ° = A/C =.2, Weight Function 6% at a/t =O7
0.6 t Q O O 5 = A/C = .4, Weight Function a nd a bove.
® ! o C = A/C = .6, Weight Function
0.55 — — - X B o
? O ® ° [ J 9 = A/C = .8, Weight Function
0.5 | ® @ @ L A/C = 1, Weight Function
0.45 ? O o o ® o . 4. = A/C = 1.2, Weight Function
e A\ /C = 1.4, Weight Function
0.4 - - - A/C = 1.6, Weight Function
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

e A/C = 1.8, Weight Function
A/C =2, Weight Function

Copyright 2022 LexTech, Inc. 15
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Single Edge Corner Crack Weight Function Solution
Verification: Bearing Load Stress Distribution Results

Beta C Values for Bearing loading ——A/C=.2, Weight Function
0.8 | r/t=1.5 A/C = .4, Weight Function

For the majority
A/C = .8, Weight Function Of the WF

A/C = 1, Weight Function generated beta
A/C=1.2, Weight Function the error doeS

= A/C = .6, Weight Function

@]
o o ® A/C=.2, Afgrow o
I . ) o A/C- .4 Afgrow not exceeds 5%.
y ® ° "o 4’ ® A/C=.6, Afgrow The error
g = O O O ; Z E - '18' :ffgmw growth beyond
=1, Afgrow
° o C— —® A/C = 1.4, Weight Function 5% at a/t =0.7
® o e . A/C = 1.6, Weight Function and above.
A/C =1.8, Weight Function
L = —— —® A/C =2, Weight Funtion
— =— ® A/C=1.2, Afgrow
—0— —— —& ® ® ® ® A/C=1.4, Afgrow
0 . . : : : : . A/C=16
0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 o A/C=18
aft A/C=2

Copyright 2022 LexTech, Inc. 16
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Single Edge Corner Crack Weight Function Solution
Validation: Axial Load Stress Distribution

A plate with a centered hole, under bearing loading with a diameter equal to 0.629922 inches and a width of
6.299216 inches was used to produce the stress distribution. The generated betas were compared to advanced
single corner crack at hole solution in AFGROW.

Open Hole Stress Distribution

== Open Hole W=6,299216 D=0.629922

Copyright 2022 LexTech, Inc. 17
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Single Edge Corner Crack Weight Function Solution
Verification: Axial Load Stress Distribution Results

Beta A Values For Axial Loading

® A/C=.2, Afgrow F . .
or the majorit
r/t=0.5 ® A/C=.4, Afgrow J y
/ ® A/C=.6, Afgrow Of the WF
3 ® A/C=.8, Afgrow generated beta
© A/C=1, Afgrow the error does
® A/C=1.2, Afgrow t d
~—— / ® A/C=14, Afgrow not exceeds
2.5 —— Y
\ / A/C = 1.6, Afgrow 15%. The error
3 / ® A/C=1.8, Afgrow growth beyond
e — —— =2 Af
: o ® e e 15% at a/t =0.5
2 — F’ A/C=.2, Weight Function
o
L ‘: [ ] ® o e () ‘_: = A/C = .4, Weight Function and above.
6 ——@—— O ® 1 - — o @ = A/C = .6, Weight Function
| ] .i ) ‘U 0 g ® ——A/C=.8, Weight Function
1.5 O o -+ —— O % 1'__7 9 A/C =1, Weight Function
() @ e . .
. —— =
P - 2 A/C = 1.2, Weight Function
e A/C = 1.4, Weight Function
1 4 . . . . . ; ) A/C = 1.6, Weight Function
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 —A/C=1.8 Weight Function
aft

A/C =2, Weight Function

Copyright 2022 LexTech, Inc. 18
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Beta C

Single Edge Corner Crack Weight Function Solution
Verification: Axial Load Stress Distribution Results

Beta C Values for Axial loading
r/t=0.5

Copyright 2022 LexTech, Inc.

= A/C = .2, Weight Function
e A/C = .4, Weight Function
= A/C = .6, Weight Function
= A/C = .8, Weight Function
A/C =1, Weight Function
e A/C = 1.2, Weight Function
A/C=.2, Afgrow
A/C = .4, Afgrow
A/C = .6, Afgrow
A/C = .8, Afgrow
A/C =1, Afgrow
e A /C = 1.4, Weight Function
A/C = 1.6, Weight Function
= A/C = 1.8, Weight Function
A/C =2, Weight Funtion
® A/C=1.2, Afgrow
® A/C=1.4, Afgrow
A/C=1.6
® A/C=138
A/C=2

C e o 0 o0

E AFGROW =

For the majority
of the WF
generated beta
the error does
not exceeds
11%. The error
growth beyond
11% at a/t =0.5
and above.
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Single Edge Corner Crack Weight Function Solution
Verification: Axial Load Stress Distribution Results

A/C=.2, Afgrow

Beta A Values for Axial Loading
A/C = .4, Afgrow . .
A/C = 6, Afgrow For the majority

r/t=1
A/C = .8, Afgrow of the WF
A/C=1, Afgrow generated beta

3.5
A/C=1.2, Afgrow
/ - A/C = 1.4, Afgrow the error does

3
t /“/ A/C= 1.6, Afgrow not exceeds
—— '/O/ ® A/C=18, Afgrow 10%. The error

\

2.5 .
. — A/C =2, Af
= —o oo ‘_././ /C=2, Afgrow growth beyond
° o [ = A/C = .2, Weight Function
= Py —0- o ® ° e = 1 Weinht Funct 10% at a/t =0.6
® ° [ 4____. = A/C = .4, Weight Function
2 #— % O O 8 — o ® = A/C = .6, Weight Function d nd d bove-
O
® 5 o -@® C % O ——A/C = .8, Weight Function
! ® ® ® 4 ] L ] [ ]
® M ®. @) O A/C =1, Weight Function
15 % O ) ® ® -
o [ ] [ = A/C = 1.2, Weight Function
e A /C = 1.4, Weight Function
1 : : : A/C =1.6, Weight Function

a/t A/C =2, Weight Function

Copyright 2022 LexTech, Inc. 20
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Single Edge Corner Crack Weight Function Solution
Verification: Axial Load Stress Distribution Results

Beta C Values for Axial Loading ——A/C= .2, Weight Function —
- r/¥=1 = A/C = .4, Weight Function For the maJO”ty
. . T = A/C = .6, Weight Function of the WF
'\ e A/C = .8, Weight Function

generated beta

o
@) A/C =1, Weight Functi
\ . elg unction the error does

0 — ) e A/C = 1.2, Weight Function
° —_ ° o oy o AC-2Afgrow not exceeds
. 0 ® : : : ° e © AC=.4 Afgrow 10%. The error
. O ~ @ _——® ©® A/C=.6 Afgrow
. ‘\‘ 0 P o ° : A; - Afzrow growth beyond
g '\ S ° J/'/E o Afcor Afgrow 10% at a/t =0.6
! ° ® ® ® 7—4‘ ——— A/C = 1.4, Weight Function and above.
Q\ Y A/C = 1.6, Weight Function
o B ) o [ ] /‘/ e A/C = 1.8, Weight Function
0.5 e ® A/C =2, Weight Funtion
T —o ° ® ® ® ® A/C=12, Afgrow
® A/C=1.4, Afgrow
0 . . . . . . A/C=16
0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 ® A/C=18
a/t A/C=2

Copyright 2022 LexTech, Inc. 21
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Single Edge Corner Crack Weight Function Solution
Verification: Axial Load Stress Distribution Results

Beta A Values for Axial Loading

r/t=1.5

/

3

A/C = .2, Afgrow
A/C = .4, Afgrow
A/C = .6, Afgrow
A/C = .8, Afgrow
A/C =1, Afgrow
A/C=1.2, Afgrow

® @ O ¢ o o o

A/C = 1.4, Afgrow
A/C = 1.6, Afgrow
® A/C=1.8, Afgrow
A/C =2, Afgrow
= A/C = .2, Weight Function
e A/C = .4, Weight Function

(J ® T

® ° ® —— "//'

® ® Y W ° Y °

8 ® ® o ° M) —0

et e —C —0— O O —0
o - 1 = * e e ° °
Oil 012 0.3 014 015 016 0.7 018

aft

Copyright 2022 LexTech, Inc.

A/C = .6, Weight Function
= A/C = .8, Weight Function
A/C =1, Weight Function
e A/C = 1.2, Weight Function
e A\ /C = 1.4, Weight Function
A/C = 1.6, Weight Function
e A/C = 1.8, Weight Function
A/C =2, Weight Function

X AFGROW =

For the majority
of the WF
generated beta
the error does
not exceeds
15%. The error
growth beyond
15% at a/t =0.6
and above.
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= A/C = .2, Weight Function
e A/C = .4, Weight Function
= A/C = .6, Weight Function
= A/C = .8, Weight Function
A/C =1, Weight Function
e A/C = 1.2, Weight Function
A/C = .2, Afgrow
A/C = .4, Afgrow
A/C = .6, Afgrow
A/C =.8, Afgrow
A/C =1, Afgrow
e A/C = 1.4, Weight Function
A/C = 1.6, Weight Function
e A/C = 1.8, Weight Function
A/C =2, Weight Funtion
® A/C=1.2, Afgrow
® A/C=1.4, Afgrow
A/C=1.6
® A/C=1.8

C e o o o

]
LexTech Single Edge Corner Crack Weight Function Solution
Verification: Axial Load Stress Distribution Results
Beta C Values for Axial Loading
3 r/t=1.5
2.5. _—
.\.‘ o S
2 — ; 3 | —
O ® : : o . ®
v O @) O _(.‘7 M
g B M) ° ° _e— 0
o~ ® ° ° ° o___*
—v C - @ /
0.5 g — —- ?_7 T ® ° [ )
0 T T T T r

Copyright 2022 LexTech, Inc.

A/C=2

X AFGROW =

For the majority
of the WF
generated beta
the error does
not exceeds 6%.
The error
growth beyond
7% at a/t =0.6
and above.
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Local Material Database in the Tabular-Lookup format

* Based on AFMAT Raw Data

e Searchable by material name and material
type

e Data can not be modified

 AFGROW can be configured to be used the
database on local computer, network
server or company intranet

* There are currently tabular curve fits for 85
materials in the database are available

X AFGROW =

| Downioad Data File

4 All Matenals
4 ALLOY STEELS
1ONISTEEL L-T STW PLATE
18Ni Maraging L-T
3000 L-T Lab Air Forging
4130 L-T Lab air

4340 180 KsI L-T HHA

4340 L-T 160-180 UTS Pht+Frg Lab ar Temp .

AERMET 100 L-T HHA Forging and Bar
AERMET 100 T-L HHA Forging and Bar
AP| X&0-XT75 Pipeline Steeal
H-11 AUST;T L-T ROUND BAR
4 ALUMINUM 2000/6000 ALLOYS
2014-T6 L-T Lab air Sheet
2020-T651 L-T Lab air Piate
2024-T3 Lab Air L-T
2024-T3 T-L Lab Alr Sheet
2024-T351
2024-T3511 Lab Arr L-T
2024-T851 ab air L-T
2080-T86 T-L Lab alr TEE Extrusion
2061-T8 T-L HHA PLT&SHT
2124-T851 lab air L-T
Z219.T851 L-T Dry air Plate
2219-Ta7 b air T-L
2224-T3511 L-T Lab Air Extrusion
2324-T39 1ab air & HHA L-T

| Tabular Lookup Database, B2 entries

A  Matasial

ALLOY STEELS
ALLOY STEELS
ALLOY STEELS
ALLOY STEELS
ALLOY STEELS
ALLOY STEELS
ALLOY STEELS
ALLOY STEELS
ALLOY STEELS
ALLOY STEELS

ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/8000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2 6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/6000 ALLOYS
ALUMINUM 2000/8000 ALLOYS

Alloy Descnption

Searct e

10NI STEEL L-T STW PLATE
18N Maraging L-T

300M L-T Lab Ar Forging

4130 L-T Lab air

4340 180 Ksi L-T HHA

4340 L-T 160-180 UTS Pit+Frg L
AERMET 100 L-T HHA Forging &
AERMET 100 T-L HHA Forging a.,
AP X60-X75 Pipealine Steal

H-11 AUST;T L-T ROUND BAR

2014-TE L-T Lab air Sheat
2020-T651 L-T Lab air Plate
2024-T3 Lab Air L-T

2024-T3 T-L Lab Alr Sheet
2024-T351

2024-T3511 Lab Air L-T
2024-TBS1 lab air LT

2090-T86 T-L Lab alr TEE Extrusi...
2091-T8 T-L HHA PLT&SHT
2124-T851 lab air L-T

2219-TBS1 L-T Dry air Plate
2219-T87 ladb air T-L

2224-T3511 L-T Lab Air Extrusion

2324-T39 lab air & HHA L-T TestDescript

Cancel
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New Crack Initiation Material Parameter Data

NICREL RASED SHIPER MINYS

Matanal Browser x
Materisl H Froduct G $1  UTS MPy TYSMPa s Npe AAY ELX EGP v K, MFa SIS MPa b EPSF ¢ -
Searct Sameh O Seach JO| Samch [ Seawt D Sewch [ Se PiSe D Se. L Se. [ Sesch )| Sest Se. SO Pise L
* Al Mancss

« ALLOY STEELS
SAE 350120 120 HB As-moetved ) D %0 66 0158 85 8116 206 WO 98
SAE #0150 150 HE Aerocetved Lk <] uS 1000 54 0.1¢ 1000 a2s 008 0.5 {155
SAE 950-180 180 HE Assroceived 575 £50 N5 w 0175 150 1000 008 025 045
SAE 330160 120 HE Maveceived €37 50 1200 54 0.15 1300 1200 018 2% 02
SAE 380-200 200 HD Asmecetred 675 585 1325 63 0135 1350 130 205 15 47
SAE R0.225 25 HE Aamceived €43 59% 1250 &7 0.18 1400 1nn 008S 125 a72
SAT-AISA 1035 Steel Hot-rolled e 250 ™ % oM 1nas 905 a24m 1n 447
SACAISA T3S Steel Quenched L Tenpered 1900 1850 an & 0.5 2500 2650 €13 02 483
SASAIS!H 1005 Stne Hot elled 33 P& 07 77 0255 ns2 8oz 013 037 452
SAE-AIS! 1006 Steed BSHB Hot-rolled s pIE} ke 0.243 1084 -3 0135 087 4%
SATAIS] 1015 Steel BOHE Notnslaed 415 27 75 63 024 1058 % 04 0% 4%
SAE-AIS! 1025 Resd Mot rolled 555 s 1035 & 019% 110 957 406 08 45
SATAIS1 1050 Reed 128HE Hot volled and P w4 L] 0.2 1430 £ 018 o1 025
SAE-A51 1045 Stmed Hot-roled 671 327 1061 u 206 02 1402 1055 011 0s2 054
SASAIS] 1045 Stee S0HE Quancehed & Temger . 1525 1638 b7 g} 5 P06 013 2630 2185 008 022 (166
SAE-AJS! 1045 Stess 225H8 Annesied 751 516 8 u 03 017 1178 562 €08 05 Q52
SAEAIS! 1980 Sed INA0HE Quenched A Tenpered 1328 1es 1658 k) 04 0138 As2 1850 oms 0&s 082
SAE-AISI 1380 Steed CIHE Austempersd 1345 7% 1645 » 204 021 nmw 234 a1 051 {58
SASAIS1 4130 Qe I 3TIHE Quenched A Tenpered 1426 1397 s L2 199 012 1837 ™ 0.02 0&4 {£8
SAZ-AI51 4120 Steed Z5/265H8. Quenched & Tenpered 895 7 1415 67 2290 0.13 1359 1273 .02 15 472
SASAIS! 340 Qedd Z37/247THE Hot colled 8% L] 1088 a3 192 017 13284 12X 01 0.5 4156
SAE-AISH 4340 Steet B0HE Quenchad § Tenpered 1206 1140 1750 57 199 DAL 1862 56 194432 21 2 47
SAEAIS £330 Reed 400HE Quenched & Tempered 1457 17t 1567 k] 199 0.13 1550 1858 oo 087 084

4 ALUMINUM 1100 ALLOYS
1004 2HE Ao recerved 1m0 ¥ B7E 905 0188 1M 158 Q052 0487 A&

« ALUMINUM 2000/5000 ALLOYS
14T 115HE Asveceived 511 45 €28 -3 305 0072 ™ 63 001 0229 Q7
24T 12048 488 360 173 b 0 5%0 044 DRRTIEER B R L2
X26TI 120M8 6% 24 128 T3 oM 8002 101253 o1 oA Q52
X84 120H8 STA % E ) 140 k] na 0050 o2 B 00 034 0643
Aoy 6082 348 STA m 2% ] 7 0osr 297 6 40% 105 Q85

¢ ALUMINUM 5000 ALLOYS
SI56411 SENE Agecetred R 25 566 Mue €505 004 6% 702 Q1 02 0655

+ ALUMINLUIM 7000/8000 ALLOTS
NS Te 150H8 560 a0 159 70 01 965.266 13169 Q1% 019 452
nEI; 15018 565 an k< s 008 -t 1050 006 035 {782
NHTES 15048 50 500 ” 0075 310 29 01 05 4515
ST 14018 500 40 160 LY 002 S10Nn2 THa T2 o8 03 07
T75-TNS! 150HB Z a2 84 E) 09N 65 se3 QW 612 1798 .

o] e |
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File Using COM

Option

Explicit

Private
Dim
Set

Dim
Set

Dim
b =

Dim
you
mat

af.
at.

Dim
Dim
Dim
Dim
Dim
Dim
Dim

at.
End Sub

Sub CommandButtonl Click()
af As Afgrow.Application
af = CreateObject("Afgrow.Application™)

at.Visible = True

mat As Afgrow.TabularlLockupMaterial
mat = af.SetTabularLookupMaterial

b As Boolean
mat.OpenFile(Cells(2, 3))

yvoung As Double
ng = mat.dYoungModulus
.dUltimateStrength = 68

ConstAmplitudeSpectrum B#
SMF = 14

Cycles As Double
finalC As Double
finalA As Double
finalCt As Double
finalKc As Double
finalKa Ak Double
finalKct As Double

aft.RunFrozPredict Cycles, finalC, finalKc, finalA, finalKa, finalCt, finalKct

Quit
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LexTech Enhanced Output Preferences

° Ad d a Ch eck bOX tO p ut Predict Function Preferences X

Growth Increment Default File Location

ou t p u t fi | e i N t h e same Sutput intsvils C:\Users\alitv\Documents\afgrow

Print Output to

folder as input file. Output Options 7 Somaen o i

Propagation Limits

o Al |OW the for eaCh Output Transition Op[,ong
. ", Synchronize output files with the input file name and
f| |e type to have the Sa me Lug Boundary Conditions I Iozlzalion P °

Data File Name
Crack Closure Factor

n a m e a S a n i n p Ut fi | e . I;C:\USers\aIitv\Documems\Projects\AFGF out

Bending

[V Plot File [ XML Data File

Plot File Name

§C:\Users\aIitv\Documents\Projects\AFGI pl2

|
far_output

OK Cancel Save Default




L&xtech Option to Use Plug-in Models From com BT -

RunPluginModelAdditions{)

Consist of 3 functions:

= true;
.LoadPlugin("
.S5etP . . .
SetPrope void LoadPlugin(BSTR fileName);
SetProperty(” “ 9.9): boolean SetProperty(BSTR propertyID, VARIANT
.SetProperty(”™ ", 08.3); value);

VARIANT GetProperty(BSTR propertyID);

.GetProperty ("

.ConstAmplitudeSpectrum(©.0);

-RunFrozPredict(

riteline(
.ReadlLine();
Quit();
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Life in Hours Output — What Do We Do with a Time
Dependent Spectrum?

C Crack size= 1089 Beta Tension= 12170 Beta Compression= 12170 R{k)= 0.0000 R({final)= 0.0000 Della k=3.1513e+01 D()/DN=3.0626e-04
Maxstress= 14000 r= 000 57100 Cycles Subspectra: O Pass: 572 Hours: 1142
. C Crack size= 1.1196 Beta Tension= 1.2458 Bela Compression= 12498 R{k)= 0,0000 R{final)= 0.0000 Delta k=3.2816e+01 D()/DN=4.4571e-04
P rl nt hO u rS a nd CVCles Maxstress= 14000 r= 000 57200 Cycles Subspectra: 0 Pass: 573 Hours: 1144
C Crack size= 11642 Bela Tension= 1.2498 Beta Compression= 12498 R(k)= 0.0000 R{final)= 0,0000 Delta k=3.3463e+01 D()/DN=55443e-04
Maxstress= 14000 r= 000 57300 Cycles Subspectra 0 Pass: 574 Hours: 1146
C Crack sizem 12196 Beta Tension= 1.3171 Beta Compression= 1.3171 R{k)= 0.0000 R{final)= 0.0000 Delta k=3.6095e+01 D{)/DN=2.1559e-.03
Chart Property X I Maxstress= 14000 r= 000 57400 Cycles Subspectra 0 Pass: 575 Hours: 1148
General Legend| Series
All Plots
Crack Length vs. Cywclas
i 7 [V Show legend
v ./ [T Black-White plots
—r [T Reverse cycles
EIVEEN

— TN Graph Line
% I T - * Let user decide what to see in the plot view.

- A | * “Crack Length vs. Cycles” graph will be in
" hours only if “Yes” button is checked in and
plots are covetable to hours

[v Yes. when avaliable

OK Cancel Help
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¥ AFGROW 1%

New Life in Hours Output Options

1.28
C,C1
0.962

0.641

0.321 v ———

0 287 574

Internal Through Crack - Standard Solution

Output intervals printed in "hours" if the
option to display life in hours is selected

861

1149

0 Pass: 571 Hours: 1140

Maxstréss w 14000 t= 000 57000 Cydes Subspecira:

C Cracksge= 1069 Befa Tension= 12170 Bata Compression= 12170 R{)= 00003 Rinal= 00000
Maxstress= 14000 r= 000 57100 Cycles Subspectra 0 Pass: §72 Hours 1142

C Cracksze= 1.1196 Befa Tension= 1.2456 Beta Compression= 1.2456 Rik)= 0.0000 R{final}= 0.0000
Max stress = 14000 r= 0.00 S7200 Cydes Subspecirs: 0 Pass: 573 Hours: 1184

C Crack sge= 11642 Beta Tension= 1.2496 Beta Comprezsion= 1.2496 R{k}= 0.0000 R{linal}= 0.0000
Maxstress= 14000 r= 000 57300 Cycles Subspecira 0 Pass: 574 Hours 1146

C Cracksge= 12196 Beta Tension= 1.3171 Beta Compression= 1,3171 R{k}= 0.0000 R{linal)= 0.0000
Maxsiress= 14000 r= 000 67400 Cydes Subspecira: 0 Pass: 675 Hours: 1148

sessssassFracture based on' Kmax' Criterla {current maximum stress)
C Crack sges 12621 Beta Tension= 1.3677 Beta Compression= 1.3677 Riki= 0.0000 R{lnal}= 0.0000
Maxstress = 14000 r= 000 57428 Cycles Subspoctra 0 Pass: 575 Hours: 114858

Siress State in the 'C”" dreclion {PSC): 2
Fraclure has occurred. run time: 0 hour(s) 0minule{s) 1 second(s)
11435800 hours have passed

Defta k=3.1513e+01  D{/ON=3 0525804

Delta k=32816e+01 D{yDN=4 4571e.04

Defta k=33463e+0]  D{/DN=55443e-04

Defta k=3 6095e+01 D{/DN=2 1568e-03

Defta k=3.8429e+01  D{HDN=1.0000a-02

The crack length plots converted to hours
if the option to display life in hours is selected

30



NASGRO Material Model Changes

)
| Material Database Browser

Improved data selection

Material code is
displayed in the output

Material code is saved in
the AFGROW problem
definition file

|
|

|
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L'ngech Prediction Result Information in AFGROW Output
XML file

" spectrum_pass="

" spectrum units="1" spectrum unit name="

mn m
cycles=

" length=] " beta_tension=" " beta_compression=" " deltg k=" _k="0" r_final="@"/>

Prediction
result code

Additional spectrum

Number of cycles
related information

before prediction
stopped

Final length and
additional information
for every crack
direction
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h
APl 579 Stress Intensity Factor Solutions

ID Name Load SDti:::isbution Classic Model Equivalent
5010 | Longitudinal Through Crack In Cylinder (9B.5.1) Pressure 2098
5030 | Circumferential Through Crack In Cylinder (9B.5.3) Pressure 2090
5040 | Infinite Longitudinal Surface Crack In Cylinder (Internal) (9B.5.4) Stress Polynomial
5041 | Infinite Longitudinal Surface Crack In Cylinder (External) (9B.5.4) Stress Polynomial
5060 | Infinite Longitudinal Surface Crack In Cylinder (Internal) (9B.5.6) Stress WF
5061 | Infinite Longitudinal Surface Crack In Cylinder (External) (9B.5.6) Stress WF
5070 | Circumferential Crack In Cylinder (Internal) (9B.5.7) Pressure 2096
5071 | Circumferential Crack In Cylinder (External) (9B.5.7) Pressure 2095
5090 | Circumferential Crack In Cylinder (Internal) (9B.5.9) Stress WF
5091 | Circumferential Crack In Cylinder (External) (9B.5.9) Stress WF
5100 | Longitudinal Surface Crack In Cylinder (Internal) (9B.5.10) Pressure 1091
5101 | Longitudinal Surface Crack In Cylinder (External) (9B.5.10) Pressure 1092
5110 | Longitudinal Surface Crack In Cylinder (Internal) (9B.5.11) Stress Polynomial
5111 | Longitudinal Surface Crack In Cylinder (External) (9B.5.11) Stress Polynomial
5120 | Longitudinal Surface Crack In Cylinder (Internal) (9B.5.12) Stress WF 3030
5121 | Longitudinal Surface Crack In Cylinder (External) (9B.5.12) Stress WF 3040
5130 | Circumferential Surface Crack In Cylinder (Internal) (9B.5.13) Pressure
5131 | Circumferential Surface Crack In Cylinder (External) (9B.5.13) Pressure 1090
5140 | Circumferential Surface Crack In Cylinder (Internal) (9B.5.14) Stress Polynomial
5141 | Circumferential Surface Crack In Cylinder (External) (9B.5.14) Stress Polynomial
5180 | Longitudinal Full-Elliptic Embedded Crack in Cylinder (9B.5.18) Stress Polynomial
5190 | Full-Elliptic Embedded Crack in Cylinder (9B.5.19) Polynomial
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