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Motivation

üContinuous need to extend AFGROWôs model database

üContinuous need to provide more accurate models to AFGROWôs users

üProvide modeling capabilities that complement customerôs design and analysis 
flow

üShorten new model implementation time or allow users to define their own 
reduced order model



Current KI Solutions

ÅClosed-form, tabular or combination of both solution: Uniform 
stress distribution, idealized model geometry, covers wide rage 
of geometry variations (r/t for example). 

ÅWeight function solution or beta correction applied on existing 
closed-form or tabular solution: Non-uniform stress 
distribution, idealized model geometry, covers wide rage of 
geometry variations. 

ÅCombination of Weight function and tabular solution: Non-
uniform stress distribution, idealized model geometry, covers 
wide rage of geometry variations. 

ÅUser-defined solution: Non-uniform stress distribution, real 
model geometry, limited to only one set geometric properties 
and one or two interconnected crack grows direction. 

ÅUsing on demand FEA tool to calculate KI: Non-uniform stress 
distribution, real model geometry, multiple crack and crack 
directions

AFGROW has the capability to 
add additional K solutions by 
using the COM plug-in. 

Plug-ins allow user-defined 
custom solutions
Å Proprietary
Å Closed-Form
Å Tabular / Interpolative / 

Extrapolative
Å External-KI



AFGROW FEA plug-in capability overview

2006 2011 2014

Joint Effort between AFRL, APES, 
Boeing, and LexTech, Inc. to 
develop the next 
generation life prediction and 
assessment methods by 
seamlessly integrating crack 
growth and 
finite element method (FEM) K-
solver programs.

Used the framework of 
AFGROW and StressCheck®

The BAMpF was born. First 
application that integrated 
AFGROW with FEA tool 
(StressCheck®)was developed by 
USAF (Josh Hodges) and became 
operational. 

Gulfstream integrated 
StressCheck® with AFGROW 
using the plug-in technology

2016 2021

INSA Lyon engineering 
school and Alstom 
successfully developed 
AFGROW plug-in using 
StressCheck®

BEASY has released a plugin 
for AFGROW which provides 
AFGROW users access to the 
advanced capabilities 
available from the BEASY 
Fracture and Crack Growth 
simulation software.

Å AFGROW FEA based K solver plug-in 
capability is a mature and proven 
technology that was successfully applied 
to solve the complex fracture mechanics 
problems

Å Only organizations that can have access 
the modern FEA packages can benefit 
from this AFGROW functionality 

Å The development of the interface 
between plugin and FEA package require 
significant investment of time and 
manpower as well as FEA analyst 
expertise

Å The original goal of developing 
Handbook of FEA crack growth solutions
in AFGROW in unfulfilled



Handbook of FEA Crack Growth Solutions
in AFGROW

Joint effort of Simmetrix and LexTech with an objective to develop a Handbook of FEA models for a relatively 
simple structural geometries and load conditions that are to complex or too time consuming to implement 
otherwise.  

Goals 
Å Integrate AFGROW with the help of plug-in with SimModeler  software tool.
Å Demonstrate that it is possible to  create a crack growth analysis tool that will benefit from using on demand 

FE analysis without require the user to be an FEA expert 
Å Ensure that this tool could be accessible (affordable) to a wide range of AFGROW users

 SimModeler  is a pre-processing tool that streamlines the generation of analysis input decks for a variety of 
analysis packages starting from geometric data. It can be easily customized and extended to produce run-ready 
input for additional solvers.

AFGROW  will direct SimModeler  via plug-in to generate the mesh of the model geometry and re-mesh the 
model as crack grows. The input from it can be used as an input to multiple FEA solvers such as ANSYS, Abaqus 
and CalculiX. 
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1-DoF and 2-DoF models
(precompiled database, analytical 
formulations, user input - b table)

Modeling 
Capabilities

AFMAT

Spectrum 
Manager 

Output

Documentation

V&V
Benchmarking

Parametric Multi -DoF models 
(automatic 3D FEA based solution 

directly from AFGROW)

Retardation models

Tabular entries for 
     100 materials

User defined FCGR

Plots/Reports   

Crack growth 
evolution graphics  

Model based fits to FCGR datasets
(Tabular Lookup, Forman, Walker, NASGRO, Harter-T)            

COM Interface

GUI 

Postprocessor

KI solution comparison 
against other solutions

Manuals/Context Sensitive Help

Public access to all 
Workshop presentations 

Examples/Training 

Loading spectrum 
generation & editing

Flight specific 
spectrum definition

User 

Application

Crack propagation life solution 
vs. experimental measurement 

Solution convergence

AFGROW: user-friendly and run-time efficient Linear Elastic Fracture Mechanics (LEFM) based 
crack growth life prediction tool that serves industry damage tolerance analysis needs 
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AFGROW: Extension of Modeling Capabilities

3D model generation for each 
crack growth increment

Solver access & Batch Processing

FEM Solution Post-processing

Parametric multi -DoF 
modeling 

Desired
Å An AFGROW embedded modeling 

capability designed to easily extend 
the model database, improve solution 
accuracy and provide an easy user 
access.

Å Automatic solution. 

Benefits
ü Reduce time-consuming new model 

development or additions to existing 
models.

ü Improve solution accuracy by using 
multi -DoF crack front definition 

ü Geometry agnostic.
ü Eliminate some modeling error 

sources due to curve fitting and 
analytical formulations.

ü Same methodology can be used to 
automatically perform a fatigue crack 
growth solution or generate b-tables.

Å Building of 3D geometry w/ and w/o  crack 
definition using a parametric definition

Å Control of number of DoF in crack front 
definition

Å Robust mesh generation
Å Input deck generation for model 

processing

Å Model based identification of  crack 
location and orientation

Å FE solution-based KI calculation
Å Linkage with AFGROW functionality
Å Crack front increment definition

Modeling 
Capabilities
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AFGROW: Extension of Modeling Capabilities

Example of New Model Implementation: Corner Crack in a Tapered Lug under Off-axis Tensile Loading
Automatic FEM based crack propagation solution: How everything works 

ὴὶὩίόὶὩb ÃÏÓbᶻ
τὖ

Ὠz “z ὸ
b = [-p/2, p/2] relative to the direction of the 
equivalent pin-ōƻǊŜ ŎƻƴŎŜƴǘǊŀǘŜŘ ƭƻŀŘ άtέ

Parametric Model Definition

Y

X

.ƻǊŜ 5ƛŀƳŜǘŜǊ άŘέ

I
Ŝ
ƛ
Ǝ
Ƙ
ǘ
 
ά
I
έ

a/2

[ǳƎ wŀŘƛǳǎ άwέ

¢
Ƙ
ƛ
Ŏ
ƪ
ƴ
Ŝ
ǎ
ǎ
 
ά
¢
έ
 

ux= uy= uz=0 

• 

180º

b

ὴὶὩίίόὶὩb

P

Solution postprocessingAFGROW user interface

Å Runtime: 1 min / crack growth increment
Å Verification & solution convergence

Same modeling process is followed for a different geometry or loading definition 

Modeling process controlled by AFGROW GUI 
Transparent to the end -user 

Automatic crack growth solution

Crack front increment definition
FEM solutionCAD & FEM 

Tracked growth 
directions (4 DoF) 
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!CDwh²Ωǎ Ƴǳƭǘƛ-DoF capability takes advantage of  the fatigue crack growth modeling and general CAE modeling functionality 
developed over the past 20 years at Simmetrix Inc.

Å Direct interface to CAD geometry
Å Demonstrated component level functionality for crack insertion and propagation 
Å Geometry-mesh associativity maintained for crack growth solutions

Å Unstructured meshing and automatic compatibility with structured meshes
Å Structured meshing process: boundary layer, thin -section, extrusion
Å Automatic surface and volumetric meshing
Å Meshing capabilities demonstrated for: single and multiple crack propagation simulation,  
crack at material interface, generic surface for crack definition in a solid model

Å Plugins for different structural solvers: Abaqus, Ansys, calculiX
Å Customers can write plugins to extend SimModeler to support specific modeling workflows

Å https://afgrow.net/workshop/documents/2021/Robert_Pilarczyk_CrossComparisons_of_Stress_Intensity_Factors
_from_Various_Sources-Workshop-2021.pdf

Å https://www.arctosmeetings.com/agenda/airworthiness/2021/proceedings/presentations/P21320.pdf
Å https://www.arctosmeetings.com/agenda/asip/2021/proceedings/presentations/P21624.pdf

Å https://www.researchgate.net/publication/325695699_LIFE_PREDICTION_MODELING_CAPABILITIES_FOR_FE_
APPLICATIONS#fullTextFileContent

Å For more information, please send email to: loghin@simmetrix.com  or info@simmetrix.com  M
or

e 
in

fo

https://afgrow.net/workshop/documents/2021/Robert_Pilarczyk_CrossComparisons_of_Stress_Intensity_Factors_from_Various_Sources-Workshop-2021.pdf
https://afgrow.net/workshop/documents/2021/Robert_Pilarczyk_CrossComparisons_of_Stress_Intensity_Factors_from_Various_Sources-Workshop-2021.pdf
https://www.arctosmeetings.com/agenda/airworthiness/2021/proceedings/presentations/P21320.pdf
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SimModeler Crack 

Capabilities:
 

Vuses CAD geometry or existing meshes in the modeling 

process

Vmature development for crack insertion and meshing 

Vautomatic crack propagation simulation process

Vtested on large variety of component geometries and 

crack configurations (includes propagation)

VGUI access and script-based modeling process 

VPassed many V&V benchmarks for planar as well as 

mixed-mode cases 



SimModeler FEA Tool

Start prediction run
Geometrical  properties

AFGROW Plug-in

Material data

Loading angle

Mesh and load

Crack(s) origin and shape 

Crack location(s) and 
orientation 

Mesh

K
Alpha

Crack increment

New crack length

Prediction Loop

Implementation in AFGROW



Meet the needs: SimModeler functionality 
embedded into AFGROW

SimModeler  capabilities provide: 
 

VAccess to parametric geometry definition

V Access to crack modeling API functionality

VAccess to different solvers to support any loading and 

boundary condition configuration

AFGROW Plugin will deliver:

VA process to add new fatigue crack growth models into the AFGROW solution library and, improve 

or extend limits of existing models 

VThe new models will work in a similar fashion as the closed-form models. Based on userôs input 

(dimensions, loading conditions) the functionality will create the model and perform the simulation 

with no additional input from the user.

VVerification benchmarking is an integral part of the new model development



Plug-in Development

Goal: corner crack in a tapered lug geometry under off-center axis 
loading analysis

Verification and Validation Steps

ÅValidation of CalculiX applicability (compare with the commercial FEA)

ÅValidation of AFGROW plugin lug crack growth prediction

ÅVerification progression
ÅNon tapered lug study
ÅTapered lug study
ÅCorner crack to Oblique crack transition
ÅNumber of point on crack front convergence



Width

Thickness

Hight

Hole Diameter

Crack Length (C Direction)

Crack Length (A Direction)

Loading Angle

Model Properties Material (Paris Equation)Predict Preferences

Crack front has four 
different crack 
directions:

1. 0 ° ( C )
2. 30 °
3. 60 °
4. 90 ° (A)

The angles are 
parametric. Every 
delta length 
increment applied 
perpendicularly to the 
crack front. 

Constant 
Amplitude Load

Non Tapered Lug Study



ü AFGROW model development: corner crack in a lug geometry under off-center axis loading

Lug Geometry Mesh Loading 

ÅFour parameter lug geometry: 
{H, W, D, t}
ÅParametric geometry definition

Corner crack location and 
orientation 

ÅUser control mesh refinement
ÅGeometry based meshing size 
assignment

ÅPressure loading defined using a 
cosine function, j = [-p/2, p/2]
ÅParametric loading definition: {P, q}

j
q

q
=
0
º ÅLocation and orientation of 

the crack is identified using 
max(s1) along the bore 

q: off axis loading angle
P: pin load
D: bore diameter
t: thickness
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max(s1) possible locations

Problem Definition 



Loading cycleInitial crack front definition

ÅElliptical or B-spline shape used for the 
initial crack front definition  
ÅGeometry-mesh association for each 
model
ÅMesh size along the front and on the 
crack surface is adjustable

Typical solution and Verification 
Benchmarking

Crack front increments

q

q

ÅPredefined-degree of 
freedom crack growth 
solution

Tracked growth direction
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Initial crack definition

ÅAlternating loading 
mission

KI verification

crack length 
vs. cycles

ÅSolution comparison between the 
predefined-degree of freedom modeling 
procedure performed via AFGROW and an 
FEA multi-degree (controlled by the mesh 
density along the crack front)

ü AFGROW model development: corner crack in a lug geometry under off-center axis loading

Problem Definition 


