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History

ÂJ-Integral is available in Nastran with the CRACKTP elements
ÂNX user interface does not currently allow creation/access to those

ÂRequested Siemens look into implementing a UI for crack tip 
analysis in 2016

ÂSiemens created a crack analysis app through NX Open and 
provided it to the USAF for evaluation in January 2019

ÂUSAF evaluation began April 2019



History

ÂCrack tip analysis is currently performed in StressCheckby the 
USAF A-10 Analysis group

ÂOther crack tip FEA tools include:
ÂANSYS

ÂABAQUS

ÂBEASY

ÂFRANC3D (plug-in to ABAQUS, ANSYS, and NASTRAN)

ÂMARC3D (MSC.Nastran/Patran)

ÂZenCrack



History

ÂDesired crack analysis within NX because:
ÂA-10 has Model Based Definition (MBD) within a Product Lifecycle 

Management (PLM) framework which is NX-native

ÂNX handles large assemblies very well

ÂNX handles multiple bodies very well

ÂNX handles multiple materials very well

ÂNX handles geometry changes very well

ÂNX and NX Nastran are very stable



BENCHMARK PROBLEMS



Benchmark Problems

ÂGoals
Â/ƻƳǇŀǊŜ Cw!b/о5 άIŀƴŘōƻƻƪ ǎƻƭǳǘƛƻƴǎέ ǘƻ Beasy, StressCheck, and NX J-

integral
ÂIdentify issues and potential sources of error

ÂNotes
ÂCP4 comparison was performed first
ωMany lessons learned were incorporated from this section into benchmark 
comparisons
ωSee convergence and meshing comparison

ÂComparison data provided by Hill Engineering, LLC
ωPresented at AFGROW 2016
ωBenchmarking Problems in Fatigue Crack Growth Analyses, R. Pilarczyk, C. Morrison, 
and J. Hodges



Benchmark, FT01

FT01/TC02 Geometry

Dimensions
h = 5
b = 5
a = 0.5
t = 5

Material: E = 3.0e7, ˄= 0.30
Loading: Uniform unit stress



Benchmark, FT01

ÂEdge crack

Â²Ґ[Ґрέ

ÂIҐмлέ

ÂŎҐлΦрέ όǘƘǊǳ-crack)

ÂStress=10ksi

ÂFixed constraint at bottom
ÂTrue plane strain model fixed 

y-direction on opposite faces



Benchmark, FT01, 45 elements thru-thickness



Benchmark, FT01, 45 elements thru-thickness,

sides free



Benchmark, FT01, 45 elements thru-thickness,

sides free

ÂJ-integral, note integration at midnodes



Benchmark, FT01, 45 elements thru-thickness,

sides constrained (plane strain)

ÂNote sensitivity to surrounding mesh



Benchmark, FT01, 45 elements thru-thickness,

sides constrained (plane strain), all brick

¢ƻƻ Ƴŀƴȅ ŜƭŜƳŜƴǘǎΗ  5ƛŘƴΩǘ ǎƻƭǾŜ όǘŜǊƳƛƴŀǘŜŘ ŀǘ нрƳƛƴύ
91080 elements

!ƭǎƻ ŘƛŘƴΩǘ ǎƻƭǾŜ όǘŜǊƳƛƴŀǘŜŘ ŀǘ нрƳƛƴύ
75330 elements
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Benchmark, FT01
άaƻŘέ ŘŜƴƻǘŜǎ 
plane strain SIF 
formulation:

ὑ
ὐɇὉ

ρ ὺ

Added elements along crack front
Attempted to converge (no convergence found)



Benchmark, FT01
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FT01 Conclusions

ÂNo convergence based on element number along crack front
ÂJ-integral is choppy

ÂInfluenced by surrounding elements outside of crack ring

Â!ǇǇŜŀǊǎ ǘƻ ōŜ ŀŎŎŜƴǘŜŘ ƻƴ άǘƘƛŎƪέ ƳƻŘŜƭǎ

ÂNo smoothing in the extraction of data
ÂMaybe this is a good thing?

ÂNear-edge peaks are close

ÂMiddle of crack is close to handbook



Benchmark, FT02

FT02/TC01 Geometry

Dimensions

h = 5
b = 5
a = 0.5
t = 5

Material: E = 3.0e7, ˄= 0.30
Loading: Uniform unit stress



Benchmark, FT02

ÂInternal crack

Â²Ґ[Ґрέ

ÂIҐмлέ

ÂŎҐлΦрέ όǘƘǊǳ-crack)

ÂStress=10ksi

ÂFixed on bottom

ÂSymmetric constraint on symmetry plane



Benchmark, FT02, 45 elements thru-thickness



Benchmark, FT02, 45 elements thru-thickness

ÂJ-integral, note integration at midnodes



11500

12000

12500

13000

13500

14000

0 1 2 3 4 5 6

Y
 
ό
Ǉ
ǎ
ƛ
Ҟ
ƛ
ƴ
ύ

Thickness (in)

NX 10 Layer Ring 1

NX 10 Layer Ring 2

NX 10 Layer Ring 2 Mod

NX 10 Layer Ring 3

NX 10 Layer Ring 4

NX 10 Layer Ring 3 Plane Strain

Benchmark, FT02
άaƻŘέ ŘŜƴƻǘŜǎ 
plane strain SIF 
formulation:
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Benchmark, FT02
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FT02 Conclusion

ÂCloser than FT01

Â{ƻƭǳǘƛƻƴ ƛǎ ǎǘƛƭƭ άŎƘƻǇǇȅέ

ÂLocal maxima are close

ÂLower than handbook



Benchmark Conclusions

ÂPlane Strain formulation necessary to bring J-integral into 
general agreement with benchmark

ÂStressCheckconsistently overestimates SIFs

ÂJ-integral is influenced by larger global elements
ÂNot as apparent on thinner models (see CP4 section)



CP4 COMPARISON



Model Summary

Â²ҐнсΦфпέ

ÂǘҐлΦоέ

Â[Ґрлέ

ÂDholeҐлΦснрέ

ÂIƻƭŜ ƻŦŦǎŜǘҐмΦпмέ όƘƻƭŜ ŎŜƴǘŜǊ ǘƻ ŜŘƎŜ ƻŦ ǇŀǊǘύ

ÂStress=31.2ksi



Model Summary

ÂCrack front creation process tedious.  Would be easier to have a 
άŎǊŀŎƪ ŦŀŎŜέ ƻǇǘƛƻƴ ƛƴǎǘŜŀŘ ƻŦ ǳǎƛƴƎ ƳŜǎƘ ƳŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΦ



Model Summary



Issues

ÂtŀǊŀƳŜǘŜǊǎκŜȄǇǊŜǎǎƛƻƴǎ ǎŜǘ ƛƴ ƎŜƻƳŜǘǊȅ όƭƛƪŜ ŎǊŀŎƪ ǎƛȊŜύ ŘƻƴΩǘ 
up-flow into FEM expressions

ÂCan work around this using mesh controls, using number of 
elements on edge or biasing.  These will update based on an 
ŜŘƎŜΩǎ ƭŜƴƎǘƘ ǿƘƛŎƘ Ŏŀƴ ōŜ ŎƻƴǘǊƻƭƭŜŘ ǿƛǘƘ ŀƴ ŜȄǇǊŜǎǎƛƻƴ ƛƴ ǘƘŜ 
*.prt.



ÂStraight forward 
geometry failed to 
mesh (other side 
of crack tip)
ÂMesh mating 

conditions was the 
culprit
ÂRecommend 

meshing crack first, 
then remaining 
bodies

Issues



Issues

Â/ƘŀƴƎŜŘ ŎǊŀŎƪ άǘǳōŜέ ŘƛŀƳŜǘŜǊ

ÂMesh fails and deletes seed



ÂMeshing requires 
manual labor and 
foresight
ÂGeometry 

abstraction can go 
unstable quickly
ÂAn easier way to 

make the element 
transitions 
smoother is 
desirable

Issues



C=0.1ò, SEMI CIRCULAR FLAW



CP4, Sol 101 Check



CP4, Sol 101 Check



CP4, Sol 101 Check



Notes

ÂWhen adding crack face region, only 1 side is required (not 2)
ÂCƻǊ лΦмέ ŎǊŀŎƪΣ флл ŜƭŜƳŜƴǘǎ ǘƻ ōŜ ŎƻƭƭŀǇǎŜŘ

ÂǘлҐлΦнптрϝŎ όлΦлнптрέύ
Âп άǊƛƴƎǎέ ƻǊ ƭŀȅŜǊǎΣ ŜŀŎƘ ѻ ƻŦ ǘл όлΦллсмутрέύ
Â # of elements on 1 half of the circumference: 10
Â Time to collapse: 11.5 min
ÂSolve time: 
ω4 layers: 1.5 min
ω10 layers: 2.5 min

ÂPost-Processing
ÂHeavy editing time to pull tables from *.f06, associate to another edited grid location table, and 

then plot
ÂData modification time: 60 minutes for 1 crack size
ÂAdded crack tip group for faster extraction
ωExtracts 1 ring at a time, but can be performed in seconds
ωHave to recreate for every new crack size/crack modification

ωCan create after a simulation has been run



Notes

ÂSmall elements create bad edges that are difficult to clean
ÂtTotalҐлΦллннрέ



CP4, Sol 401 J integral (c=0.1ò, tTotal=0.02475ò,

4 layer)


