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History

AJIntegral is avallable in Nastran with the CRACKTP elements
ANX user Interface does not currently allow creation/access to those

ARequested Siemens look into implementing a Ul for crack tip
analysis in 2016

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

AUSAF evaluation began April 2019



History

ACrack tip analysis is currently performedstniessChechy the
USAF A0 Analysis group

AQOther crack tip FEA tools include:
AANSYS
AABAQUS
ABEASY
AFRANC3D (pltig to ABAQUS, ANSYS, and NASTRAN)
A MARC3DNISC.NastratPatran
A ZenCrack



History

ADesired crack analysis within NX because:

A A-10 has Model Based Definition (MBD) within a Product Lifecycle
Management (PLM) framework which is-Native

ANX handles large assemblies very well
ANX handles multiple bodies very well
ANX handles multiple materials very well
ANX handles geometry changes very well
ANX and NX Nastran are very stable




BENCHMARK PROBLEMS



Benchmark Problems

AGoals ) ) ,
Al t2 Yi_JI- NE Cw! b/ o5 al |IByaByStEssChecdadiNKzl A 2
Integra
A ldentify iIssues and potential sources of error
ANotes

A CP4 comparison was performed first

cMany lessons learned were incorporated from this section into benchmark
comparisons

uHee convergence and meshing comparison

A Comparison data provided by Hill Engineering, LLC
«Presented at AFGROW 2016

cBenchmarking Problems in Fatigue Crack Growth AnalRséslarczyk, C. Morrison,
and J. Hodges



Benchmark, FTO1

Dimensions
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Loading: Uniform unit stress




Benchmark, FTO1

AOT n ®p «rack) i K NHz
AStress=10ksi

AFixed constraint at bottom
ATrue plane strain model fixed
y-direction on opposite faces —=—
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FTO0Z2 sim: Selution 1 Result

FTO1Jint, Increment 1, 1 s

Stress - Element-Nodal, Unaveraged, Max Principal
Min : -14852.7, Max : 207627, Units = Ibfin*2{psi)
Deformation : Displacement - Nodal Magnitude
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Benchmark, FTO1, 45 elements thru-thickness,

FT02_sim : Solution 1 Ry
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FT01 sim @ Solul

FTO1Jint, Incrementi
Crack_1_Ring1_| /.’_ Jeah Se
Min : 0.528, Maxg- 088, "
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Benchmark, FT01, 45 elements thru-thickness, @
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Ben Ch m ark, FTOl plane strain SIF )

formulation:

WWNM“ —e— NX 10 Layer Ring
—e—NX 10 Layer Ring 2

NX 10 Layer Ring 2 Mod
—e— NX 10 Layer Ring 3
—@—NX 10 Layer Ring 4

NX 10 Layer Ring 2, 100 element
—e— NX 10 Layer Ring 2, 300 element
—@—NX 10 Layer Ring 3/Plane Strain

3 4 5 6
Thickness (in)

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



Benchmark, FTO1

Kl vs Crack Front Position
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FTO1l Conclusions

ANo convergence based on element number along crack front
A Jintegral is choppy
A Influenced by surrounding elements outside of crack ring
A LILISF NB G2 0S I OOSYUSR 2y GUKAC
ANO smoothing in the extraction of data
A Maybe this is a good thing?
ANearedge peaks are close
AMiddle of crack is close to handbook
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Loading: Uniform unit stress

Benchmark, FT0O2

FT02/TCO1 Geometry
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Benchmark, FT0O2

AOT n ®p «rack) i K NHz
AStress=10ksi

AFixed on bottom
ASymmetric constraint on symmetry p
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AJintegral, note integration amidnodes

FTO2 sim : Solution 1 Result
FTO1Jint, Increment 4, 1 s
Crack 1 Ring2 Q1 - Nodat,
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Benchmark, FT0O2

K vs Crack Front Position
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FTO2 Conclusion

ACloser than FTO1

AMl2fdzUA2Y A& audAff aOK2LIRE
ALocal maxima are close

ALower than handbook



Benchmark Conclusions

APlane Strain formulation necessary to briAgtégral into
general agreement with benchmark

AStressChecgonsistently overestimates SlFs

AJintegral is influenced by larger global elements
A Not as apparent on thinner models (see CP4 section)
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Model Summary
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ACrack front creation process tedious. Would be easier to have
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Issues
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up-flow into FEM expressions

ACan work around this using mesh controls, using number of
elements on edge or biasing. These will update based on an
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CP4, Sol 101 Check
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CP4, Sol 101 Check
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Notes

A When adding crack face region, only 1 side is required (not 2) ] o
AC2NJ nomMé ON)IO1 =X cdhnn SEtSYSyida (2 0SS Oz2ftflL

AUNTNOHNTPFO O0nN®AHNTPED ,
n aNAyYy3Jae 2N {FIeSNRZ SIOK o 2F un ondnncwmyrT

# of elements on 1 half of the circumference: 10

Time to collapse: 11.5 min

Solve time:
w4 layers: 1.5 min
w0 layers: 2.5 min
A PostProcessing
A {—rlleavyI etdltlng time to pull tables from *.f06, associate to another edited grid location table, and
en plo
A Data modification time: 60 minutes for 1 crack size
A Added crack tip group for faster extraction
wExtracts 1 ring at a time, but can be performed in seconds

oHave to recreate for every new crack size/crack modification
Can create after a simulation has been run
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Notes

ASmall elements create bad edges that are difficult to clean
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