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@ Background
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= Current stress intensity factor solutions (K) for

= Corner cracks in narrow finite width plates
are inaccurate

= Through edge cracks don’t consider height
effect

= Can improve
= Correlation of predicted vs. measured
= Crack shapes

= Crack growth lives
= Fleet management decisions

" Inspection intervals
= Part repair/replacement
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Experimental Results — Corner Cracks ’
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w Solution Space
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= Single corner crack at a centrally located hole in a plate
of varying width — new finite width correction factor

= Three load types are considered
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@ Solution Space - Crack Geometry
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= alt €[0.01, 0.99]
= alt =[0.01, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95, 0.99]

= alc €[0.1, 10]

= a/c =[0.1, 0.111, 0.125, 0.1428, 0.1667, 0.2, 0.25, 0.333, 0.5,
0.667,0.75,0.8,1,1.25,1.333,1.5,2,3,4,5,6, 7,8, 9, 10]
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@ Solution Space - Plate Geometry
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= /W =2 (fixed)
= Eliminate finite height effect

= W/De[1.1, 20]

= W/D=[1.1,1.25, 1.5,[1.667,
2,3, 4,10, 20*]
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W/D = 1.667

* Large W/D ratio used for
comparison to existing AFGROW
solutions
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—— JSAF Academy Center for Aircraft Structural Life Extension (CASLLE ) me——
= r/te[0.1, 10]
= r/t=]0.1,0.111, 0.125, 0.1428, 0.1667, 0.2, 0.2
3,4,5
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Solution Space - Plate Geometry

, 0.333, 0.5, 0.667,
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0.75, 0.8,10.9375] 1, 1.25,1.333,1.5, 2, 3,4,5,6, 7,8, 9, 10]
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w FE Automatic Mesh Generation
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Crack Plane w/ Auto-Mesh Crack Front w/ Auto-Mesh

Front
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Verification / Correlation
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Finite Width Effect: a/c =1
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Finite Width Effect
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45
SWID=15
aW/D =1.67
4 owmp=20
WID =3.0
35 OWD=40
oW/D =10.0
o WID =20.0

Normalized K

NNODE| DoF
1 RTOdot500_651 | 0.20/0.2000| 2.00| 1.50| 0.5} 1.50/1.00{0.20| 0.5/1.333{0.133|0.1333| 220,369| 661,107
RT0dot500_652 | 0.20(/0.2000| 2.00| 1.67| 0.5| 1.67/1.00{0.20| 0.5/1.200{0.120{0.1200| 239,861| 719,583
RT0dotS00_654 | 0.20| 0.2000( 2.00| 2.00| 0.5/ 2.00/1.00{0.20| 0.5]1.000|0.100{0.1000| 375,061 1,125,183
05 RT0dot500_655 | 0.20|0.2000| 3.00| 3.00( 0.5} 3.00{1.00{0.20( 0.5]1.000{0.067|0.0667|410,951|1,232,853
RT0dot500_656 | 0.20|0.2000| 4.00| 4.00| 0.5] 4.00{1.00{0.20| 0.5{1.000{0.050| 0.0500| 437,801/ 1,313,403
RT0dot500_650 | 0,.20| 0.2000| 10.00| 10.00| 0.5/ 10.001.00{0.20| 0.5{1.000{0.020{ 0.0200| 487,071 1,461,213
RT0dot500_653 | 0.20] 0.2000| 20.00{ 20.00| 0.5] 20.00{ 1.00} 0.20| 0.5{1.000]0.010{0.0100{ 527,391| 1,582,173
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Finite Width Effect
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cWID=1.25 Name al ¢ Ll w | |wolafe|aft]|e/t] /W] a/W| o/W |NNODE| Dof
RTO0T500_33810.05]0.0750] 2.00 | 1.25 | 0.5 [ 1,25 [0.67[0.05] 0.5 |1.600|0.040{0.0600| 431.954 1.205 862
e W/D =1.5 |nrodorsoo_338/0.05[0.0750] 2.00 | 1.50 [0.5] 1.50 |0.67[0.05] 0.5 {1.333] 0.0330.0500| 58 596(1,375,797
RTO4atS00_3400.05|0.0750] 2.00 | 1.67 | 0.5| 1.67 |0.67|0.05 0.5 | 1,200] 0.030| 0.0450 | 865,257 1,807,771
® W/D = 1.67 [arosotso0_34210.05|0.0750] 2.00 | 2.00 | 0.5 | 2.00 |0.67|0.05] 0.5 |1.000|0.0250.03751695,132 | 2,085,396
6 RTOdots00_3a3|0.05[0.0750( 3.00 | 3.00 | 0.5 | 3.00 |0.670.05| 0.5 |1.000)0.017|0.0250| 733,671 | 2,201,013
* W/D ~ 20 RT0dot500_34410.05(0.0750| 4.00 | 4.00 |0.5| 4,00 |0.67(0.05]0.511,000/0.013|0.0188| 761,245 2,283,735
_ AT0dot500_3370.05|0.0750(10.00/10.00] 0.5 | 10.00/0.67|0.05] 0.5 11.000] 0.005 | 0.0075 | 827,035 2,481,105
®W/D =3.0 [qrodotsoo 341]0.05]0.0750]20.00120,00] 0.5 |20.00]0.67 [0.05] 0.5 | 1.000] 0.003 | 0.0038 | 865,574 1 2,596,722

e WD=4.0
e W/D=10.0
e\W/D =200

Normalized K
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Edge Cracks
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Edge Cracks - Results

USAF Academy Center for Aircraft Structural Life Extension (CAStL E) mee—————

5.0 p
I ]
45 | ;! |
I !  H/W=10 /
40 r Pin-SE(T) )/ ‘
& -
235 ¢ —1
(&)
< — 1.5
ﬂé_ 3.0
3 I 2
B gn L
g - 4
g 20 .
g -
5 15T 8
g i
i == == SE(T)[1]
05 |-
0.0 1 1 1 1 | 1 1 1 1 | 1 1 1 Il | 1 1 1 1 | 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Nondimensional Crack Length, a/W

O SAFE 16
ENGINEERING



‘.\

o

@ Conclusions
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= Corner Cracks

= |nitial results indicate that part-through crack finite
width corrections can be improved

* Improvement relevant to any life prediction code
(AFGROW, NASGRO, OEM methods) using the

Newman/Raju corner crack K solutions
= Finite width correction factor is embedded in these solutions

= Status: 31,500 of ~50,000 solutions
= Edge Cracks

= New solution space considers all relevant crack
sizes and length/width ratios

= Technology Transition
= AFGROW implementation
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