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Cold Expansion (CX) Benefit




Equivalent Initial Crack Method
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Figure 16. Equivalent Initial Crack Depth Histogram for Reamed Holes
for F-4E(S) Aircraft '
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Equivalent Initial Crack Size Shortfalls
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/W Equivalent Initial Crack Size Shortfalls
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/W Equivalent Initial Crack Size Shortfalls

m(0.127 mm approach fails to capture CX benefit dependency on stress and
edge margin
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/W Equivalent Initial Crack Size Shortfalls

m(0.127 mm approach fails to capture CX benefit dependency on stress and
edge margin
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Understanding CX Crack Growth

m CX influence not characterized by equivalent initial crack method
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Characterizing Residual Stress (RS)
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/W RS Analysis Without Full Stress Tensor




/W RS as a Crack Face Traction Load

SIFs by Superposition @/
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””V fffffffffffffff S .

RS~ | | | S @@

L
/=== =T ==
i i

(] [
—— |

a b | N
TTT1T  TT11

Actis, R., Watkins, M., Prost-Domasky, S., Hodges, J.,
(2013), ASIP Conference Proceedings, Computation
P BIRRALS ©2013 ESRD, Inc; 8 of SIFs for Cracks in Cold-Worked Holes. 13




[¥]
=
©
L
-
>
a
D
®
ke,
a
>
w
o |
0
@
[ =
)
O

SANFORD N

M
CHARAC

A WORLD LEAPER IN

|




ERSI Advancements
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Analysis Ground Rules

m Requirements to validate analyses using repeatable analysis methods

PREPARED BY: DATE: CHECKED BY: DATE: |REV.| PAGE:
Jacob Warner 9/19/2022 | Bnan Boeke F B-1
A-10 DTA| Appendix B: CHECKED BY: DATE: REPORT NO:
RPDS | BAMpPF Ground Rules | uciano Smith SA220R0207
Severe (SwRI) 1 April 2023

Appendix B: A-10 Multi-Point Crack Growth Analysis Ground
Rules for Using BAMpF

The following guidelines
mechanics analysis usir
Beginning with SA220R
used the StressCheck G
from cold expansion.

PREPARED BY: DATE: CHECKED BY: DATE: REV.| PAGE:
Jacob Warner 9/19/2022 | Kaylon Anderson F C-1
A-10 DTA| Appendix C: CHECKED BY: DATE REPORT NO:
RPDS Ground Rules for Including Residual |_uciano Smith SAZ220R0207
Severe | stresses from Cold Expansion in DTAs | (SwRI) 1 April 2023

Appendix C: A-10 Ground Rules for Including Residual Stresse
from Cold Expansion in Damage Tolerance Analyses

The following quidelines describe A-10 best practices for including Residual Stress (RS) in
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Lower Wing Skin Example

m 228 MPa max stress
mNo load transfer
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m 228 MPa max stress
mNo load transfer

[DIAMETER= 12.7 mm (0.5 inch

€§_125.4 mm (
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Lower Wing Skin Example
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= 180 MPa far field stress
m Spar cap fuel transfer hole
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B

m20% load transfer

Equivalent IFS Method Shortfall

m210 MPa far field stress
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/W

m 200 MPa far field stress
m 8% load transfer

Mild Load Transfer Example

Crack Length

——— IF$=0.127 mm (0.005 inch)
BAMPpF with RS
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/W Validating Analysis with Limited Test Data

m [est most severe stress
and geometry for given
spectrum

-+CX Test at 209 Mpa (30.3 ksi)

Crack Length

4 6 8
Life Normalized to Non-Cx Life
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12
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/W Validating Analysis with Limited Test Data

m [est most severe stress
and geometry for given
spectrum

m Predict less severe case(s)

m 165 MPa shown here

165 Mpa (24 ksi) Analysis

——CX Test at 209 Mpa (30.3 ksi)

Crack Length

4 6 8 10 12
Life Normalized to Non-Cx Life
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/W Validating Analysis with Limited Test Data

m [est most severe stress
and geometry for given
spectrum

mPredict less severe case(s)
m 165 MPa shown here

mLimit benefit to the tested
scenario

mlf additional benefit is
needed, test a less severe
scenario

Crack Length

1 ——IFS$=0.127 mm (0.005 inch)

165 Mpa (24 ksi) Analysis

I' ——CX Test at 209 Mpa (30.3 ksi)

Clip life benefit to higher
stress scenario

(if test results for exact
scenario are unavailable)
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=207 MPa

High Consistency and Repeatability

mNo load transfer

Residual Stresses x
. AFGROW offers the option to model the effect of residual stresses on
'.OJ crack growth by reading in a table of residual stresses as a function of
S crack length than AFGROW uses these values to generates a table
of ‘Residual Stress Intensity Factars' (SIF]

S(x.y) - value of a stress in Z axis direction;
1 - distance from the center point of the crack along = o't axis:

Select twpe of Data

& Shess " Residual K
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-
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and Residual
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Legacy Methods in Transition to:
THE STATE OF THE ART




	Slide 1: THE A-10 WARTHOG: DAMAGE TOLERANCE AND RESIDUAL STRESS IN TRANSITION
	Slide 2: We’re Better Together
	Slide 3: Damage Tolerance and Residual Stress in Transition
	Slide 4: Cold Expansion (CX) Benefit
	Slide 5: Equivalent Initial Crack Method
	Slide 6: Equivalent Initial Crack Size Shortfalls
	Slide 7: Equivalent Initial Crack Size Shortfalls
	Slide 8: Equivalent Initial Crack Size Shortfalls
	Slide 9: Equivalent Initial Crack Size Shortfalls
	Slide 10: Understanding CX Crack Growth
	Slide 11: Characterizing Residual Stress (RS)
	Slide 12: RS Analysis Without Full Stress Tensor
	Slide 13: RS as a Crack Face Traction Load
	Slide 14
	Slide 15: ERSI Advancements
	Slide 16: Analysis Ground Rules
	Slide 17: Lower Wing Skin Example
	Slide 18: Lower Wing Skin Example
	Slide 19: Advantage of Multi-Point
	Slide 20: Equivalent IFS Method Shortfall
	Slide 21: Mild Load Transfer Example
	Slide 22: Validating Analysis with Limited Test Data
	Slide 23: Validating Analysis with Limited Test Data
	Slide 24: Validating Analysis with Limited Test Data
	Slide 25: High Consistency and Repeatability
	Slide 26: Damage Tolerance and Residual Stress in Transition

