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s Analysis Methodology

U.S. AIR FORCE

Damage Tolerance

" Rogue flaw
" |nspection

" Fracture mechanics
approach

Residual
Strength

Kza\/ﬁﬂ

wctural
Integrity

Durability

Maximum Stress, ksi

" No rogue flaw

" Remove and replace
or retire (safe-life)

B Stress life, strain life,
fracture mechanics
approaches
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N7 Background
* Case Study

U.S. AIR FORCE

" Pacer Classic Il
* Structural modification
°* Longerons, floors, frames, etc

LONGERON

= PClIl Mod Parts
f— SSC Parts

Upper Cockpit Upper Center FS 325 Dorsal/Shim Upper  Dorsal /f
Longerons Longerons Bulkhead Longerons Nacelle Attach / Angles
Longerons Angles’
FS 284 Caps Fwd Dorsal FS 332.5 Aft Dorsal

Deck Former Deck

LONGERON

CFS 505.075
FS 508.316
CFS 487.223
FS 486

FS 479.5

Lower Lower Lower
Cockpit Center Bulkhead & | FS 388.75 Lower Nacelle FS471.5

(@‘: Longerons Longerons Wing Attach Bulkhead L
g g ing ulkhea ongerons FS 464.5
Student Forward Fuel Center Fuel Inboard Lower  Aft Fuel
Cockpit Floor Cell Floor Cell Floor Longerons Cell Floor FS 458.5 v.
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* Case Study

U.S. AIR FORCE

" Original Dorsal Longeron Original Dorsal
°* Length is ~13 ft Longeron
* 300+ fasteners
* 20+ years

= 1st Modification

* Recommended from first
T-38 DTA

* Sized to take all longeron load

°* Remnant remained (secondary)
e 20+ years

(Sketches not to scale)

1st Mod




\~/ Background (cont.)

«Qr
U.S. AIRFORCE Case Stu dy

" Remnant Included In:
°* Fuselage fatigue test
°* Current models (FEA, DTA)
°* 1st mod doesn’t take all load
° Inspection intervals

= 2"d Dorsal Mod
* Part Removal Required =
" Loading =<
* 20+ years as primary |
* 20+ years as secondary

Inspect and Reuse or Remove and Replace?
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* Case Study

U.S. AIR FORCE

" Material, Loading, Geometry — Same

" Flaw Sizes

° New IFS = 0.05”
* Bolt hole inspection for old > DFS = IFS = 0.05”

Status v R X

ER) AL Dorsal Longeron at F5403 (0.25" Hole)
B0} Single Cormer Crack at Hole - Standard Solution
[} Load
-[B Crack length (C) =005
[E Crack length (A) =005
[B 'A/C’ constant
- {5 Width (W) =176
{0 Thickness (T) =019
{5 Hole Diameter (D)=0.25
{0 Hole Offset (8)=0.45
1.5 Plate 7075-T6 (Lookup Tabular Data)
. Rlo =-03
EH Rhi =02
82 Plain Strain Fracture Toughness =29
{0 Vield Stress =67
{0 Voung's Modulus =10500
{5 Poisson's Ratie 0.3
{0 Coef. of Therm, Exp, =1.25¢-005
[ Ultimate Strength =80 | L |
B Delta K threshold value =3
2 Plane Stress Toughness =46
[ Upper limit on da/dn =1.00e-001
B Lower limit on da/dn =1.00e-009
[ delta_K matrix 3:30
- @5 Stress State
{3 Determine Stress State automatically
{5 Determine Stress State automatically
71 [ Spectrum File - TFF Moody_T38B-124FG.5P3'
[ No Spectrum Filters
-4t Willenborg Retardation Model
[E No K-Solution Filters
[E No Residual Stresses

Crack Length

LY 1% Crack Len...  Gro... 18 Repair 3 Cyclic Stre...

AR R R R R B

This space for comments

: Life 7
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U.S. AIR FORCE Case StUdy

" BHEC is Feasible on Old During Mod

" Old vs New
* Life and inspection intervals the same

" DTA Life < Design Service Life
" Recurring Inspection not Practical



\~/ Durability Method

«Qr
U.S. AIRFORCE Case Stu dy

" Fracture Mechanics Approach
= Same as DTA but IFS = 0.005” (New)
" Stress Spectra, Prior 40+ years Unavailable

Version 5.02.03.18
Windows 8 / 7 / VISTA / XP SP3

" LexTech
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U.S. AIR FORCE

Durability (cont.)
Case Study

" Durability Life (New = 7xQOld) > Service Life

Crack C Length

Calendar Year

1960 1978 1996 2014
——0ld ==—New
=
(]
5
: o
O
= ?° Qu©
4 \©
O
e
& / /
=) /// /| Note: there are
e / multiple definitions
= — for durability life
Life

Recommendation: Remove and Replace 10




\~/ Analysis Approach

U.S. AIR FORCE Lessons Learned

" Manage using Durability
* Component is not a single load path (fail-safe)

°* Future inspection not practical
= Cost and a,p, VS C,
= Sealant removal
= Limited access
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\ﬂ/ Analysis Approach (cont.)

L 2
U.S. AIR FORCE Lessons Learned

® Sealant Removal Gone Bad
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\~/ Analysis Approach (cont.)

U.S. AIR FORCE Lessons Learned

" Durability Analysis
° Fracture mechanics approach with IFS = 0.005”
= JSSG-2006, para. A.3.12.1
° Durability life / 2 > service life
" Divide by 2
* JSSG-2006, para. A4.11.1.1
* Fail safe structure
°* Loads are well known

°* Appropriate for fracture mechanics approach

13
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U.S. AIR FORCE
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