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Complex Spectrum Analysis

Structural Details Affected by Complex Loading:

Tail Balancing

*  Fuselage Skin Joints — Longitudinal and Circumferential Download and
Side Loads due
*  Fuselage Bulkhead and Wing Attach Joints to Gusts and
Maneuvers
Lateral Bending
1> o
" Lateral Shear | Longitudinal Skin Splice
7 Ve at side of Aft Fuselage
il L [~ ‘Torsion
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il ;-':‘EOB“?&; Lap Joint experiences load
L Y transfer due to:
Frame Inner Cap Splice Joint / * Hoop Loading Tension
experiences load transfer due to: guetto Fuielagedpreisure
+ Fastener Loads due to
* Hoop Loading Tension due to Shear Flow in Skin Panel
Fuselage Pressure from Fuselage Bending
* Inner Cap Tension due to Frame
Bending from Wing Attach Loads 4’
and Floor Loading
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Complex Spectrum Analysis

Typical Structural Details that are Affected by Complex Loading:
*  Wing Spanwise Splice Joints T vz

* Wing Spar Web to Cap Joint F/‘ﬂ(ﬂ ﬁ—
*  Wing Spar Cap to Skin Joint € — j(& //j

Engine Thrust v

Joint experiences .
load transfer due to: Englne/Ponn

Weight MLG

* Axial Loads due
to wing bending
Mx

* Shear Flow in
skin panel and
spar webs due to
wing torsion T

P

compression

qshW
= /

tension

“

IDtension
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Complex Spectrum Analysis

Shear Flow Distribution Due to Torque About the Shear Center
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Sample Problem
Lower Wing Skin, Stringer 8, Spa

nwise Splice
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MODEL 707
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Structural Arrangement

A
v
A
v

Fwp

Fasteners
2 rows staggered
1.125” spacing

0.112”
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Fatigue Loads and Spectra

For the 720 model aircraft, FAA-ADS-54 provides the necessary wing 1G shear,
moment and torsional loads for each of the flight segments in the mission profiles.
For the example, a set of 3 mission profiles are chosen: short, medium and long.

720B 1G Wing Loads

Eta Wingsta 1 2 3 4 5 6 7 8 9 10 11 12 13
0 0 14900000 15700000 16900000 15300000 15400000 15000000 18100000 17200000 17200000 16100000 16600000 15000000 15400000
012 944 12000000 12500000 13300000 11700000 12200000 11000000 13150000 13400000 13600000 12700000 13000000 11700000 11900000
£ 02 1573 10400000 10600000 11800000 9300000 10300000 10400000 10700000 11200000 11400000 10900000 10900000 9800000 9900000
€ 033 2506 7500000 7700000 8100000 6850000 7600000 7700000 7550000 7950000 8250000 8000000 7900000 6300000 7000000
2 041 325 5800000 6000000 6250000 5150000 5850000 6200000 5450000 5900000 6200000 6300000 6000000 5000000 5000000
& 055 4327 3150000 3300000 3400000 2700000 3000000 3500000 3000000 3200000 3400000 3600000 3200000 2800000 2600000
064 5035 2150000 2200000 2250000 1800000 2000000 2400000 2000000 2200000 2400000 2400000 2450000 2000000 1800000
@ 07 5507 1500000 1600000 1550000 1350000 1300000 1700000 1350000 1500000 1550000 1630000 1600000 1300000 1200000
0.82 6451 450000 500000 500000 400000 450000 550000 400000 400000 500000 500000 440000 400000 400000
091 7159 100000 100000 100000 100000 100000 200000 100000 200000 100000 100000 100000 200000 100000
0 0 48600 54500 58000 54400 53500 54000 63400 60300 56100 57300 57500 51500 54900
012 94 37200 40100 43400 41700 38600 36400 48000 46400 44300 41300 43300 40400 42300
02 1573 31200 33400 36400 34400 32200 29400 39400 38400 37200 33600 35800 34100 35700
5 033 2596 22300 23000 25000 22700 24100 22400 25500 25500 25800 23500 24600 23500 24400
2 o041 325 26000 26000 27600 25800 27400 26000 27300 28000 28500 26400 27500 23700 24400
® o055 4327 16600 16600 17400 13800 16300 16300 14500 15800 16600 16500 16700 13100 13000
064 5035 9750 9800 10200 7400 9000 10900 7750 9000 10000 10800 9000 7000 9400
07 5507 12200 12000 13300 10400 10900 14200 11300 12300 13000 14300 11500 10000 10000
082  645.1 6000 6000 6000 4950 5400 6700 5000 5600 6000 6900 5500 5000 4600
091 7159 2700 2500 2500 2100 2450 3000 2000 2200 2450 3000 2500 2500 2000
0 0  -2600000 -2900000 -3270000 -3000000 -2600000 -2430000 -3530000 -3700000 -3880000 -2760000 -3180000 -3750000 -3720000
012 944  -1530000 -1900000 -2100000 -1830000 -1690000 -1650000 -2490000 -2450000 -2350000 -1880000 -2170000 -2500000 -2550000
02  157.3  -900000 -1300000 -1470000 -1290000 -1200000 -1240000 -1900000 -1740000 -1680000 -1490000 -1560000 -1850000 -1980000
. 033 2506  -550000 -940000 -1100000 -980000 -850000 -800000 -1580000 -1360000 -1160000 -1140000 -1250000 -1500000 -1600000
S 041 3225 -250000 -550000 -650000 -550000 -450000 -420000 -940000 -750000 -560000 -580000 -640000 -700000 -800000
§ 055 4327  -380000 -630000 -700000 -620000 -550000 -540000 -940000 -800000 -670000 -700000 -730000 -790000 -850000
064 5035  -400000 -600000 -690000 -600000 -550000 -550000 -900000 -750000 -700000 -700000 -720000 -800000 -850000
07 5507  -50000 -100000 -150000 -140000 -110000 -100000 -410000 -120000 -90000 -90000 -100000 -70000 -100000
082 6451  -30000 -50000 -80000 -70000 -60000 -50000 -100000 -80000 -40000 -50000 -50000 -40000  -50000
091 7159  -10000 -10000 -50000 -40000 -40000 -20000 -50000 -40000 -10000 -40000 -40000 -10000  -10000
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Fatigue Loads and Spectra

Wing Internal Loads:

B8ODY BALANCE STATIONS ~ IN,
0 200 400 600 800 (7] 1000 1200 1400 1600

Wing Internal loads are developed at
, » the spanwise splice wing station using
\@X, - " 1G loads

z

=

éwm O MASS PANEL

Z ‘%‘ l,;f,f,?f::“m Spanwise Splice Stringer Px Py Pz Rxy Ryz Rxz
=

853 33168 6376 33179 33775 6432
1027 40759 6874 40772 41334 6950

600 < WING EA INTERCEPT

[C] AIRPLANE cg Load in Lower Cover

3 Results 1147 46616 6542 | 46630 47073 6642

800- 1172 48533 5779 48547 48876 5897
. 1794 75545 7632 | 75566 @ 75929 7840

. i ONT SPAR 1924 82416 6803 | 82439 82697 7069

REAR SPAR UPPER SURFACE = G ) 1007 43777 2940 | 43788 43875 3108
3 s tio "2 16 g . ) 1960 86465 4538 | 86487 86584 4943
. B o€ oo o122 1605 71801 2782 | 71819 71855 3212

100 . g 944 42837 1091 | 42848 = 42851 1443

. 936 43026 549 43037 43030 1085

S . 809 37738 7 37747 37738 809

B 788 37327 480 | 37336 37330 923

o : 3 ) 3 i 739 35671 967 | 35679 35684 1217
ﬁlﬂﬁt 2 4 3 T8 T 10 12 | 2089 | 49750 49783 2321
: LOWER ‘SURFACE _ 656 32062  -1940 | 32968 33019 2048

. 715 36832 2855 | 36839 36943 2043

WING 1 STATION. . 602 31695 2958 | 31700 31832 3018

STRUCTURAL ELEMENT DIAGRAM 674 36371  -4021 | 36377 36592 4077
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Fatigue Loads and Spectra

Wing Spectrum Input:

Damage Code

Medium 48%

Aeronautica ASPEC Analysis

Analysis 720 Analysis 8-23-21 RevH

Aircraft Boeing 720

Mission Mix Medium 48%

Constant Load Stress 1G Alternating Load Pressure Load
Segment (ksi) Stress (ksi) Stress (ksi)
Damage Code Long 28%

1001 Taxi-Out -9.071 -11.7923 -
1011 Take-Off Man 10.898 10.898 0
1021 Take-Off Gust 10.898 15.2572 0
1011 Departure Man 10.898 10.898 0
1021 Departure Gust 10.898 15.2572 0
1012 Climb Man 11.189 11.189 0
1022 Climb Gust 11.189 15.6646 0
1013 Cruise Man 11.625 11.625 0
1023 Cruise Gust 11.625 16.275 0
1014 Descent Man 10.026 10.026 0
1024 Descent Gust 10.026 14.0364 0
1015 Approach Man 10.026 10.026 0
1025 Approach Gust 10.026 14.0364 0
1002 Landing -8.012 -9.6144 -
1001 Taxi-in -8.012 -10.4156 —

2001 Taxi-Out -8.529 -11.0877 -
2011 Take-Off Man 10.898 10.898 0
2021 Take-Off Gust 10.898 15.2572 0
2011 Departure Man 10.898 10.898 0
2021 Departure Gust 10.898 15.2572 0
2012 Climb Man 11.189 11.189 0
2022 Climb Gust 11.189 15.6646 0
2013 Cruise Man 9.954 9.954 0
2023 Cruise Gust 9.954 13.9356 0
2014 Descent Man 10.026 10.026 0
2024 Descent Gust 10.026 14.0364 0
2015 Approach Man 10.026 10.026 0
2025 Approach Gust 10.026 14.0364 0
2002 Landing -8.012 -9.6144 -
2001 Taxi-in -8.012 -10.4156 -
Damage Code Short 24%
3001 Taxi-Out -8.327 -10.8251 -
3011 Take-Off Man 10.898 10.898 0
3021 Take-Off Gust 10.898 15.2572 0
3011 Departure Man 10.898 10.898 0
3021 Departure Gust 10.898 15.2572 0
3012 Climb Man 11.189 11.189 0
3022 Climb Gust 11.189 15.6646 0
3013 Cruise Man 10.971 10.971 0
3023 Cruise Gust 10.971 15.3594 0
3014 Descent Man 10.026 10.026 0
3024 Descent Gust 10.026 14.0364 0
3015 Approach Man 10.026 10.026 0
3025 Approach Gust 10.026 14.0364 0
3002 Landing -8.012 -9.6144 -
3001 Taxi-in -8.012 -10.4156 -

AERONAUTICA.

©Aeronautica LLC— Proprietary Data




Fatigue Loads and Spectra

Spectrum Wizard Summary:

| WHE® @ |-
Mo | o Preview Spectrum View
a 8 « = oo A a @

New Import/Export  Multi  Select Channel Add  Cut Copy Insert Paste Delete Undo Redo | Reverse Clip Truncate Normalize Denormalize Check  Randomize
SubSpectrum  SubSpectrum »  Channel - - =

Sequence
Spectrum Clipbeard Undo / Redo Tools Sequence Tools
ExceedancePlot | RPlot |  DeltaPlot | 3d Plot R/Delta/Occurence | Sequence Data Spectrum Data | % [Properties Window - qx
8,012 908 ~ | 1000000 W Min Datz 5= az] o]
12533 909 W Max Data o Gmm
2306 910 Title fiight
2.9651 911
100000 4 SubSpectrum Label  flight
36508 912 Description
20314 917
4,0605 935
47081 943 10000 |
47951 982
29232 992 ~ Statistics
5.4642 1061 Number Of Levels 16581
S7723 087 — 1000 Number Of Cycles | 101316
19.4129 2 & Max 194129
18.7987 4
Max Delta 274249
18.5419 18 . o
18,1452 20 Min -
17.746 2 Min Delta 19908
17.4548 41
17.0009 11 104
16,5075 170
15.9915 200
15.8884 324
15.8766 332 1 " " " } T 1
1o cran e v -10 5 0 5 10 15 20 25
fight Er
19.41
13.9279
8.4429
2.958
-2.527
-8.012 : . . . . . -
12664 25329 37994 50658 63322 75987 88652 101316 ||  Properties Notifications
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Fatigue Loads and Spectra

Spectrum Summary:

MISSION BREAKDOWN PROGRAM INTERNAL STATISTICS
MISSION SEGMENTS MISSION TIME FLIGHTS  TOTAL RUN TIME NUMBER OF FLIGHTS OUTPUT: 454
———————————————————————————————————————————————— OUTPUT FLIGHTS RATIO: 99.6%
NUMBER OF LOADS OUTPUT: 283156
1 16 332.00 127 42164.000 MINS. MAX LOAD STRESS: 19,4129
MIN LOAD STRESS: -8.0120
2 16 93.00 218 20274.008 MINS.
3 16 37.00 109 4833.808 MINS.

TOTAL LOAD SPECTRUM TIME IN MINUTES: 664710800

19.41294

2.958

-2.527 4

-B.012 T T T T T T T 1
24185 24439 24654 24548 25202 25456 25710 25965 26219
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Materials and Geometry

* J Stringer
e 7075-T6511 Extrusion

e Skin
e 2024-T351 Plate
¢ Aeff = 1.63 inz
* J stringer + full bay of skin

* 3 Phases of Analysis
* Phase | and Il in stringer, Phase t
. . —>|[* o006
Il in skin o1 :
— 120" —ple— 1360 —>

NAS1436 3/16” Diameter
100 Degree Countersunk
Lockbolts
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Phase | — Stringer

* Independent Structure
e Corner Cracks
* Apta = CpTA = 005 n
* acp = ccp = 0.005 in
* Superposition
* Axial (no bypass)

* Bearing
* Compounding
* Filled Hole t NP
* Cracks growing toward a riser oz — 10—l 1350 —>]

NAS1436 3/16” Diameter
100 Degree Countersunk
Lockbolts
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Phase | — Stringer |dealization

Phase la Phase Ib

0.125” 0.125"

0.125” <+ 10”'—>\ I 0.125" » <+ 1.0 '\
» 25

|4_ 1.65——p 1.75" —p
Y <. _ > 04
—{ 04 4__0.75 ‘ $0.75

’ 0.06

0.112”

— 124" —p¢— 136" —P|

NAS1436 3/16” Diameter
100 Degree Countersunk
Lockbolts

NAS1436 3/16” Diameter
100 Degree Countersunk
Lockbolts
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Limit Stress

e Axial, not bypass, no load transfer

P 49,739 lbs .
L = — = 30.52 ksi
Aefr 1.63 1n

* Bearing

AP 49,739 lbs — 32,962lbs

= = — 2396.7 lbs
Qtotal — L 7 in /

=~ 2 400 le/

lbs
qwtal 2 400 /lTl . lbs
; > = 1,200*95/,,

Opx —

q - Pitch 1,200 lbs/in-1.125in

= — 28.7 ksi
%Brg = T Dt 2-.0188 in - 0125 in >t

AERONAUTICA. 15
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Stress - Reference

P

®* Oref = Opx T Weprt

o Werr = Width bearing load acts over?
o Werr = flange length = 1.75 in

) 675 lbs
O,.r = 30.52 ksi
ref T 1.75 in-0.125 in

0rer = 30.52 ksi + 3.086 ksi
Orer = 33.6 ksi

1Harter, J. A. and A. V. Litvinov (2016). “Modeling Bearing Load in Wide Panels Using AFGROW”. AFGROW European Training, Winterthur, Switzerland.
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AFGROW Stress Ratios

e Axial Stress Ratio

o ASR =282 = 2952 _ (908
Oref 33.6 '
* Bearing Stress Ratio
o BrgSR = 2274 = 227 _ ) 854
Oref  33.6
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Stress Intensity Factor

* KSS — [UAx,BAx + O-Brg,BBrg] Vnaﬁfilllgriser £ B W“

o) ﬁAXI :BBrg built into AFGROW
© ,Bfillr ,Briser

TC3HM
Wéa‘_ﬁjsz Wy
1t ttateg w
ty

TR

o s—
: =

12 14
1.0 1.2 _
o !
0.8
0.8
B 0.6 0.6
Briser
0.4 0.4
0.2
0.2
0
0.0 0.00
0.0 0.1 0.2 0.3 0.4 0.5

Crack Length (in)

0.20 0.40 0.60 0.80 1.00
Crack Length (in)
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Fatigue Spectrum

a1 0 |

Bt LU b s T ]

zzzzzz

sssssssssssssssssssssssssssss
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Spectrum Cycles to FC, Hours

Hours

Fredict Function Preferences

Growth Increment
Quitput Intervals

Qutput Cptians
Propagation Limits
Transtion Cptions

Lug Baundary Conditians
Finite Width Effedt

Crack Closure Factar

Bending

Prirt Output Diata at

" Spedified Crack Growth Increment
% Specified Spectum Cycic ncrement
" Ater each Spectrum Stress Level

" After each Beta Recalculation

Spectum Cycic  [10000

W Daplay Lfetime n Hours

Mumber of Houre per Pasa: 1107

0K Canc=| Sewe

Di=fauti

* Flight Cycles
* ASPEC.OUT
* 454 flights in 1,000 hour repeatable

pass

e Actual was 1,107 hrs

* SpectrumManager
* 101,578 cycles in spectrum
* AFGROW.PL2
* Importinto Excel
e Multiply “Cycles” column by

454 flights

o 101,578 cycles

AERONAUTICA.
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Fatigue Spectrum l

X: Delty
10.970 <= x < 12.341

0.000 <=x < 1.371

Y:R
0.300 <= x < 0.400

-0.400 <=x < -0.300
21940 <=x < 23311

X < -1.000
100000
100000
80000
80000
60000
N 60000
=
2 40000 3
i 20000 ©
N
R
&
20000 oIS
TSSO 20000
S e e e "
O S _o e e"".
222 %e % %,".
.S 5o %"
0 L2 > oS -
> _ -
0.000 <= x < 1371 +%e%:". T’ 0
52 > S0
® e ® et e %".
4114 <= x < 5.485 224 %% %%
82 S S ”"0 oy 0.700 <= x < 0.800
8.227 <= x < 9599 52828 > 2 S
02¢%¢%:%°
12341 <= x < 13.712 &S "0"’.“" 0.100 <= x < 0.200
4 %620 0%¢%: %"
®%, 16455 <= x < 17.826 ‘0‘0‘%"‘ 0200 <=x <0100 o
o . ¢ ¢ ¢ -0.500 <= x < -0.400
20569 <=x < 21940 @ “

-0.800 <=x < -0.700

24682 <= x < 26.054
x < -1.000
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AFGROW Input — Phase | Stringer

Status
Specimen
), Specimen
B Load
[ES Axial Stress Fraction= 0.908
[ES Bending Stress Fraction= 0
[B} Bearing Stress Fraction= 0.854.
& Width (W)=1.75
& Thickness (T)=0.125
No In-Plane Bending
Crack #1 (Corner Crack at Hole)
CLength = 0,005
[B AlLength = 0,005
[E Position: Left At Hole
[E Crack 22 (Comer Crack at Hole)
Clength=0.05
[ Alength = 005
Position: Right At Hole
Hole #1 (Hole)
[E Diameter = 01875
[E Offset=1.36
B 7075-T6511 EXTRUSION (Harter T-method)
B Rlo =-033
& Rhi =012
8 Plain Strain Fracture Toughness =30
& Yield Stress =73
Young's Modulus =10300
Poisson’s Ratio =0.33
Coef. of Therm. Exp. =123¢-005
Stress State
Spectrum File - "AFGROW.sp’
=
No Spectrum Fiters
Afir No Retardation
[E5 No K-Solution Filters
£ Beto Correction Factors Applied to Advanced Crack(s)
&[5 Crack# 1 (Beta Correction Factors 101 sets)
. Beta(c0)  Beta(0y)
01 00000000 10000 10000
02 00050000 094500 1.0000
03 00150000 099900  1.0000
04 00250000 10280 10000
05 00350000 10490 10000
06 00450000 10660 10000
07 00550000 10810 10000
08 00650000 10940 10000
09 00750000 11080 10000
10 00850000 11200 1.0000
1100950000 11260 10000
12 0050000 11300  1.0000
130150000 11330 1.0000
1401250000 11350 1.0000
15 01350000 11370 1.0000
16 01450000 11390 1.0000
17 01550000 11410 1.0000
18 01650000 11420  1.0000
19 0750000 11430 1.0000
20 01850000 11420 10000
21 01950000 11400 1.0000
22 02050000 11380 10000
23 02150000 11360 10000
24 02250000 11340 10000
25 02350000 11320 10000
26 02450000 11300 10000
27 02550000 11280 10000 o
< >
®status 0 5
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Phase la & b Stringer Results

0.25
Primary Hole Secondary Hole
DTA Flaw Ccb FIavY
Short Ligament Toward Riser
0.2

£0.15

=

(@)]

c

(O}

-

% Secondary Hole

0 0.1 CD Flaw

'S .

Short Ligament
Primary Hole
CD Flaw
Toward Riser
0.05
Conore =0.00564 in
Cro, riser =0-00545 in
0
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000

Flight Cycles

©Aeronautica LLC— Proprietary Data
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Phase || — Stringer ldealization

124" —P¢— 1.36" —P

NAS1436 3/16” Diameter
100 Degree Countersunk
Lockbolts
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AFGROW Stress Ratios

e Axial Stress Ratio
o ASR =1.0

e Stress Multiplication Factor, SMF
o Use to account for cracked area in stringer flange

A 1.63 in?
o SMF = T — = 1.35

AERONAUTICA. 25
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Stress Intensity Factor

* Kgs = IBAanaIBWeb/Cap
o 4, builtinto AFGROW

© IBWeb/Cap

Buevicap
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AFGROW Input — Phase Il Stringer

Status Ad
[E7 8707 LWS - Phase Il Stringer
I3, User-Defined Through Crack - Standard Solution
= Load
[B Axial Stress Fraction= 1
[E Bending Stress Fraction= 0
[E} Bearing Stress Fraction= 0
-[B Crack length (C) =0.005
& Width (W)=3.375
& Thickness (M=0.125
[ 7075-T6511 EXTRUSION (Harter T-method)
B Rio =033
Rhi =0.72
Plain Strain Fracture Toughness =30
B Vield Stress =73
& Young's Modulus =10300
£ Poisson's Ratio =033
&0 Coef. of Therm. Exp. =1.23¢-005
-1 Crack Growth Rate Data
2 Stress State
Spectrum File - ‘AFGROW.spx’

User.Defined Through Crack - Standard Solution

=

[ SMF=1350000
[E} Pxc=30.520000
[E SPL=0.000000
No Spectrum Filters
-4t No Retardation

[E} No K-Sol
el

Ll
02 0 .
03 00150000 1.124
04 0.0250000 1.126
05 00350000 1.128
06 0.0450000 1.130
07 00550000 1.132
08 00650000 1.134
09 00750000 1.137
10 00850000 1.139
1100950000 1142
1201050000 1145
1301150000 1148
1401250000 1151
15 01350000 1155
1601450000 1158
1701550000 1161
18 01650000 1161
19 01750000 1161
01850000 1,161
01950000 1161
0.2050000  1.160
02150000 1160
1.160
02350000 1160
02450000 1160
02550000 1160
0.2650000  1.159
1159
30 02850000 1.159
31 02950000 1.159
03050000 1159
1158
03250000 1158
35 03350000 1.158
36 03450000 1.158
37 03550000 1.157
38 03650000 1.157 o

EENBERBRYY
% §

BB
g8
g
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Phase Il Stringer Results

0.7
Phase ll

Stringer
Failure

0.6

0.5

<
~

Crack Length (in)
o
w

Phase la Phase Ib

0.2

0.1

]

0 5,000 10,000 15,000 20,000 25,000
Cweb/cap =0.00563 in Flight Cycles

0
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Phase Il — Skin Idealization

e Corner Cracks — Both Holes
o acp =ccp = 0.005in

* Superposition g’“T* I
o Axial (no bypass) 0125 —plila— 10— |
o Bearing —no bearing since stringer e: 25
is cracked %
* Compounding 1o 175 —»
o Filled Hole

o Countersunk Hole (in AFGROW)

o Crack growing to next hole at Z-
stringer not used
2” crack increases [ by 1% which is

negligible _ _ NAS1436 3/16” Diameter
o Crack growing to Z-stringer 100 Degree Countersunk
R&C Figure 124,s=1.0 Lockbolts

o Cracked Stringer
R&C Report 75072, Figure 7,s = 1.0
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Stress Intensity Factor

* Kss = 0uxBaxNTaBrinBserBerka ser .
o Bay built into AFGROW .

0.8

e ,8 ; ,B ,B e
fill» Pstr) Pcrkd_str 5
0.2
0.0
0.0 0.1 0.2 0.3 0.4 0.5
Crack Length (in)
05
b B ASLIIL RERSEREY F ROt SR U ? SR e . 2
s L S e e R&C Report 75072, Figure 7
y= -3.0116 + 7.33995 - 6.6894x" + 2.765x° - 0.5283x + 0.0246x + 0.4749 * R&CReport 75072, Figure
R?=0.9928 18
Poly. (R&C Report 75072, Figure 7)
0.4 S
16
035
14
.
03
12
..
By 0-25 y= -4.23595 + 7.8738X2 - 5.6522x + 2.7071
Borka st 1 =
.
02 08
0.15 06
0.1 04
0.05 02
* Rooke & Cartwright, Figure 124,s = 1.0
-------- Poly. (Rooke & Cartwright, Figure 124, s =1.0) 0
0 0 0.1 02 03 04 05 06 07 08 09 1
0 0.1 02 03 04 05 06 07 08
alb a/b
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AFGROW Input — Phase Il Skin

=] ~
) Specimen
B Load
“.-[E3 Axial Stress Fraction= 1
.[B} Bending Stress Fraction= 0
"B Bearing Stress Fraction= 0
& Width W)=2.6
Thickness (N=0.112
[B No In-Plane Bending
[E Crack #1 (Comer Crack at Hole)
B Clength = 0.005
-[B Alength = 0005
[E Position: Left At Hole:
[E Crack 2 (Comer Crack at Hole)
B Clength = 0.005
B Alength = 0.005
[E Position: Right At Hole
[E Hole #1 (Countersunk Hole)
- [5 Diameter = 0.
- [E Offset=1.3
B Countersunk Depth = 0,049
“-[B Angle =100
[ 2024 7-3 Bare Sheet LONG CRACK DATA (Harter T-meth
=0 2
& Rhi =08
&8 Plain Strain Fracture Toughness =31
& Vield Stress =47
& Young's Modulus =10500
&9 Poisson’s Ratio =0.33
& Coef. of Therm. Ex;

Spectrum File - ‘AFGROW.5px"
(2 \\vmware-host\Shared Folders\Downloads\AFGROV
[ES SMF=1.000000
B} Pxx=30.520000
[} SPL=0.000000
No Spectrum Fitters
-4l No Retardation
[B No K-Solution Filters
Beta Correction Factors Applied to Advanced Crack(s)
[B Crack # 1 (Beta Correction Factors 31 sets)
' Sx0) SOy
01 00000000 10000  1.0000
02 0.0050000 070900 070900
03 00100000 074700 074700

%
/
/
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Phase IIl 15t Skin Panel Results

0.7
Phasel ll

Stringer
Failure

0.6

0.5

<
~

Phase Il
Skin Panel
Failure

Crack Length (in)
o
w

Phasela Phaselb
0.2

0.1

0 *°
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115
Thousands

Coqn  =0.00514in Flight Cycles
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Phase IIl 15t Skin Panel Results

Damage Code % Damage Damage Summary

Percent of total damage due to '1011": 0.1
Percent of total damage due to '1012": 0.26
Percent of total damage due to '1013": 0.55 131 Maneuver
Percent of total damage due to '1014": 0.2
Percent of total damage due to '1015": 0.2
Percent of total damage due to '1021": 4.51
Percent of total damage due to '1022": 7.67
Percent of total damage due to '1023": 26.47 52.36 Gust
Percent of total damage due to '1024"; 5.2 Chart Tltle
Percent of total damage due to '1025": 8.51
Percent of total damage due to '1090": 0.38 0.38 Lndg 2%
Percent of total damage due to '1100": 3.83 3.83 GAG 1%
Percent of total damage due to '2011": 0.09 12% ’
Percent of total damage due to '2012": 0.17
Percent of total damage due to '2013": 0.16 0.67 Maneuver
Percent of total damage due to '2014": 0.12
Percent of total damage due to '2015": 0.13 85%
Percent of total damage due to '2021": 3.96
Percent of total damage due to '2022": 5.08
Percent of total damage due to '2023": 7.65 25.45 Gust
Percent of total damage due to '2024"; 2.53
Percent of total damage due to '2025": 6.23
Percent of total damage due to '2090": 0.63 0.63 Lndg = Maneuver = Gust = Llanding = GAG
Percent of total damage due to '2100": 5.19 5.19 GAG
Percent of total damage due to '3011": 0.04
Percent of total damage due to '3012": 0.04
Percent of total damage due to '3013": 0.03 0.17 Maneuver
Percent of total damage due to '3014": 0.03
Percent of total damage due to '3015": 0.03
Percent of total damage due to '3021": 1.98
Percent of total damage due to '3022": 1.3
Percent of total damage due to '3023": 1.52 7.09 Gust
Percent of total damage due to '3024"; 0.43
Percent of total damage due to '3025": 1.86
Percent of total damage due to '3090": 0.33 0.33 Lndg
Percent of total damage due to '3100": 2.6 2.60 GAG
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Inspections

* Detectable flaw size is 0.05 in using BHEC
o Using less robust methods gives unacceptable inspection

Detail Phase la | Phaselb | Phasell | Phaselll Npora Nuoi N petect Nihreshold Ninterval
Stringer 608 3,823 N/A' N/A 4,431 3,674 757 2,216 379
Skin N/A N/A N/A 105,947 | 105,947 | 98,313 7,634 52,974 3,817

1 Can't inspect stringer during Phase Il as the cracking is in the web and cap
Inspections if Single Load Path

Inspections if Multiple Load Path

e Structure is MLP since the skin adequately carries the load
once the stringer fails

* Inspections could include visual for a failed stringer if life of

skin is long enough as in this case.
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Complex Spectrum Analysis

e Certain Structures Have Complex Loading
* Wing Spanwise Splice — Axial Stringer Loads + Wing Skin Shear Flow
* Wing Spar — Spar Cap Axial Load + Web Shear Flow

* Fuselage Attachment — Axial + Shear + Bending due to Fuselage
Bending and Wing Bending and Torsion

 Complex Spectra Loads are NOT always in phase

* As a Result, Constant Linear Factors such as Bearing to Bypass
or Bending to Bypass are NOT Accurate

* If Complex Loading is Present, Need to Utilize a Multi Channel
Spectrum Approach
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Internal Loads

 Wing Spanwise Splice:
e J Stringer Axial Load driven by Wing Bending Moment
* Wing Skin Shear Flow driven by Wing Torsion

| ) FRONT SPAR
REAR SPAR UPPER SURFACE --
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Fastener Loads due Shear Flow

* To Accurately Represent this, 2 Spectra are developed:
J Stringer Axial Stress Spectrum Driven by Wing Bending Moment
Fastener Bearing Stress due to Shear Flow Driven by Torsion

d Ref. Axial Load Ref. Axial stress Shear Load
-518
-612
-467
-594
-600
-577
-764
-728
-697
-666
-696
-711
-898
-107
-100
-112
-117
-125

Fit Con
10001
10002
10003
10004
10005
10006
10007
10008
10009
10010
10011
10012
10013
10040
10041
10042
10043
10044

19348
19864
20895
17671
19605
19864
19476
20509
21282
20637
20379
17799
13619
-14783
-14224
-15140
-15522
-16104

10285
10560
11108
9395

10423
10560
10355
10903
11314
10971
10835
9463

8035

-7859
-7562
-8049
-8252
-8561

# fast skin thicl fast diam fast pitch fastload brg stress brg/ xial

N

NO O WNDNDNDNNDNNDNNDNDDNDDN

0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16

0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875
0.1875

0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75

194
229
175
223
225
216
286
273
261
250
261
267
337
27
19
17
15
13

6477

7645
5842
7429
7501 72%
7212 68%
9549 92%
9102 83%
8713 77%
8323 76%
8698 80%
8886 94%
11231 140%
894
627

560
486
445

Note: Ratio of bearing to axial stress is NOT constant across load conditions.
Bearing is due to skin shear flow which is dependent on wing torsion
Wing Torsion and Wing Bending Moments are not linearly related
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Complex Spectra - Axial

AXIAL STRESS SPECTRUM INPUT

Segment |DMF Factor [Constant Load {Alternating Load|Pressure
o o |Load Case|Damage Code| Long 28%
* First, Axial Spectru m ooas | q001 Jrmiom o 567 mIXEY -
10001 1011 Take-Off Man 1 10.285 10.285 0
. d I d . A 10001 1021 Take-Off Gust 1.4 10.285 14.400 0
° 10001 1011 Departure Man 1 10.285 10.285 0
I S eve O p e I n S p e C * 10001 1021 Departure Gust 1.4 10.285 14.400 0
10002 1012 Climb Man 1 10.560 10.560 0
> f 10002 1022 Climb Gust 1.4 10.560 14.784 0
1g stress from jmm| oon | oo 0
10010 1023 Cruise Gust 1.4 10.971 15.359 0
I nte rnal Load Cases 10013 1014 Descent Man 1 8.035 8.035 0
10013 1024 Descent Gust 1.4 8.035 11.249 0
10013 1015 Approach Man 1 8.035 8.035 0
10013 1025 Approach Gust 1.4 8.035 11.249 0
» Delta g stress ot | o[ PR I =
10041 1001 Taxi-in 1.3 -7.562 -9.831 -
. |Load Case|Damage Code| Medium 48%
> Dyn amic fa Cto rsS 10042 2001 Taxi-Out 13 -8.049 -10.464 -
10001 2011 Take-Off Man 1 10.285 10.285 0
10001 2021 Take-Off Gust 1.4 10.285 14.400 0
10001 2011 Departure Man 1 10.285 10.285 0
10001 2021 Departure Gust 1.4 10.285 14.400 0
10002 2012 Climb Man 1 10.560 10.560 0
10002 2022 Climb Gust 1.4 10.560 14.784 0
10004 2013 Cruise Man 1 9.395 9.395 0
10004 2023 Cruise Gust 1.4 9.395 13.152 0
10013 2014 Descent Man 1 8.035 8.035 0
10013 2024 Descent Gust 1.4 8.035 11.249 0
10013 2015 Approach Man 1 8.035 8.035 0
10013 2025 Approach Gust 1.4 8.035 11.249 0
10041 2002 Landing 1.2 -7.562 -9.074 -
10041 2001 Taxi-in 1.3 -7.562 -9.831 -
Load Case |Damage Code| Short 24%
10040 3001 Taxi-Out 1.3 -7.859 -10.216 -
10001 3011 Take-Off Man 1 10.285 10.285 0
10001 3021 Take-Off Gust 1.4 10.285 14.400 0
10001 3011 Departure Man 1 10.285 10.285 0
10001 3021 Departure Gust 1.4 10.285 14.400 0
10002 3012 Climb Man 1 10.560 10.560 0
10002 3022 Climb Gust 1.4 10.560 14.784 0
10007 3013 Cruise Man 1 10.355 10.355 0
10007 3023 Cruise Gust 1.4 10.355 14.497 0
10013 3014 Descent Man 1 8.035 8.035 0
10013 3024 Descent Gust 1.4 8.035 11.249 0
10013 3015 Approach Man 1 8.035 8.035 0
10013 3025 Approach Gust 1.4 8.035 11.249 0
10041 3002 Landing 1.2 -7.562 -9.074 -
10041 3001 Taxi-in 1.3 -7.562 -9.831 -
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°
com plex Spectra Bear! Ng
-—
-
BEARING STRESS SPECTRUM INPUT
. Segment |DMF Factor [Constant Load |Alternating Load [Pressure
Load Case |Damage Code Long 28%
¢ Secon d’ Bea rl ng 10044 1001 Taxi-Out 1.3 0.445 0.579 -
. 10001 1011 Take-Off Man 1 6.477 6.477 0
10001 1021 Take-Off Gust 1.4 6.477 9.067 0
Spectrum is developed i 1 o I B P B - A
10001 1021 Departure Gust 1.4 6.477 9.067 0
. N 10002 1012 Climb Man 1 7.645 7.645 0
I n AS p e C N 10002 1022 Climb Gust 1.4 7.645 10.703 0
10010 1013 Cruise Man 1 8.323 8.323 0
10010 1023 Cruise Gust 14 8.323 11.652 0
> 1g St reSS 10013 1014 Descent Man 1 11.231 11.231 0
10013 1024 Descent Gust 1.4 11.231 15.723 0
10013 1015 Approach Man 1 11.231 11.231 0
10013 1025 Approach Gust 1.4 11.231 15.723 0
» Delta g stress e | o |Lorans PR I I
10041 1001 Taxi-in 1.3 0.627 0.816 —
. Load Case |Damage Code Medium 48%
> Dy N a mi C fa Cto rs 10042 2001 Taxi-Out 1.3 0.560 0.728 -
10001 2011 Take-Off Man 1 6.477 6.477 0
10001 2021 Take-Off Gust 1.4 6.477 9.067 0
10001 2011 Departure Man 1 6.477 6.477 0
10001 2021 Departure Gust 1.4 6.477 9.067 0
10002 2012 Climb Man 1 7.645 7.645 0
10002 2022 Climb Gust 1.4 7.645 10.703 0
10004 2013 Cruise Man 1 7.429 7.429 0
10004 2023 Cruise Gust 1.4 7.429 10.400 0
10013 2014 Descent Man 1 11.231 11.231 0
10013 2024 Descent Gust 1.4 11.231 15.723 0
10013 2015 Approach Man 1 11.231 11.231 0
10013 2025 Approach Gust 1.4 11.231 15.723 0
10041 2002 Landing 1.2 0.627 0.753 -
10041 2001 Taxi-in 1.3 0.627 0.816 -
Load Case |Damage Code Short 24%
10040 3001 Taxi-Out 1.3 0.894 1.163 -
10001 3011 Take-Off Man 1 6.477 6.477 0
10001 3021 Take-Off Gust 1.4 6.477 9.067 0
10001 3011 Departure Man 1 6.477 6.477 0
10001 3021 Departure Gust 1.4 6.477 9.067 0
10002 3012 Climb Man 1 7.645 7.645 0
10002 3022 Climb Gust 1.4 7.645 10.703 0
10007 3013 Cruise Man 1 9.549 9.549 0
10007 3023 Cruise Gust 1.4 9.549 13.369 0
10013 3014 Descent Man 1 11.231 11.231 0
10013 3024 Descent Gust 1.4 11.231 15.723 0
10013 3015 Approach Man 1 11.231 11.231 0
10013 3025 Approach Gust 1.4 11.231 15.723 0
10041 3002 Landing 1.2 0.627 0.753 -
10041 3001 Taxi-in 1.3 0.627 0.816 —

/A%(RD NAUTICA. 39 ©Aeronautica LLC— Proprietary Data



Combining Spectra

* Third, combine axial and bearing spectra in spectrum manager
or Excel to Nasgro Multi Channel Format:

* Cycles, Max/Min SO, S1, S2, S3 SO = Axial S3 = Bearing

_ TTanialbrg.prn - Motepad

File Edit Format  View Help
II"B? multi chanmel

13 11.735  8.Ba% e a a e 7F.383 5.5e2
1 11.314  9.257 @ a [ 8 T7.124 5.B28
9 11.725  8.B45 @ a [ 8  T7.383 5.56%
1 12,185  7.48% @ a a 8 B.283 4,662
1 11.735 8.8a% @ a a 8 T.I83  5.56%
1 12,517 7.6@2 @ a a 8 9,786  5.5ed
32 12,828 9,882 @ a a 8 B.715 &.57%
1 11.6l6  9.504 @ a a @ B.41  6.Bal
3 12.038  9.882 e a a e B.715 &.57%
1 12.517 7.6e2 e a a g 9,786 5.5ed
9 12.828  9.882 8 a a 8  8.715 6.575
1 11.616 9.504 @ a [ @ B.41 6.B31
18 12,828 9.832 @ a a 8  8.715 &.57%
1 11.616 9.584 @ a a @ B.41  6.BAL
4 12,828 9.882 @ a a 8  8.715 6.57%
1 12,857 9,872 @ a a 8 9,155 7.491
77 12,586 9.434 @ a a 8 9.48k 7.158
1 12.887 9,872 e a a 8 9,155 7.491
28 12.586  9.434 e a a e 9.48¢ 7.158
1 15.578  6.362 e a a e 11.81% 4.B27
5 12.586 9.434 @ a [ g 5.48B 7.158
1 14.e42  7.B98 @ a [ B 18.653 5.993
23 12.586  9.434 @ a a 8 9.488 7.158
1 12,857 9.872 @ a a 8 9,155 7.491
17 12,586 9.434 @ a a 8 59,48 7.158
1 14,842 7,898 @ a a 8 18,653 5,092
23 12,586  9.434 @ a a 8 9.48k 7.158
1 12.857 9,872 e a a g 9,155 7.491
22 12.586  9.434 e a a e 9.48¢ 7.158
1 12.857 9,872 8 a a g 9,155 7.491
5 12.586 9.434 @ a [ g 9.48B 7.158
1 12,857 9.872 @ a a 8 9.155  7.491
1 12.586 9.434 @ a a 8 9.488 7.158
1 14.e42  7.898 @ a a 8 18.653 5.992
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Multi Channel Crack Growth

e Perform Nasgro Analysis using Multi Channel Spectrum with
Variable Bearing to Reference Stress Ratio:

GEOMETRY

MODEL: TCO03-Through crack from heole in plate.

Pin Load DeltaK is based on compression clipping, Emin = Max[0,Emin]
from TCO3 to TCO2Z is not allowed.
£ o=
W=
B -

Name: NASMF.XMLZ
i : NASA data/NASGRO =gn (single temp)

Alloy Cond/HT:Plt & Sht; L-T; LA; Room temp

[schedule title]

Stress = Input Value * Scale Factor]
Stress Scale Factors for Block Case:

Stresd
Stresd
Stresd
Stresd

L I Ry R ]

| B pyaSFLA Crack Growth Analysic - 7 Tsinghein [no restrictions] - m] =

File

Optians  Wiew Taols Hap

M Geomere | BMGeiaiee | |2 s | peLosd Blocks | | L BuldScheduk | P loupuitstione | $Fcometstions |

Show crack case lbray | [TCO2 - thrmugh crack & haole (offset] in plate

Seve disgram bo file
“widih, W i Fritial flaw eplian
Tcoa Thickrezs, | 18 = Liper artry
D;'_‘ﬂﬂSz Hud dicenetze. 188 ' MASA 24 NDE
Hale ch ollsel, B 15

t I i I t T 30"'1 Iridal Aas size, © (173

[T e ™ Set crach size limiis):
&M ™ SIF Compounding
3= W
P [~ Erble Contrung Demage Fem TO03 te TOO2
Sy = ot
t=thickness

HNegaine Fin Load {Beanng Siness) Assumplion
* Compresson Cipping § Fmined, ten Fmin=0}
" Full Range lues actusl valuge of Kmin, Kmas:)
' Sign ncependent
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Single Channel Crack Growth

Perform Nasgro Analysis using Multi Channel Spectrum with

m] x

| [/ Lond Blocks | | i BubdSichedul | Flouautonion: | 47 Commtstions| |

[ J
. . .
Constant Linear Bearing to Reference Ratio:
L]
GECMETEY
________ . _ R . | B MaSFLA Crack Growth Analysic - 7 Tsinglein [no restrctions]
MODEL: TCO03-Through crack from hole in plate.
Pin Load DeltaK is based on compression clipping, Emin = Max[0,Emin] File Options Wiew Tools Hep
) . ) ] M Geomere | BMGan i | A Maie
from TCO03 to TCOZ is not allowed. St crach case fbrry | T2 - PR T —
t =
7 - TCO03
B = | —x 18
P
INITIAL FLAW SIZE (user specified) T_f_f_f_f_f s“ﬁ
_________________________________________ [ E—
2= &M
¢ (init.) = 0.5000E-01 T WE
P
Sa-ﬁ
ATERIAL t=thickness

: NASMF.XML

Z
: NASA

L-T;

LAa;

[schedule title]

Scals

Stress = Input Values *

Stress Scals ors for Block Case

o

data/NASGRO egn (single temp)

Room temp

Factor]

00

Scale Fac Stress 1.
Scale Fac Stress 0.00
Scale Fac Stress 0.0000
Scale Fact Stress 0.530

00

Seve disgram bo file

“widih, W 1 Fitial flaw ephion
Thickrezs, | L = Liger eriry
Hota dicnctee. O At ™ WASA atd NDE
Hole ch olls=l, B 15
Iridal Aas size, © (173
™ Set crach size limiis):
SIF Compounding

[ Enabl= Contruing Damage Fom TO03te TCO2

HNegaine Fin Load {Beanng Siness) Assumplion
* Compresson Cipping § Fmined, ten Fmin=0}
" Full Range lues actusl valuge of Kmin, Kmas:)
' Sign ncependent
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Crack Growth Results

 Comparison of Multi Channel Spectra Using Either Variable or
Constant Load Ratio:

* Variable Brg/Ref Ratio * Constant Brg/Ref Ratio @0.53
> Critical Crack Length = 1.1655 » Critical Crack Length = 1.1285
> Total Cycles = 2234194 > Total Cycles = 2545998
> Total Flight Hours = 22150 » Total Flight Hours = 25242

Life is 12% Lower Using Multi Channel Spectrum

* Constant Brg/Ref Ratio @1.40
» Total Flight Hours = 18530

Life is 17% Higher Using Multi Channel Spectrum

* When bearing stress is driven by a secondary load that is not linearly
related to primary load, large errors in results can be encountered

* Intheses cases, a multi channel variable spectrum must be developed
for each independent load source.
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Phase |l — Skin - Revised

Skin crack is actually

at staggered fastener
hole adjacent to crack
in stringer

* Revise Phase Ill in Skin to
Adjacent Fastener Hole and
Include Fastener Load due to
loads from highest damage
segment in spectrum

upP
@°

e Corner Cracks — Both Holes Crack in stringer
o acp = ccp = 0.005in

* Superposition
o Axial (no bypass, see Session 12)
o Bearing — due to shear flow

e Compounding
o Filled Hole
o Regular Hole (in AFGROW)
o Crack growing to Z-stringer
R&C Figure 124,s=1.0

o Cracked Stringer
R&C Report 75072, Figure 7,s =1.0 NAS1436 3/16” Diameter

100 Degree Countersunk
Lockbolts
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Stress Intensity Factor

F Kss = [O-Axﬁ‘qx + JBTQBBT.Q] NTaBrinBserBerka_str
o Bax, Berg built into AFGROW

1.0

© Bfi[lr ﬁstrr ﬁcrkd_str Based on highest damage 08 K/

coming from segment »
1023 which uses loads P

* Bearing Stress Ratio / from condition 10010 with

o . .
OBrg a 76% SR. Next highest is 02
o BrgSR = = 0.76 1025 for condition 10013 .
. o N
Oref with a 140% SR. o0 01 02 03 o4 05
Crack Length (in)
0.5
........................................................... 2
................... e
045 y=-3.0110 + 7.3399x - 6.6894x" + 2.765x° - 0.5283x%% + 0.0246x + 0.4749 * R&C Report 75072, Figure 7
R?=0.9928 18 Poly. (R&C Report 75072, Figure 7)
0.4
16
0.35
14
0.3
12
ey 0-25 y= -4.2359¢ +7.8738xX2 - 5.6522x + 2.7071
Borka_str 1 R2=1
0.2 08
0.15 0.6
0.1 0.4
0.05 0.2
* Rooke & Cartwright, Figure 124,s = 1.0
-------- Poly. (Rooke & Cartwright, Figure 124, s =1.0) 0
0 0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 09 1
0 0.1 0.2 03 0.4 05 0.6 0.7 0.8
alb a/b
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Phase Il — Skin Revised Results

0.7
Phase Il
Stringer Failure at
26856 flts
0.6
0.5 Phase llI Phase Ill Phase Il
Skin Panel Skin Panel Skin Panel
Py Failure Failure Failure at
.\% 13420 flts at 34000 flts at broken
04 broken broken stiffener
D stiffener stiffener without
% with with fastener load
— constant constant
% 03 fastener load fastener load
{ at 140% at 76%
@)
Phase la Phase Ib
0.2
0.1
0 —

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115

Thousands

Flight Cycles
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Updated Inspections

* Approximate analysis of the skin at the adjacent fastener
hole results in a much shorter life using 76% constant SR for

bearing but still supports a MLP inspectable for load path
failure approach.

Inspection = Visual for Broken Stringer

* Approximate analysis using 140% constant SR for bearing
does not support MLP. Skin fails prior to stringer.

Inspection = NDT for Cracks in Stringer
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Complex Spectra Impact

e Structure being analyzed may have stresses driven from multiple
load sources which require a multi channel spectra

* |ts imperative for complex spectra to be able to identify damage
sources so that contributing load sources can be determined

 Assuming a constant linear relationship between load sources may
or may not be conservative depending on structural detail

 Example illustrates impact of load transfer can be driving factor in
determining if structure is Multiple Load Path Inspectable for Load
Path Failure or Not Inspectable. This has large impact on inspection
requirements.

« Recommend that analytical tools should be capable of handling
multi channel spectra.
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SAVE THE DATE

OCTOBER 16-20, 20253

JACKSONVILLE, FL \
IN-PERSON & VIRTUAL

AERONAUTICA

ADVANCED
SPECTRUM &

DTA APPLICATIONS
COURSE

ﬁ for the practicing stress and
N damage tolerance analyst. With
a focus on civil and military
certification, all aspects of
damage tolerance analysis
process are presented in
detail. Everything from fatigue
loads and spectrum to crack
growth analysis and setting
inspection intervals are

This is a 40 hour course

JAMES BURD
FAA DER Structures & Damage Tolerance

President, Aeronautica LLC

DR. SCOTT FAWAZ Class includes : :
FAA RS-DER Structures & Damage Tolerance Tl reure covered. In depth discussion

of 14 problems of problem idealization and
and trial access solving provide a culmination

REGISTRATION AND MORE INFORMATION: to Aeronautica’s of all course topics.
. ASPEC Spectrum
aeronavuticavsa.com/courses/ P
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ADVANCED SPECTRUM AND DTA APPLICATIONS COURSE

ﬁRDNAUTIEA COURSE OUTLINE

-QOVERVIEW OF FAA DAMAGE TOLERANCE CERTIFICATION
~-FATIGUE LOADS AND SPECTRA DEVELOPMENT

Q INTRODUCTION

O FAA REQUIREMENTS & GUIDANCE

O FATIGUE VERSUS DESIGN ENMVIROMNMENT

O MISSION PROFILES AND USAGE

O AIRCRAFT PARAMETERS

O EXTERMAL LOADS

O INTERMNAL LOADS

O LOAD HISTORIES

O DYNAMIC EFFECTS

O SPECTRUM DEVELOPMEMNT
~-DAMAGE TOLERANCE EVALUATION OF STRUCTURE

1 = | O SELECT DETAILS OF INTEREST
e O STRESS AMNALYSIS

O IMNITIAL FLAW SIZES

7 - b
: © STRESS INTENSITY FACTORS
.i L L © MATERIALS
A T =

O DETECTABLE CRACK LENGTHS
O FATIGUE CRACK GROWTH MODELS

-
1 Da Short CDUTSE = : O INSPECTIONS
B i 5 ' — ) O DTA METHODS AND EXAMPLES
AUGUST 28 - Aircraft Airworthiness & Sustainment -2 DAYS OF IN-DEPTH REVIEW OF 14 WORKED
§ INDUSTRY EXAMPLES
Conference, San Antonio, TX, USA
NOVEMBER 27 - Aircraft Structural Integrity

Program Conference, Denver, CO, USA

Full 40-Hour Course
OCTOBER 16-20 2023 - Jacksonville, FL, USA

MARCH 2024 - USA
OCTOBER 2024 - USA

JUNE 2024 - EU
(In-Person & Virtual Learning Options Available)
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