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Relevance

* Appropriate inspection nhibited
. EAC Ambient w/e-data
intervals
C * Reduced inspection and
r maintenance burden

* Increased availability
* Decreased weight
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Background

* How does the environment affect crack growth

o Develop a robust database of crack growth rate data as
a function of exposure (P! )

o Understand the environmental fatigue process

« Can we slow the corrosion fatigue rate?
o Standard test protocol for inhibitor evaluation
o Effect of chromate on crack growth rate
o Effect of ionic inhibitors on crack growth rate
o Inhibitor leaching behavior

« Update life prediction software to
o Use appropriate rate data for given mission segment
o Track damage accumulation by segment
o Include new stress intensity factor solutions
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Flight Environment
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Fuselage Loads

* Pressurization

* 8,000-50,000 ft -5to -57°C
* f=0.00003-0.001 Hz

*  Hunt; Wanhill, 2001

Wing Loads
Primary Loading *  Taxi/Take-off/Landing
* Aggressive Maneuvers *  Wind Gusts ]
+ 230,000 ft = -44°C et Thus < 5C
e f=0.005-0.2 Hz . Jorge, 1979 Aerodynamic Loads
 Aicher, 1976; Aronstein, 1997 *  Fuselage/Control Surfaces

e 0-50,000ft; Thus 0-60°C
* f=0.0003-30 Hz
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Preliminary LEFM Modeling
Results

1.00E-01 . .
7075-T651  Modeling Requirements
C(T) Specimen o Environmental FCGR data
1.00E-02 -+ L-T o Defined environment by mission
R=0.5 . segment (taxi, takeoff, climb, cruise,
1 00E-03 - descent, flaps, landing, etc.)
) i o Known/assumed cycle frequency
>
S ¢
£ o000 éﬂ' T o Software that can accept the above
: P N AFGROW
= & ' .
o AFGROW Predictions
1.00E-05 A 0.027 Pa-s
NO DIP Single Corner Crack at Hole
0.027 Pa-s R=0.5; a=250um, c=250um
WITH DIP S00
1.00E-06 ¢ 1334 Pa-s
¢ B
P ® 0.2 Pa-s Cruise Altitude
R 0.027 Pa-s| (40,000 - 60,000 ft)
1.00E-07 ) o - o— B4 8 UHV
AK (MPaVm) & 2% P
g 200 + o =4
. 150 @ B =
1 week Large effect on life ——)',(_, .. _]_>
per teSt "nl(ll 1000 10000 100000 1000000 10000000
Cycles to 1.5mm
Integrity — Service — Excellence 10

v RGN RING  © 2015 SAFE Inc.



Crack Growth as a Function of
Exposure

0.025
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—0.027 Pa-s
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Significant effect on fatigue life and inspection intervals



Crack Growth Rate Data by
Mission Segment

Cruise
A Pr0=1Pa Descent
| Prao =2 Pa Concept
t Descent
i P.,o =70 Pa
t
u
d
e
Approach
Takeoff P20 =750 Pa
Przo = 1500 Pa Landing Post Flight Taxi
Preflight Taxi P,,, = 1500 Pa ‘““““ A Pr2o0 = 1500 Pa
PHZO = 1500 Pa T|me
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Boeing 707 WS360
Example
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Boeing 707 WS360
Enviro-Mechanical Spectrum

Smax | Smin Altitude | Actual | Binned

# Segment (ksi) | (ki) Cycles (1) °0) °0)
1 TAKEOFF -5.55 [-10.30 3 0 15.02 23
2 | FLAPS DOWN DEPARTURE | 15.82| 7.89 2 1000 13.02 23
3 INIT CLIMB 17.12 11.57 3 3000 9.07 23
4 FINAL CLIMB 16.30( 11.08 3 17000 | -18.65 -15
5 CRUISE 17.17| 12.16 4 34000 | -52.26 -50
6 CRUISE 18.60( 10.72 2 34000 | -52.26 -50
7 FINAL CLIMB 15.38| 12.02 2 34750 | -52.26 -50
8 CRUISE 15.51( 10.35 7 35500 | -54.21 -57
9 CRUISE 16.37| 9.50 2 35500 | -54.21 -57
10 FINAL CLIMB 13.38( 10.09 2 36750 | -56.21 -57
11 CRUISE 13.55( 9.15 6 38000 | -56.48 -57
12 CRUISE 14.32| 8.37 2 38000 | -56.48 -57
13 FINAL CLIMB 13.06 | 10.43 2 39500 | -56.48 -57
14 CRUISE 12.70( 9.13 4 41000 | -56.48 -57
15 CRUISE 13.78| 8.06 2 41000 | -56.48 -57
16 INIT DESCENT 13.38( 7.74 4 33000 | -50.26 -50
17 CRUISE 11.45( 7.86 3 25000 [ -34.48 -37
18 CRUISE 12.01| 7.30 2 25000 | -34.48 -37
19 CRUISE 13.24| 9.12 3 25000 | -34.48 -37
20 CRUISE 13.99( 8.37 2 25000 | -34.48 -37
21 CRUISE 17.59( 12.11 4 25000 | -34.48 -37
22 CRUISE 18.76 [ 10.94 2 25000 [ -34.48 -37
23 FINAL CLIMB 16.22| 11.61 3 29500 | -42.37 -37
24 CRUISE 17.16| 12.15 4 34000 | -52.26 -50
25 CRUISE 18.59( 10.72 2 34000 | -52.26 -50
26 FINAL CLIMB 15.38( 12.05 2 34750 | -52.26 -50
27 CRUISE 15.54 10.33 7 35500 | -54.21 -57
28 CRUISE 16.37| 9.50 2 35500 | -54.21 -57
29 FINAL CLIMB 13.41( 10.12 2 36750 | -56.21 -57
30 CRUISE 13.38( 9.41 4 38000 | -56.48 -57
31 CRUISE 14.38| 8.41 2 38000 | -56.48 -57
32 INIT DESCENT 13.56| 10.01 2 19000 | -22.59 -30
33 FINAL DESCENT 15.38 11.41 3 3000 9.07 23
34| FLAPS DOWN APPROACH |17.39( 10.99 2 1000 13.02 23
35 ROLL MANEUVER 14.41| 13.39 40 1000 13.02 23
v SAFE 36 LANDING ROLLOUT -3.54 | -6.57 5 0 15.02 23
I RGIAaET RIRG  © 2015 SAFE Inc. 37 GAG 18.761-10.30 1 Various | -34.28 -30




SpectrumManager
Mechanical Spectrum

Exceedance Plot RPlt |  Sequence Data Spectrum Data Spectrum Tags x

Sub Specinam Name
! Trarmng 11
| |2 37 0.763 0446 2 Trawieg 12
T .13 39 0696 0556 2 Traming 13
: |14 a1 0677 0487 a Traiming 14
| |15 a5 0,735 043 2 Traiming 15
! 16 47 0713 0413 4 Traiming 16
E |17 51 061 0418 3 Traming 17
| s 54 05 0389 2 Traiming 16
| o 5 0.705 0.485 3 Traimieng 19
, X w 0.74% 0446 r ] Trwewrg 20
: 21 61 0338 0846 4 Traming 21
| 2 55 1 as8 2 Traiming 22
| 1= &7 0,855 0519 3 Tesiesing 23
j ) 0 0918 0648 4 Traewng 24
l 25 78 0951 osn 2 Traming 25
| s 76 082 0842 2 Traiming 26
: z 78 0528 0551 7 Teaining 27 o
| s g 0573 0906 2 Traesng 26
1 2 g7 0.71% 0539 2 Traweng 29
| | 59 0713 0502 4 Traiming 30
| a1 a3 0757 A48 2 Traiming 31
[ |5 95 0723 9534 2 Traimieg 32
, a3 -1 082 0.608 3 Training 33
: |32 100 0227 0585 2 Traiming 34
| s 102 0.768 0714 a0 Trsiming 35
| s 142 0189 235 5 Trwesrg 36
;_‘s-‘ 147 1 4549 1 Traewng 37 -
Chart v 0 x
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SpectrumManager
Environmental Spectrum

Exceedance Flot R Plot Sequence Dats Spectrum Data Spectrum Tags x

D 3 2olumes Readwr 300 QR0 It hove 10 QASup Ry TR Columw

J Training X
“u:r‘mg.‘ a3
| Training 3 3
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i Trawung 3 50
| Training 6 -50
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] Tranung & 57 =
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{ Training 14 57
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SpectrumManager Metrics
Spectrum — Exceedance Plot

Exco Seguence Data Spectrum Data Spectoum Tags
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SpectrumManager Metrics
Spectrum — R Content

ExceedancePlot | RPot Sequence Data Spectrum Osta Spectrum Tags x
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AFGROW Input
Multiple Tabular Look-up Data

Materials | Crack Growth Rate Data v qx
- Material List A e
= General Material name: | 7075-TE51 SIFS 1334 Pa=s (UVa) : | | U
- Data Set, Temperature: -77 TEos - ” Crack Grawth Rate Data
- Data Set, Temperature: -65 7075-T651 + 1334 Pa-s T= 23.0
- Data 5et, Temperature: -57 < . 133 Pa-s
- Data Set, Temperature: -5( 1E04 C(T) Spec1men -~ —R= 0.00
. Data Set, Temperature: -37 L-T " e _Rf 0.00
.. Data Set, Temperature: -3( R=0.5 *8.25Pa-s :E; ggg
- Data Set, Temperature: -15 - *19Pas —R= U:UU
- Data Set, Temperature: -4 ' » 0.9 Pa-s = 0.00
- Data Set, Temperature: « 0.2 Pa-s —R= 0.00
—R= 0.00
< 1E06 . 4 0.08 Pa-s No dip
2 . .0.027 PasNODIP |
o R 1 ;
E L el *0.009Pa-snodip [/
- o ¥
EQ7 é, g .
: il
© A gRAALN,
o ok Nea, S
’.“ .\7 .~ £ 4‘
1E-08 v,’p w ',‘.,..
,.P-" - ‘:c .
0‘.‘p)"ﬁ‘ ‘. l*
Lol W)
> &
1£:09 ;ﬁf ’:‘.‘f:‘.-r
. ‘AA =8
" N "
‘ B
1E-10 A"
10 100
AK (MPayvm)
01 1 10 100 1000
0K Cancel Apply J: AK
1 Note: For R < 0.0, Kmax is used instead of Delta K

LA

SAFE

RGN RIG © 2015 SAFE Inc.
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AFGROW Input

Sq, M tae Vew Predct  loch  Repwt  Intistion  Veindow  Mep

ICER rwnxo Bee

Spectium hewaw

St
5 w07 ws %0 et -
= I Deuble Comer Coack at Hude - Qandavd Schsion
= 25 Lood
[ES At Stres Fractions |
B Bending Strest Fractans 0
l E-: Bearing Stress Factions 0
B Crack lengeh (C) =000027
[E Crack lengeh (A) =0.00127
9 Width (W) «0.02%4
& Thicknass [T} 2000258
(5 Hole Daeneter (D)0 D0ISGETS
BB 7075- 1658 595 1334 £3-5 (UVa) (Lookup Tabuser Data)
-85 7075-TES3 SIPS 0.009 (UVa) (Sat), Tempeeature: -73
5188 T07%-T651 SIPS 0.027 Pars (UV4) (Set), Tempentune: 45
%) @8 M075-T651 QPS 0.00 Pa-3 (WWal (Set), Temgersture: -5
31-% 1075-TESE SIPS 0.2 Pa-s (LVa) (Set), Tempersturs: -53
=) 8 T075-T43] SIP5 03 Pa-5 (UV3) (Set), Temperature: -37
] E TOVS-TESE SIPS 1.9 Pa-s (\Na) (Set). Tempersture: -3
< E T075-TES1 SIPS 625 Pa-s (UVa) (Defalt Sef), Terperature: 15
1 3 8 T075-T651 SPS 17 Pa-5 (UVa) {Set), Tempesature 4
P 8 T075-T651 995 134 (W) (5etl, Tempertorw 23
= @5 S State
= [ Spectium Fie - BI07_WaM0spT
@& NOCAL\Task SAFGROW\BIDT WS3S0.wp3
Ef SW=129350000
3 Pres 000000
s 59L=0.000000
8 Mo Spectrum Fiters
Y8 No Retardation
53 No K-Soktion Fiens
I B No Residud Stresses

I
1 08 5tatus

Medel Canotan Croe Desoption

|
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A AFGROW
dg0/05 RESUILS

1.2 Rotary Bolt Hole Eddy Current (BHEC) IAW TO-33B-1-2 (Figure 3) R B
! |
Aso as0/95 2 ',\ ]
Crack Crack Crack Crack » Diows. | t
Length, a Depth. ¢ Length. a Depth. ¢ 3 J | NaCTit _Nalnlt . .
%En% 0.040 inch 0.040 inch 0.050 inch 0.050 inch LE e I = In Itlal Inspectlon
Titanium: 0.040 inch 0.040 inch 0.050 inch 0.050 inch ‘i o7 7 2
Steel: TBD TBD TED TED g I N —N
Crack Crack Crack Crack / aCTit a’NDI H H
_ Length.2a  Depth.c Length.2a  Depth.c oy H — ReCUI'I'Ing |nSp9Cthn
ml?m?nour;f:mck 0.080 inch 0.040 inch 0.100 inch 0.050 inch 2
Titanium: 0.080 inch 0.040 inch 0.100 inch 0.050 inch Bl
Steel: TBD TBD TED TED
Figurs 3, Crack profile for inspaction of fastanss hods of Dore holas,
’g 2 Lab Air FCGR Data Environmental FCGR Data
£ N; = 76,798 INf = 137,656
- 1
s 1.8X Increase In :
c 4 . . !
(¢3] 1
5 Fatigue Life, I, H :
Q |
® 4 !
O * |
H, = 52,539 .
1
: "H, = 96,933 -
2 ] I :
: | 1
| = 26,270 : : |
| 1
1
1 | | =48,4671 ! : !
. Lo If Design Life = 716,000 cycles (39,000 FH)
| .
: I ! * Lab Air
0 5 b * 10 threshold, 10 recurring inspections for 10 part replacements
0 20,000 40.000 60000 o Environmental
* 5threshold, 5 recurring inspections for 5 part replacements

- "~
. . EN-SB-012 (C) NDI Capability Guidelines for
v SAFE Integrity — Service — Excellence USAF Aircraft Structures 29
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SpectrumManager Metrics
Spectrum — Exceedance Plot

Exceedance Plat R Pt Sequence Cata Spectrum Data Spectrum Tags

Legend

Ch

‘‘‘‘‘
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SpectrumManager Metrics
Spectrum — R Content

Q

1500 ‘
| | _________ _m_ -_II| I

.....................

...............

o ﬂ w*M”
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A AFGROW
dg0/05 RESUILS

1.2 Rotary Bolt Hole Eddy Current (BHEC) IAW TO-33B-1-2 (Figure 3) .l
. 1 -1
Aso as0/95 > ',\ ]
Crack Crack Crack Crack - = {0
Length, a Depth. ¢ Length. a Depth. ¢ 3 J | Na crit —Na init . .
Edge Crack 3 L —_—
Aluminum: 0.040 inch 0.040 inch 0.050 inch 0.050 inch 4 / GO I — I n Itl al I n S p e Ctl O n
Titanium: 0.040 inch 0.040 inch 0.050 inch 0.050 inch ‘i o7 7 2
Steel: TBD TBD TBD TBD - I N N
Crack Crack Crack Crack / — aCTit a’NDI R H I t'
Length, 2a  Depth. ¢ Length.2a  Depth.c : l i —_ eCU ITI ng nSpeC |O n
Mid Bore Crack | 2
Aluminum: 0.080 inch 0.040 inch 0.100 inch 0.050 inch 1
Titanium: 0.080 inch 0.040 inch 0.100 inch 0.050 inch \
Steel: TBD TBD TED TED 'l

Figurs 3, Crack profile for inspaction of fastanss hods of Dore holas,

E 5 Lab Air FCGR Data Environmental FCGR Data

E _ N; = 161,651 Ny = 269,777
s l.6X Increase In |
= . 1
5 . . 1
- Fatigue Life, I, H :
S :
5° :
1
fH, = 117,955 :

1 L}
2 : ! | H, = 187,145 :
| = 58,978 . : | !
1 ! 1
! y X 1 | 1
1 |= 93,573 ! ! : :
. | 1 : I 1
o o |
0 ! : ! i ! :
0 50.000 100,000 150,000 200,000 250,000 300,000

Cycles

L.____________________________________________________________________________________________________________________________________________|
. . EN-SB-012 (C) NDI Capability Guidelines for
v SAFE Integrity — Service — Excellence USAF Aircraft Structures 26
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Next Steps

* LexTech Capability Enhancements

o Spectrum Manager

= Each mission segment in the spectrum can have v
environmental parameters (T, P,,o, USer, etc.) defined

o AFGROW
= Accept multiple material data input v

* Verification - LexTech

e Validation - SAFE

o Compare to lab test results

o Can compare to in-service cracking results if the
data is available

v SAFE o Integrity — Service — Excellence 27



