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Case Study 1. Leading Edge Spigot of the Hawker Hunter
Aircraft

Critical Location
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Situation & Goal

» Cracks of ca.10 mm length detected at spigot radius during maintenance in 2020
Upper side Lower side

« Permit-to-fly for 25 FH based on preliminary fatigue analysis
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| oads — Load cases

Al A2 1

» Reference Load Cases of Hawker adapted 0| Mitary m787789§5kzg/ : \ |

to the civilian envelope 55| ¢/ Lcs o}
« Total of 6 Load Cases used for further

investigations (need for LC5 and LC6 :

arose from the selected methodology) 8 el Los
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Loads — Method

Cor

* No suitable tool found

» Fit Cp distributions from wind tunnel data,

provided by Ruag

« Transformation to pressure distributions as

external loads for FE models

%)

)

oo § a=25° M =0.95 used for LC2
i %%, Modified from [1]
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FE Modelling — Method

Detailed parts: spigot and socket

Meshed with hexagonal solid elements whenever possible

» Less elements and higher accuracy than tetrahedral elements

Integration in GFEM

* Glued contacts between spigot fitting and fuselage Fr 19

« Spring and RBE3 elements between socket and Rib A

Linear contact between spigot and socket
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FE Modelling — Method

CPENTA,

linear
CPYRAM,
parabolic,
ﬁ?nl-;E:(A, CTETRA elements inside

CHEXA,
parabolic

L
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FE Modelling — Method

Contact surface with hole for the locking pin, Contact surface in the socket,
serving as the source serving as the target
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FE Modelling — Results
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Qutput Set: NASTRAN LC2
Elemental Contour: Solid Max Prin Stress in MPa
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Mean distance from root
e (.82 mm

--a-- Average shell values

Value type
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Fatigue Analysis — Method

Material data from BS S.99 instead of BS S.98,

extrapolation of da/d/N data to AKy, 55[ | 175
e Spectra: FaMoHu5.5 and FaMoHu7.5 0 il <
(modified FALSTAFF 0f 2x35°966 P &V, & *° 1*° z
representing 200 flights) h | &
% 0 | | [ o %
* Crack initiation using Citime g | 5
KTDLS = 1700.9 MPa at n, = 7.5 g 2% 353

» Crack growth using Afgrow 55 s
6 17S|383 35%366

Cycle index
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Fatigue Analysis — Method CG

 Rod model selected from Afgrow

« |nitial crack length estimated from

inspection protocol @init = 4.89 mm

 Critical crack length determined based on
r=12.72mm

¢ =15mm
Ainit = 4.89 mm

maximum bending stress @crie = 9.55 mm

e Stress distribution from DFEM considered

using normalised stress correction factors

13
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Fatigue Analysis — Results CG

Crack length @ in mm
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a.y = 5.55 mm at 2820 Flights
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Fatigue Analysis — Results CI

KTDLS in MPa
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Fatigue Life Discussion

» Past life cannot be explained with results from Citime and Afgrow: 5613+1100 = 6713 flights
or 5613+2820 = 8433 flights

e 3 possible causes

« Material: size of initial defects, i.e. Cl at multiple locations merging into a visible macro-crack
« Unusual load cycles not considered in the FALSTAFF sequence

* No information, how reliable the da/dN data for BS S.99 material are

» Residual fatigue life of 2820 flights, inspection interval proposed with SF =5 (from an

engineering point of view) corresponds to 560 flights

16
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Critical Location

Case Study 2. DTA of De Havilland Vampire
Wing Main Attachment

17
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Wing attachment area

Critical Location - *
Case Study 2. DTA of De Havilland Vampire
Wing Main Attachment
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Goals of this study

 Definition of inspection intervals for the critical locations of the wing main
attachment

» Definition of additional critical locations of this a/c
(in order to define inspection intervals based on CG-analyses in a later study)
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V-n Diagramm mit den Lastféllen

8
Enveloppe DeHavilland
 Total of 6 Load Cases used for further ——Envelogpe CS-23 guf SL. Ui
. . . Enveloppe CS-23 auf 2500 m LdAd I.CAS
Investigations 6 I' e Lastfille (EAS)auf S.L. in
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Remarks: LCA6 was not considered anymore for further analysis
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Loads — Method

e CFD simulation to define Cp distributions of each load case

« Transformation to pressure distributions as external loads

for FE models

21
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FE Modelling with ANSYS

Ansys
Héhenruder i

i Model used for stress determination
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B R s Ans
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FE Modelling — Results DFEM
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FE Modelling — Results DFEM
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FE Modelling — Discussion

e Linear solution calculated with ANSYS

» Most critical fastener holes defined by DFEM

* Thru-stress and Bearing-stress at most critical fastener holes from DFEM
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Fatigue Analysis — Method

« Material data from BS S.99 instead of BS S.98 _ii i
(inner splice part with attachment lug and Loogos | T
pipe parts) - —
é 1.00E-07
« 2024-T3 material data S
(outer splice part, a.l. lower flange of main spar) Z Lo
=
Z AK in [Izv{;Pa Vm] 300
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Fatigue Analysis — Method

—s— Falstaff Zivil von -1.00g bis 4.00g
Falstaff Militar von -3.33g bis 6.67g

o Spectra: FALSTAFF civilian (-1.0g to 4.09)
FALSTAFF military (-3.33g to 6.67Q)

10000 F
—s— Ermiidungstest von DeHavilland

o Comparison of spectra by means of Ag

1000 f
3
—_—
=
e

'?_; 100 |
)
=
=
n

10 +

0 1 2 3 4 5 6 7 8 9 10
Ag gemiss Ramflow
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Fatigue Analysis — Method CG

Splice part: Single corner crack at hole Vuel Variante 2
model selected from Afgrow

17.145

27.67
27.67

Initial crack length a,, = 1.27 mm (0.05")

|
[
[
T

28.575

Critical crack length determined based on
Crack length criteria (V1: 20.6mm, V2: 35.3mm)

57.15

Thru-stress and Bearing-stress from DFEM
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Fatigue Analysis — Method CG

@11.18

Pipe part: Single corner crack at hole |
model selected from Afgrow | / o

90.48

Initial crack length a,, = 1.27 mm (0.05") /
Half of pipe circumference

Critical crack length determined based on
K., failure criteria

max

Thru-stress and Bearing-stress from DFEM
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Fatigue Analysis — Results CG

Splice Part Pipe Part
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Fatigue Analysis — Results CG

Splice Part

Safe-Life Lebensdauer De Havilland 1800

Max. Lebensdauer AFGROW Simulation 43118

Erstes Wartungsintervall 21559
Pipe Part

Safe-Life Lebensdauer De Havilland 1800

Max. Lebensdauer AFGROW Simulation 20055

Erstes Wartungsintervall 10027
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Fatigue Life Discussion

« CG Lives for both investigated parts very long,
l.e the a/c can be used in civilian usage mode for very long time

e 2 possible causes

 FALSTAFF sequence is assumed for civilian usage

* No information, how reliable the da/dN data for BS S.99 material are
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Final Comments

Very big effort made for

* |oad determination
 FEM investigations

Reasonable effort for fracture mechanical selection

FALSTAFF Spectrum assumption is to be questioned
Remarks: no other standard spectrum available, however !l

Material data for BS S.99 is to be questioned
Remarks: no other data available, however !!!!

It can be concluded that in general a big effort is always made in Load and Stress determination

as well as in Fracture Mechanical Model definition.
However, little effort is made for Spectrum and Material Data definition. This is due to lack of

available data.
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