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Calibration of crack growth model for damage tolerance analysis
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ABSTRACT
This paper introduces the calibration results of the fatigue crack growth models for damage

tolerance analysis of the aircraft structures. Generalized Willenborg model and Wheeler model are

calibrated with experimental data tested under the load spectrum of a trainer. The retardation factors

such as, shut-off ratio in Generalized Willenborg model and shaping exponent in Wheeler model, are
evaluated for aluminum alloys AL2024-T3511, AL7050-T7451 and AL7075-T73511. It is shown that the
retardation effect of the crack growth rate depends on the yield strength of material and the maximum

stress in the load spectrum. Generalized Willenborg model and Wheeler model give satisfactory

prediction of crack growth life but the calibration of the experimental parameters with test is required.

F87]%89] : Damage tolerance(£/431-84), Durability(}74)), Crack growth retardation(ZFEAAAS),
Crack growth rate(:FE84AE), Overload(#8}l%), Load spectrum(sHE2HEH)
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[Z 1] Mechanical properties

Yield | Tensile | Young's K
IC
Material | strength | strength | modulus e
k) | Gks) | (ks |LB )
AL.2024-
55 7 1 25
T3511 7 0700
AL7050-
7 31
T 66 7 10300
ALTOTS | o 74 | 10300 | 33
T73511
a) CT
B
l Y |
; ¥
O |Ta Db I
{b) CCT
[228] 1] Specimen Configuration

J GFrlE $EOE, AL2024-T3511, AL7050-

T7451, AL7075-T735110)t) 3714 A8
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Tension) ¥ CCT(Center Cracked Tension)Z 21
¥ 19 Buker 2ok CCT Al FYol= 76
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[Z 2] Specimen dimension{Unit : mm)

Specimen W | B D

a
AL2024-T3511 | 65.0| 16.0| 162 13.&

CT [AL7050-T7451 |{50.8|10.0| 12.6| 10.0

N
AL7075-T73511 | 40.0| 10.0| 12.7| 10.0

CCT | AL2024-T3511 | 38.0] 50| 16.0| 76
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(3% 2] Flignt by flight load spectrum for wing
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(o]
factor)& 100 kst in BEZ Tk MTS FUAE
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dste} FEINEE SRS H=ZAE F 77
Hog dIHolE A on, CT A1g9s 24
COD(Crack Opening Displacement) A|°J#x&, CCT
Ao 7S olFERBE o8t AlE AHS
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(32l 3] Photo of CT specimen test
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(23] 4] Plastic zone size due to overloading
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Summary of test results

Spectrum | Specimen Material Max. §tress Specimen | Crack length(mm) Life
(ksi) No. Initial Final (Fhrs)

Wing CCT AL2024-T3511 23.00 WS#01 10.08 23.01 13,340
F-B-F AL2024-T3511 23.00 WSH02 11.29 22.85 12,150
Spectrum CT AL2024-T3511 11.45 WSH#03 15.00 40.36 20,868
AL2024-T3511 11.45 WSH#04 14.00 42.42 23,654

AL2024-T3511 14.32 WSH#05 14.00 37.25 10,716

AL2024-T3511 14.32 WE#06 14.00 35.35 10,720

AL7050-T7451 11.75 WSH#O7 11.50 29.73 10,154

AL7050-T7451 11.75 WSH#08 11.50 29.05 10,827

AL7050-T7451 11.75 WS#09 11.50 29.82 12,049

AL7075-T73511 8.07 WS#10 11.23 24.58 10,300

Fuselage CCT AL2024-T3511 20.50 FS#01 9.40 24.84 21,462
F-B-F AL2024-T3511 20.50 FS#02 10.96 24.74 17,783
Spectrum CT AL2024-T3511 11.74 FS#03 15.00 38.45 19,090
AL.2024-T3511 11.74 FS#04 15.00 39.63 21,840

AL2024-T3511 11.74 FS#05 15.00 39.50 21,000

AL7050-T7451 10.47 FS#06 11.50 34.12 16,090

AL7050-T7451 10.47 FS#07 11.50 34.48 17,100

AL7050-T7451 10.47 FS#08 11.50 34,00 14,840

AL7075-T73511 10.28 FS#09 11.23 22.04 5,460
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10 F 3 40: -—— Analysis, $=2.850 . ]
3 | O Test, FS#01 !
. " ) L = 35| ---- Analysis, $=2.900 ! _
ta 10 100 E r 1
K, (ksiin") ;(; o ]
£ 25 y
g) L P
(28 5] Comparison of da/dF between test data 2 200 ]
and analysis data § ST ]
10 I
[E 4] Calibration results of retardation factor, > L ]
Sand m 0o . 5000 10000 15000 20000 25000.30000
Retardation Flight hours (Fhrs)
Specimen ) Stress
No Material state factor
' S m (22! 6] Calibration results of retardation factor S
WSH01 AL2024~- P Stress| 2.850 | 1.260 for AL2024-T3511, CCT specimen
T3511 ' ' '
AL2024-
WS#04 T3511 P. Stress| 2.930 | 1.105 o5 S -
AL2024_ s0 N nge?llzec:lvvgzsgborg model _
WSH05 P. Stress| 2.900 | 1.073 - e -
T3511 CH o Tesromn ]
AL?OSO_ —~ 40 ---- Analysis, $5=2.910 d e
WS#08 P. 3250 | 0. E 5[ ; ]
T7451 Stress 973 E % ; _
° 30 /' -
AL7075- £ L0
WS#10 P. St 3.300 | 0.915 2 25 L0 .
71 | OTess s I ]
AL2024~ s I 1
FS#01 P. Stress| 2.900 | 1.180 o 5 7
T3511 w0l ]
AL2024- s [ ]
FS#03 P. 2. . I ]
T3511 Stress| 2.910 | 1.110 . L
AL7050— 0 5000 10000 15000 20000 25000
FS# P. . 92 Flight hours (Fhrs)
06 T7451 Stress| 3.300 | 0.925
FS#09 AL7075~ P Stress| 3.150 | 1.070 (22! 7] Calibration results of retardation factor S
T73511 for AL2024-T3511, CT specimen
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0 5000 10000 15000 20000 0 5000 10000 15000 20000 25000 30000
Flight hours (Fhrs) Flight hours (Fhrs)
(2% 8] Calibration results of retardation factor S [22! 10] Calibration results of retardation factor
for AL7050-T7451, CT specimen m for AL2024-T3511, CCT specimen
40 T T T T T 55 T I T T L T v T
Generalized Willenborg model 1 50 _ Wheeler modei _
35 O Test, WS#10 . || O Test WsS#05 i
Analysis, $=3.300 ) 45 |4 —— Analysis, m=1.105 .
30 O Test, FS#09 i | o Test FS#03 )
---- Analysis, $=3.150 40 H ---- Analysis, m=1.110 d‘ -
E - £ -
o © ]
£ 2 . £ ]
[=) .
s 5 ]
x 15 . ot 4
£ 8 '
O 10 e o 1 ]
10 + .
5 - - 4
5 .
0 " 1 i 1 1 0 i L 1 n 1 A 1 P | L
0 5000 10000 15000 ] 5000 10000 15000 20000 25000
Flight hours (Fhrs) Flight hours (Fhrs)
[228] 9] Calibration results of retardation factor S [218] 11} Calibration results of retardation factor m
for AL7075-T73511, CT specimen for AL2024-T3511, CT specimen
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(22 12] Calibration results of retardation factor m
for AL7050-T7451, CT specimen
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[O&! 13] Calibration results of retardation factor m
for AL7075-T73511, CT specimen
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[E 5] Retardation factors of G. Willenborg and
Wheeler model by material

G. Willenborg(S) Wheeler(m)
Material

Wing | Fuse. | Wing | Fuse.
AL2024~

) . 1. 145
T3511 2.893 |2.905 146 |1
ALT7050-
T45L 3.250 {3.300 0.973 10.925
AL7075-
T73511 3.300 ‘3.150 0915 |[1.070
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different retardation models for specimen
FS#HO3

TelA Henler o] Al@dnel FEAFAA
295 1esAl ¥ d=% ZA3HNo retardation)
= AT Aolg Holn Stk Eg %719 2R
Basic Willenborg 29& “:o”?'f] 8] B4 (non-
conservative) 02 &E& & £ Uk e
Generalized Willenborg _‘?_‘3‘__1?% Wheeler 5d& A
o} Yxar Sivk wakA, HEsHA FEERTEE

d&3l7] HsiMe Agrs SFLHER u}% T4
AHAA B9 AAAFES] wAo] BFHeE 2
FEt.

4. 2 B

o°('

Fg7] 729 &35Esidd AREL Qe 78
ARA AR AAAFE AP Frksigen,
Generalized Willenborg 243 Wheeler 2d& o]



=2 /FE 77| 2

L35tk 337] 729 Fa S AREHL e
G2 EIE  AL2024-T3511, AL7050-T7451 2
AL7075-T735119) tigle] vlsid) vl &5 ~HE
HalolA H2AES T

B OATE Edlo] AL2024-T3H11%  AL7050-
T7451 2 AL7075-T73511¢) 37K Ajgo] oig
Generalized Willenborg 223 Wheeler 299 A
AAFE R 798 AdEde g
HEH 9P 2 s Isglon, g5y
E FE-5o] 45 4% nAe Ada
A7t A FrlEQ 28s, Mg weMe 7d
ARl vXe AQEIpt bd2A Jegoen], 383
go| E45 AaRt FL 02 WAHAL w
ZHA, FEAE FEdFe AHE Fol7] Hslire
FEAA AR ] wHYo] WiHolz} Az}

& 1

MO
ok

(1] Wheeler, O. E., "Spectrum loading and crack
growth”, J. Basic Eng., Trans. ASME, D,
Vol94, 1972, pp.181 ~186.

[2] Willenborg, J., Engle, R. M, and Wood, H,
A., "A crack growth retardation model using
an effective stress concept”, AFFDL-TM-71-
1-FBR, 1971.

[3] Elber, W., "The significance of fatigue crack
closure”, ASTM STP 486, 1971, pp.230~242.

[4] Gallagher, J. P., Hughes Y. F., "Influence of
yield strength on overload affected fatigue
crack growth behavior in 4340 steel”, AFFDL
TR-74-27, 1974,

(5] Petrak, G. J., Gallagher, J. P, "Prediction of
the effect of yield strength on fatigue crack
growth retardation in HP-9Ni-4Co-30C steel”,
Trans. ASME, 1975, pp.206~213.

[6] Gallagher, J. P., Miediar, P. C.,, Cross, C. W.
Papp, M. L, "Crack 95 system user's
manual’, University of Dayton Reaserch
Institute, 1995.

[7] Finny, J. M., "Modelling for Fatigue Crack
Growth Prediction in Aircraft”, Fatigue Frac.
Engng. Mater. Strut. Vol8, No.3, 1985, pp.
305~333.

ST TAE1£8 3] ASE A45(2002d 129) /77



