5 3155 6 ]
20144 6

Vol.31 No.6 T B h 2
June 2014 ENGINEERING MECHANICS 35

XEHS: 1000-4750(2014)06-0035-07

KHAWEMERMIEK G EZN R
WL 7T v S AT RI T 5T

B AR, PR RAER?

(1. KB TAENL TR, K& 130022; 2. HEMIS LB, Jbat 100028)

O RIS A S IR S M B AT T IR o BERZASIRL S R A E PR EUE K Tk
HNEER SSFRIHAT T 43 A vPAl, IS Rg &5 AT T . 450, WRRDPAL i BAT AP VPR RS . 4
SR M 2 1 B0 K TR G5 R A7 G AT A BT I, D 250 R 50 6 S5 A SR A 57 TR A T UER RV A, 4540 75
T IR PPAG 45 SR URR BB A 45 R A0 TR e B RS B S AR AR 4K o

KHER: WA % AR VP MRETEREOBRKINE: RIS TR RS

mESHS: V214 ICEMEERD: A doi: 10.6052/j.issn.1000-4750.2012.12.1021

STUDY FOR LIFE PREDICTION OF RIVETED ALUMINUM ALLOY
STRUCTURESUSING DETERMINISTIC CRACK
GROWTH ANALYSISMETHOD
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(1. Changchun University of Science and Technol ogy, College of Mechanical and Electric Engineering, Changchun 130022, China;
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Abstract: Fatigue testing of a typical model of an aluminum alloy aero-riveted structure was carried out. The
deterministic crack growth analysis method and equivalent SSF method were used to make life assessments of the
model and the assessment results were compared with the experiment results. The results showed that the two
assessment methods both had good prediction accuracy. Initial structural fatigue must be accurately assessed
experimentally when predicting structure life with the deterministic crack growth analysis method, because the
structure life assessment results closely reflect the size of initial structural faults.
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Table1l Block spectrum of theload spectrum

T ok RS PRI JH IR
1 0.59~3.59 R 212.20
2 0.5g~3.5g9 RE N 89.00
3 1.09~4.59 R 20.70
4 1.09~4.59 RE N 6.90
5 4.59~5.5g9 R 11.70
6 0.5g~5.5g9 R 31.64
7 0.0g~6.0g R 3.00
8 1.09-5.59 R 11.00
9 2.5g~5.5g9 R 200.00
10 1.0g~5.0g R 95.00
11 1.59~6.59 R 3.28
12 0.0g~4.0g R 93.65
13 0.0g~4.0g REN 38.75
14 1.09-3.79 R 319.95
15 1.09~3.79 R 109.79
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Table2 Fatigue test results and life assessment results
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Fig.2 Fracturein riveted structure specimen
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Table3 Dataobtained by FEM simulation needed for
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Table4 Initia fault sizes with different reference crack sizes

a /mm 0.6 0.8 1.0
14 18 2.1
68.2 76.9 813
9.1 107 11.9
AR 1K T 1 3 fum 3081 2002 2724
23 26 29
1296 1234 1371
17 22 26
12.7 12 106
128 145 128
PN KSR I 8y fum 25 29 a1
95 8.9 7.8
2 23 24
57 52 46
14.4 138 13.9
813 86.4 91
BRI T g lum 105.7 122 1389
296.2 341 3625
3 2 13
1473 178 189.1

XISCHMA K, In(a, 1 ag) RS 5 Weibull
o)A, BIn(a, 1 ag) HIMER 5 R R 30N -



T ®

f(In(a /a,)) = _i |oa (In(a, /a,))* e’ " ) 8 >a,

a <q,
)
Hr, a>1, | >0. BRI S %a fl
Iﬁﬁﬁﬁﬁm,Tﬁ:
a= - n
na ((In(a /aq))* Inin(a, /ag;))
— - Inin(a, /a5 )
a (n(a, / ay))*
i=1
)
| = n )

a (In(a /2g))*

i=1

TR HE VR SR AR (2 B (B 72, I e
LMK Q)7 MRS ERLG R o, 24
a Fil 1R vHE . LABRZE IR~ 5 s /N A fdcdls
e a,=0.8mmif, In(a, /a,) At a =2.2853
Fl =0.0350 (1S5 Weibull /3o 55 I )
R 2 22 i 288 DA R AR A1 X 6 00 R 45 1 A bR I
Kl 6 Fir.

0.5
0.4r
031
ta
g 021
0.1+
0 L
0 2 4 6 8 10 12
In(a,/ap)
Kl 6 In(a,/a,) MRANIRIAZEL Weibull 43 A HE 5 45 FE i £ 1
IR EHE AR

Fig.6 Probability density curve of the Weibull distribution
governed by In(a, /a,) and bar chart of experimenta data

AETSE T In(, / 2g) IR LA LUR  MIES
i 8, =0.8mm IR, 4 LE AR B A
BB 3 RN HSE (8 8, /€ IR P i
T

P33, <%9= P(In(a, /ay) = X) =
&0 ey
1-Qlat® e dt = (4)

WA X Q) rT LIS R 7 s ag SR P 2
K ER, AlLE S, WERZSRIXF R PR,
) &g ) _E -t

200

150+

100+

aoft] _EF/um

50

0 20 40 60 0 100
Plao<(a/exp(x)))
K7 a, LSRR PAOCR I
Fig.7 Relationship between the upper limit of a, andthe
probability P
32 FHFaiffl
7 i VAR 75 LA 2 ) 27 MR EL i o AR Y
N FEGH R 2 BREARMESE R e . a4
FERUE IR Paris 544, FHRIS AT A AR IC T 3K
1300 ] 1 b S 7 S R O 1Y) LT S
e, DUE A e 0T LIRS R S [ g 3 PR I
Tl 2 A B 8 B iy A T, sl BT FL R
RZETERM By IF HPIA I 23 53 Ak 32 3 S hd
Ri)s s . ATLATE R0, A s T
B[R] (13 A i [ 20 AR 2 I ST 4 N g (S, +8,) 1 2)
Y5 C BT fUR A L P A F)FT AR —
22 N 7 i B DR (1 28 00, 1T B ) R C il R Y.
SER 6 DR U R AR, AT A I A TR X
N 1 g 1 E, R TRPRZS 1S v s, M

P, W LARI &3k SSFvEEAT 73 i PEAL I SR A3 1)
TR R SR Y, AnEE 5 TR

o 1 +s,)/2

AREAREN HHHHT

= (o— o) = (ci-o)w|

&l = o Q}

A B Vé

T TR

a1 (s,+s,)/2

K8 T FLILZRE IS IV g ik B DR 1 SR At ) e it s T
Fig.8 Problem decomposition for solving stressintensity
factor of crack tip a ariveted hole

F5 BUARTEITESENATINETLARL RIR
Kz /158 E Fit B eV iE
Table5 Dataobtained by FEM simulation applied to

calculate the stressintensity factor of crack tip at ariveted hole

s, /MPa s, IMPa FIN
R 26.51 22.76 540.654
RN 26.23 22.52 534.91
FEGSE T 28y AR, I HAg o T 490
S5 KRN T LI RS i I g 5 BT 1 o B8 ) R



40 T 7%

o

ZJa, e AR EARNESE N, SR 2 ar oAl
48 IR 50 A BT 25 6 7 10 A JIRASE IS 48 1 35467 B 4
BB ay K/ e 76 3179 Ll i K R a1
WILRTREFE ay b FHE ML A R, FRAHs bR
SRAF T MR P 10%2 3748 K31 90%H Fr % v (1)
3y FAHE. R FMR P R a1 EAYE
R, FERUL A BR R ARKESE T BT S5 8 (1) A5
PEAL, a9 R, A3 algs TR PR A
L RIS . (RSP, SHLRLd 2
4.8mm A VPG 205 T SN TR
YRR B, DRI — 28 55 13k B 5 1 2 I
RIS EA LV 20, ARSI VPA 45
RRAEKMSGAE

6

0.1

gy BKEa/mm
ST N w s o

<

1B FHAIN/(<10° A 1K)
KO ai ik ff s MR SO T AN A3 2 AN R PR
Ry epite
Fig.9 Crack growth processes under different probabilities P
obtained by the DCGA method

ATUAE R, UGG ay 1 L FAUI N, L
PR BRI S R DR (R a2 g i
JEWT ) A REHE N AU I B 10 4474k B
8y I LA BORIN, SR 2 AR PRt NGRS et
Bto WIahk e ay EI I E AEAR KRR L e 45
P BT PI 2 A BRGNS R B, 1M
— B B AE AR RE S b g R SR ) i o
PR TT A, )Rk b a b S RO e AEAR R B
FLIRPRGE T SR e PP R B R A 2R g — i
KL, SR AT T IR B R A 45 R O™ EARH T 146
BB @y IR, S AL AT i DAL 4 R S R
b a AR AR AL o PRI, 2SR A o 1 2t
LR SOFRFS ey ] P gt X ) I P I 4 AL )
P B B A 57 ST AT VRER AN BRI DAL 2 ARk
HE

U RAC IR B B ag AN B I — 45 e (E I
P IESEIFR A — R ATEERE 15, WAk 10 fik 2
B, JXP AT SE DB R, S5 A3 di R P4l 4 Rk
R OBORSY RZ, XML EE A, WE R A

PP S R, Bl TEk. Wi 10 Prs, X
Pl RAFE) T AR VIR A IR . AT 5L
25%Itf, WREAIRG PGSR 86 s T
2y 2690}, PEAGEE RAARE S R M T 0~y HAT
FELEHE, VPSS RBOR ST TR AR T4 25%
I, PSS RAR B 4 R T a ks, HL T 5E A
%, PPAGEERBIER . (H)E, 2mTHERE A 10%42 1k
2 90%IN, PPAL A RUAL AL 45 R = A5 20 X
(8] Z N S0 R A MR R ik 7
AT REAT PP R ORI 2 PR 1

1000 Lo oo oo Co-----o-----—-—-—L------=:
R AT N

800 - - RIn AR
& == VAl 45 SR 3% S PR
’.’i'#?m 600 t ~ TGS 3 BT IR
& 400/ \\\
e

200+

O L L L L
0 20 40 60 80 100

P(ao=(a/exp(x)))

K10 A e RGO T IV A B A I PR
IOESSTsRSCEAE JAESRA T vE2E QP
Fig.10 Life assessment results under different probabilities P
obtained by the DCGA method and comparison with the
experimental results

4 i

ASSOR U € MR GUE KT ER T — Rl B A
RN A0 & SRS AT T 73 A DA,
[ Bt R 074 1B 0] A0 2 4 8 M P 1A T 9 57
3 A VPG ISR SSFAREAT TR LLIEAE s T, JE
3 At v S R e ) R (R I ek SR P 2R
KT VEREAT 73 i VEAG IR0 AN AT 2 (0 B 40 S
o IR IAS 2 K75 dr VP A 4 ROE 1 16 45 Rk
ITHE, 0T 45

(1) R T E RGO K5 T30 45 K 74 i ik
AT ATt s A 2B VR0t 45 ) S i 57 o gk
TrHER PP, SR 73 dr I PP 8 R S IR K B
SR ARG )T 8y ESRIARALTTAZ AL .

(2) RATHRE VEREUB KT E MG SSF X
FOL 22 0 £ S B0 5 R RS LA T A i DAt 1) 5 SR AR
LRI 45 RS, Bos H R IPAL TR R PP
HOR o R THEVEROGUGKIEN S, WAL
AV HIAG R B RO ag AN 4 E EIOBER P
FEGTIIPR A — Bl AT SE RE A, I ] e B8 e
Gk 73 A IO PG 45 R TR ]z, X FAT e



2 4

FEBAR, Gk 73 fr IO PG 45 Rl T ek

(3) e MR EUEAC T ARG A ok 175 B 3
RUE T 6 T REOY i A7 i MR L 7 i 73 S 2k
MIHE, G HIEARMESE Mok T 2t 75 dnir
AT, Jf HLAG S5 TSR A IR 1 R IR
ARILE, P OERE AR 2 s

EEpa

[1] Yao W X. Stress-fidld intensity approach for predicting
fatigue life [J]. International Journal of Fatigue, 1993,
15(3): 243—245.

[2]  RUSCHE, BXHOM. e AR NS daldN 2 R B v
SERHEEE[). WS 244K, 1993, 14(2): B33—B38.

Liu Wenting, Zhao Yanxiang. Back-calculating method
for determining parameters of da/dN equation of

relatively small crack [J. Acta Aeronautica et
Astronautica Sinica, 1993, 14(2): B33—B38. (in
Chinese)

[3] X, XISCHE. AR daldN 22 5 H gl g
SER[T]. AERUEI TR Be 4, 1998, 14(3): 43—50.
Zhao Yanxiang, Liu Wenting. The experiment method
determining the parameters of da/dN eguations between
the range of relatively small crack length [J]. Journa of
Beijing Institute of Civil Engineering and Architecture,
1998, 14(3): 43—50. (in Chinese)

[4] R, XISCHE. M AR AT AR IR e PSR G

Kok (3. bt @SR TR E B 2E 4, 1998, 14(3):
85— 95.
Zhao Yanxiang, Liu Wenting. “The extended
deterministic crack growth analysis” of durability design
[J]. Journd of Beijing Institute of Civil Engineering and
Architecture, 1998, 14(3): 85— 95. (in Chinese)

[5] FEZ, XICHE. EIFS 3t v A 5 ik ot
[J]. HLIkEE)E, 2010, 32(5): 795—800.

Dong Yanmin, Liu Wenting. Anaysis and test on
generality of EIFS distribution [J]. Journa of Mechanical
Strength, 2010, 32(5): 795—800. (in Chinese)

[6] BN, HEER, FIRCH, XISCHE. B2 A0 2R
55 A dim o3 A (T BUE R 5 23 T (3. TREJ) %, 2010,
27(8): 217—222.

[10]

[11]

[12]

[13]

He Xiaofan, Dong Yanmin, Yan Youwei, Liu Wenting.
Simulation and andaysis of fatigue life distribution
characteristic of multi-details structure [J]. Engineering
Mechanics, 2010, 27(8): 217—222. (in Chinese)

SRS, Wk TR, WM. A T A A o HT I AR AL
SSF L[], fias -k, 2009, 30(2): 271—275.

Zhang Chengcheng, Yao Weixing, Ye Bin. Equivalent
stress severity factor approach for fatigue of
multi-fastener plate [J]. Acta Aeronautica et Astronautica
Sinica, 2009, 30(2): 271—275. (in Chinese)

BRI, BAER, MR, S WU S MERATE T
PrFMHM]. P22 RPLA M BRI T, 1985: 147.
Xue Jngchuan, Wei Zhiyi, Yang Yugong, et d. Fatigue
anaysis handbook for aero structure connecting
component [M]. Xi’an: Aero Structure Strength Institute,
1985: 147. (in Chinese)

PGS, X, BT, A TRRL SR TCGE 3
£H)[M]. dbRt: T E AR L, 2002: 77.

Yan Minggao, Liu Bocao, Wu Shiping, et a. Practical
handbook of engineering material (volume 3) [M].
Beijing: Chinese Standard Publisher, 2002: 77. (in
Chinese)

ST LGB R AR A ERE TR 148)[M].
Jeats s Dk HikctL, 1996: 247— 251

Wu Xueren. Handbook of mechanica capability for aero
structure metd material (Volume 1) [M]. Bejing: Aero
Industry Publisher, 1996: 247—251. (in Chinese)

HSCHE, HEAT, FORE, S5 MR WD) S M
15 75 BRI APEIMY. b5 BT MR R 5 R,
1999: 144—168.

Liu Wenting, Zheng Minzhong, Fe Binjun, et al.
Probabilistic fracture mechanics and probabilistic damage
tolerance/durability [M]. Beijing: Beihang University
Publisher, 1996: 144— 168. (in Chinese)

Wi fl. MR8 58O g M]. dbat: Bl i hice,
2000: 162—167.

Chen Xiru. Probability theory and mathematical statistics
[M]. Beijing: Science Publisher, 2000: 162—167. (in
Chinese)

o RSBt o T A i A7 B 11 LY ) e | S e
L, 1993: 4—5.

China Aero Institute. Handbook of stress intensity factor
[M]. Beijing: Science Publisher, 1993: 4—5. (in Chinese)

(255 34 10D)

[11] Birk C, Prempramote S, Song Ch. An improved
continued - fraction - based high-order transmitting
boundary for time-domain analyses in unbounded
domains [J]. International Journa for Numerical Methods
in Engineering, 2012, 89: 269— 298.

Prempramote S, Song Ch, Tin-Loi F, Lin G High-order
doubly asymptotic open boundaries for scalar wave
equation [J]. Internationd Journa for Numerical Methods
in Engineering, 2009, 79: 340— 374.

Prempramote S. Development of high-order doubly
asymptotic open boundaries for wave propagation in
unbounded domains by extending the scaed boundary
finite element method [D]. Sydney: The University of
New South Wales, 2011.

Birk C, Song Ch. A local high-order doubly asymptotic
open boundary for diffusion in a semi-infinite layer [J].
Journal of Computationd Physics, 2010, 229: 6156—

[12]

[13]

[14]

[19]

[16]

[17]

6179.

Birk C, Prempramote S, Song Ch. High-order doubly
asymptotic absorbing boundaries for the acoustic wave
equation [C]// Proceedings of the 20th International
Congress on Acoustics. Sydney, Austraia, 2010.

Wang X, Jin F, Prempramote S, Song Ch. Time-domain
analysis of gravity dam-reservoir interaction using
high-order doubly asymptotic open boundary [J].
Computers and Structures, 2011, 89: 668— 680.

FH, SV, Bk U S XTI I T 1 7 S i
Gt AR [J). KA, 2011, 42(7): 839—847.
Wang Xiang, Jin Feng. High-order doubly asymptotic
time-domain plane transmitting boundary  for
hydrodynamic pressure |. Theoretica derivation [J].
Journal of Hydraulic Engineering, 2011, 42(7): 839—847.
(in Chinese)



