2009 5 15

Applied Mathematics and Mechanics
Vol. 30, No. 5, May. 15, 2009

: 1000- 0887(2009) 05- 0538- O

XEE, HFPR. BEHE

© , ISSN 1000~ 0887

*

B

(1. , 610054
2. , 621703)
(FR% B4 &)
(GPLFCPRM)
LZ 0  A533- B AlZMgCu 0.5  0.5Cr 0.5Mo 0. 25V
0346.2;TB114.3 C A

DOI: 10. 3879/ j. issn. 1000- 0887. 2009. 05. 004

[1-3]

Paris ,
; Forman Paris
2 b Ath
(1- R)Kic(R )
; Elber s
[4- 10] (9]
) ) AK i (1- R)Kyc
[11]
* : o 2008- 1+10; 1 2009-03-04
« ” (YG060101C)
(1982—), s ( . Tel: + 86— 28— 83206719;

E- mail: jiantaoliu_ uestc@ 163. com) .

538



539

AK[h s
B AKth
Elber, Forman— Keamey— Engle,
, 1250  A533- B AlZoMgCuO. 5
, [4-6,9,11]
1
Paris— Erdogan " Forman— Keamey— Engle
B Elber L ],
da _ ppgm (1)
dN 2
da AK”
W= P R)Ke- ak (2)
da m
qv = D(AK= AKop) "™, (3)
Da m s R ’ AKOP
: Paris— Erdogan ;
Forman— Keaney— Engle AK
; Elber )
Paris— Erdogan, Forman— Keamey— Engle  Elber
s (2 Elber
Q= Dok = K™ (4
Dy my R (1-
R)Kic
[4- 12] AK AK
R (9] i )
da D> 2(AK = AKw)|™ (5)
dN = (1- R)Kic— AK I- R '
D,  m ; Kic .
(5) AK (1- R)Kic )
( )
[11]
d_a 4a |: os, cyolic;| I nyde AKZ KZ |:1 AK J 6
AN 7 02 (1= R) L E& oyt ( - AKnr)| 1+ Kic— K’ (6)



540

a B os, cyclic ’ 8f, o clic
5 E » Neyclic 5 Kmax
, AKth R R
[y
(6) ) ,
AKth D) ) B
2
Paris— Erdogan Forman— Kearney— Engle Elber
2.1
1(R=0).
®t=0 , 0,
A, 0;
@0< t< T/2, o ,
pe( : N
)3
@r=T/2 , o O
pl]’HX;
T/2 . 0
AC = pmax_ pO; (7)
@r/2< t <T, .
1 ,
Mr= 0 ,
1.
Aa = (pmax_ pO)_ (pe_ Q)) = pmax_ pe- (8)
da/dN ~ 10" ° mm/ cycle( ).
()~ (5) , Aa  da/dN
d_a _ m
Qv = D(Pua— 0" (9)
R io; pe 5 pe,eff N



541

g]\[_a: D(pmax_ pe,eff)m

R=20 ) pe, eff = pe;R =1 B pe, eff = pnux- pe, eff
pe, eff = pe+ R(pmax_ pe) .

. (1D (10)

da _ n
V= PLOI= R)(Pua= P)]
[ 11]
o _ 4K

max = b u( (Eef ()(h()(1+ Neyelic)

Q.
4K
pe = . al pmax - . _.1. n nie) "
K, }Eia)ﬂ 0 K (l};r.lm)m,o n i (“Ll(((EEf Q(h‘) (1 Mot/
) max = (Kmax)lh,();

p _ 4(Kmax) tzh, 0 :

T MO B i)

(Kmax) th O R=0 N

Kmax - th .

[1]

AKth,R = (1— R)TAKth,O,

, T R=0 s

R=0 , :
(Kmax th,0 = AKth,O-
(15) (16) (17) P

p _ 4K[hR
CT MO (B & enie) " (1= R)P
(12) (13) (19, r= 10, I

2 2 I+ ny ] m
d_a: D|:4(AK — Algtth) Ogcxclic i| 1+ L )
dN ]T( 1- R) Os, cyclic ng, oy clic KIC - Kmax

2.2
K= F(a) S G(a),
F(a) , ;S
(21)
K1 o< Sg,

=

0.5~ 1.0.

;6G(a)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(2)

()



542

AKgr = K. R — KuninRr, (24)
AKR
Kuak = T (25)
(4) (25 (5 (6) (20
My AK — AKwm)™ ’
g—;: D2 1—2R ({— R)ch—)AK’ (5)
da _ [(1- R)Kic— RAKJ[AK+ MKwr]
dv 1- R
4q [os wcm} et [AK - AKur] :
7o am Begud _ [(1- R)Ki- AK] ©
av = noz, eyclic E&cyclm
[ nho AK“ ((IA_KR)EIEH)AK[H R)Kic— RAKJ. (20)
3 :
1) AK th (1- R)Kic ,
(AK = AKuyr)"
[(1= R)Kic— AK]* (%)
kv ko ,
) AKT AKe o, (1) (2 ;o (6)
da/dN AKth, 5
s (3) (4 (5] (20 : : (3) (4)
R .
AK T (1= R)Kie . (1) (3) (4 ;o (2
(5 (6) (20 I
3) (D~ (4 (9 : :
4) (GPLFCPRM,(20)')
5) m= 1,D= a ,GPLFCPR ;m
= m2 5 5 B
(D~ (4. ; ()~ (6)
6) s s GPLFCPR
, GPLFCPR
Rice



543

, I( )
R ( ) [9, 11, 13].
1
11 1 1,1
_ 13] Iy [11] —_— —] —_ [11] Ly 9 —_ —_ —_ [11]
A 533- B AlZoMgCu0. 5 7 Cr 5 Mo 5V 1Z 50 57 Cr 5Mo 5~V
R 0.1 0.5 0 0.2 0.4 0 0.2
AKy/(MN*m %) 8.02 484 2.214 9.0 7.0 77.77 9.0
K1/ (MN * m™ ¥?) 109. 91 63.25 104 104 1341. 06 165
E/GPa 206. 89 80.2 230 209. 75 230
v 0.33 0.33 0.33 0.31 0.33
0 /MPa 476 465 422 329.94 834
0,/MPa 552 / 600 628. 96 1000
n 0.2145 0. 087 0.2145 0.170 2 0.170 2
& 1.16 0.092 4 0.35 0.543 3 0.2
2
R D m
LZ50 0 0.03 1.08
0.1 0. 009 1.08
A533 B
0.5 0. 009 1.0
AlZnMgCr0. 5 0 0. 009 1. 08
0.2 0.001 5 1.0
0.5Cr 0. 5Mo 0. 25V 0.4 0.001 5 1.08
0.2 3x 1078 1.08
0- -
- _4-
o 2] 2 1
s ‘ ]
5 6 —=— Elberfiii! 57 —— Elberki!
3 ] —e— RKHIBLR S ~107 —— XA
2 ] —— PSR 2 —— SRR
] —— RICRIY -121 —— AR
o S H ] o S HUN
~101 144
s 20 25 3.0 35 0 20 40 60 80 100
lg (AK)/(MN-m™*?) A K /(MN-n*"?)
2 LZ50 (R= 0) 3 AS33-B (R=01)
1, n 1
(911, 13) 2~ 8 GPLFCPR 2.
1) 2~ 8 , Elber



544

(lg(da/dN) / m)/cycle

GPLFCPR 3
GPLFCPR
—1-
_4_ ]
3 -6 3
) i 3
E ] g‘&
% ] —s— Elberf#i7 3 5] —— Elberfiiz
T 10 —— BARIB T —— kR
2 —— PR 2 —— R
121 —— R Ih -9 —— R Ih
_l/l ¥ T T T T T 1 _ll T T T T T T T 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70
A K /(MN-m*?) A K /(MN-m*?)
4 A533-B (R= 0.5 5 AZnMgCu 0.5 (R=0)
- ]
_5-
3 —— Elberfii/ S -9l —=— Elberfit /!
3 9 —— B ) —e— KB
4 —— GRP AR T —— KPR
e A —— AR
-11- o SIS -114 o SEG A
0 10 20 30 40 30 60 70 80 90 0 10 20 30 40 50 60 70
AK /(MN-m*?) AK /(MN-m*?)
6 0.5Cr 0.5Mo 0. 25V (R= 0.2 7 0.5Cr 0.5Mo 0. 25V
(R= 0.4
_g] 2)
-104 , ; Elber
-121 o,
] - ; 2 6 7 (20)
~14] —e— RAIK TR GPLFCPR m s
e TR
] —— Rhn S
16 o SIH , ,
20 40 60 80 100 120 140
AK /(MN-m*?)
" 3) 2 m D

(R= 0.2

2



545

4) GPLFCPR ,

5) GPLFCPR ,

1)

2)

3)

[14- 16]

, , GPLFCPR
( AKw) ,

GPLFCPR

, GPLFCPR

B

4) GPLFCPR ,

(3]

(4]

(5]

(6]

(8]

’ Rl ce

, GPLFCPR

[ ]

Chiewanichakorn M, Aref A J, Alampalli S. Dynamic and faigue response of a truss bridge with fiber
reinforced polymer deck] J] . International Journal of Fatigue, 2007,29(8): 1475— 1489.

Wang B, Siegmund T. A numerical analysis of constraint effects in fatigue crack growth by use of an
irreversible cohesive zone model[J] . International Journal of Fracture, 2005, 132(2): 175- 196.
Patankar R, Qu R. Validation of the state- space model of fatigue crack growth in ductile alloys un-
der variable— amplitude load via comparison of the crack— opening stress daa[J]. Intern ational
Journal of Fracture, 2005, 131(4) : 337- 349.

Paris P, Erdogan F. A critical analysis of aack growth laws[J]. ] Basic Eng, 1963, 85(3): 528 - 534.
Forman R G, Kearney V E, Engle R M. Numerical analysis of crack propagation in cyclic— loaded
structure[J] . ] Basic Eng, 1967, 89(3):459- 464.

Elbe W. The significance of fatigue crack closure[A] . In: Damage Tolerate in Aircraft Structures
[ C] . ASTM STP486, Philadophia: American Society for Testing and Material, 1971, 230- 242.
Richards C E, Lindley T C. The influence of stress intensity and microstructure on fatigue crack prop-
agation in ferritic matericals[ J] . Eng Fract Mech, 1972,4(7):951- 978.

, .LZ50 [J]. , 2005, 26

) )

(8):997- 1002.



546

[9] , , . [J]. , 2006, 42(11): 120- 124.

[10] Ekwaro- Osire S, Khandaker M P H, Gautam K, et al. Effect of reference loading and arack configu
ration on the stress intensity fadors in weight fundion method[ J]. International Journal of Frac-
ture, 2006, 139( 3/4): 553 - 560.

[11] , , , . da/dN [J]. ,
1982, 16(1): 33— 42.

[12] , , , . Elber [J]. ,
2005, 22(5): 99— 104.

[13] Paris P C, Bucei R J, Wessel ET, et al. Extensive study of low fatigue arack growth rates in A533
and AS508 steel[ A]. In: Stress Analysis and Growth of Cracks, Proceedings of the 1971 National
Sym posium on Fracture Mechanics —Part 1[ C]. ASTM, STP, 513. ASTM International, 1972, 141-
176.

[ 14] Morais A B, Pereira A B. Interlaminar fracture of multidirectional glass/ eproxy laminates under mixed
- mode I + II loading[J].Mechanics of Com posite Materials, 2007, 43(3): 233— 244.

[15] Martin V, Jaffre J, Roberts J E. Modeling fractures and barriers as interfaces for flow in porous media
[J].SIAM J Sci Comput , 2005, 26( 5): 1667- 1691.

[16] Savruk M P, Osechko M P, Panasyuk V E. Deformation fracture ariterion for bodies with v— notches

under the conditions of longitudinal shear[ J] . Material Science, 2007, 43(1): 46— 52.

Research on New Model of Long Fatigue Crack
Propagation Rates for Structures

LIU Jian- tao', DUPing- an', HUANG Ming- jing’, ZHOU Qing'
(1. College of Mechanical and Electronic En gineering,

University of Electronic Science and Technology of China ,
Chengdu 610054,P.R .China;
2.China Gas Turbine Establishment, Jian gyou , Sichuan 621703,P.R . China)

Abstract: By comparison of the characteristics of existing models for long fatigue crack propagation
rates, a new model called generalized passivation— lancet model for long fatigue crack propagation
rates(GPLFCPR)and the general formula for characterizing the process of aack growth rates were put
forward based on the deduction of passivation— lancet theory. The GPLFCPR model overcomes the
disadvantages of the existing models and could describe the rules of whole fatigue aack growth pro-
cess from the aacking threshold to the critical fracturing point effectively with explicit physical mean-
ing and also refleds the influence of material characteristics, such as strength parameters, fracture pa-
rameters and heat treatment, etc. Experimental results, testing with LZ50 stell, AlZnMgCu 0. 5, 0. 5Cr
0. 5Mo 0. 25V steel and so on, are used to verify the new model, which show great consistency. The
GPLFCPR model owns much value for theoretical research and practical applications.

Key words: long faigue aack threshold; cyclic stress ratio; fracdture roughness; propagation model



