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Abstract Aiming at the safety and economic requirements in practical engineering, a type | fatigue crack propagation rate
prediction model was proposed based on the Hutchinson-Rice-Rosengren (HRR) stress-strain field. The stress-strain distribution
state of the crack tip region was described by the HRR stress-strain field, and a crack tip damage area was defined under the
premise of considering the cyclic load and strain energy density theory. At the same time, in order to eliminate the problem of
stress singularity value of the crack tip, a passivation radius calculation method considering the passivation effect of crack tip was
established. Combining RICE's plastic superposition method with plastic strain energy failure criterion, a type T fatigue crack
propagation rate model was developed. The crack propagation rates of nine metallic materials were calculated using the proposed
LIUX(HRR) prediction model , and the calculation results of the two crack propagation prediction models of Pandey (HRR) and
CHEN-CAI Rice-Kujawski-Ellyin (RKE) were compared. At the same time, based on the different requirements of R fitting
effect and fatigue crack propagation in the three stages, the scoring results of three prediction models were given, and
corresponding scores were given from three aspects, safety, accuracy and economy. The final results show that the LIUX (HRR)
prediction model in this paper has a wider scope of application , better fitting effect, and can better meet the needs of economy and
safety in practical engineering.
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Fig. 1  Cyclic stress-strain field at the crack tip
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B M FR S B M EMAR . RGN

R =1 —i(yi—y)z/Z(y[—y)z (34)

N AE T A TR A LA AR R, BURSE RA(ER
ANBEFT PRy LN - AR R W, BN 001,20 R
(LM, A5 ey AR AR AP RORS i E  it
7 2T LI U164 B2 1) s AR A BRI RIS s
PEII Mk — 20 8% Dy E o M o XA B s b )
A BCRIEAT E AL AR B, iy ELid 5 8 03 i I AT LAy
B AN TR B A B E ) i 1, A 3 R 4 PR

#3 REMNERHE
Tab.3 Model fitting values R*

F¥Material  LIUX(HRR) Pandey(HRR) CHEN-CAI(RKE)
1<1>§N1%1 0-981 0.952 0.994
ST s 0975 0969 0985
zzlg-less_Tiﬁj?num 0.713 0.727 0.675
421?)05?11 0.991 0.994 0.983
707;?"1?65 ;Tlffium 0.654 0.582 0.726
822?)0?11 0.989 0.986 0.991
Aéii?B?lfﬂl 0.931 0.931 0.927
Egzétﬂﬂl 0.903 0.898 0.889
SAE-1020 4 0,958 1065 o

SAE-1020 steel
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Tab.4 Numerical scores for model fitting accuracy 18 Material LIUX(HRR) Pandey(HRR) CHEN-CAI(RKE)
#1 B Material LIUX(HRR) Pandey(HRR) CHEN-CAI(RKE) A5333-B1 4}
2 1 1
. A5333-B1 steel
10Ni 4§ | 0 5
10Ni steel E36 ) 2 1
2024-T351 4 | o 5 F36 steel
2024-T351 aluminum SAE-10204% 1 1 |
2219-T851 %IE‘I | 5 0 SAE-1020 steel
2219-T851 aluminum B3t Total 12 8 9
4340%K
4340 steel : ? ‘ 723,54 585 T LU B, Fik o FrbHEH T
707Z°T765'T16% | 0 > FOR i, LIUX(HRR) TR0IDKS B 1 3 AP0 bt /25 14, b4
= alumimum
8630 HHIIE WAL B 58 . Pandey (HRR) 5 CHEN-CAI(RKE)
1 0 2 _— - A
8630 steel 4 00 K R S A AR ], ELX) e b4 ) (R 406 0 B 25
s | | 0 BRI 25 IR LS 2 ) B TOUARS P S AR,
E36 , 1 . B TR Ao AL 750 6T A Ak P8 AR i A, 00000 5 S R A e I
36 steel e 0 7 T S5, R ) T80 B AN RSE . ARG
SAE-10204K . . N~ . ,
SAE-1020 steel ! 2 0 M5 , LIUX (HRR )5 2 5 J00RG 2 385 i Jis: v, 3 A7 e A1
3t Total 10 8 8 R E 0 B, I HLA A TS B B s s L B, B

Hali b UL 1 3 S L PR B 4
2 T VI I N T I <2 e w101 - s 0 AN A R G U S
5P TG 6 AR DL 2 43, B LA, B4R R 4 481 5K B
L A IR RS A O, AE SR TR L Sl R E
R %A B 3X — i AT O T &R i & A
(), AU B 2 A VR R YIRS — . H AR, 2R
UM AL 5 AR AF , BOAR SRE AR 2 A FEMUR A
RAHSE W R ABEN R TR, AFE 2T
WATEOR . 28 LTI, MEA K — 5 1 R i) 25, T g
W et R R T R . Bk 4 T 3
T A 75 F 5 0 A7 00, S e R O R R 3 Ry R (&
SRR B 2R ) RSE (A BB —F, 45
R PEr 254 2 110, BTSN AN 3 5 s .

x5 BREREEREFUEEEES

Tab.5 Comprehensive score of model security and economy

#1K} Material LIUX(HRR) Pandey(HRR) CHEN-CAI(RKE)
10Ni 4N
2 1
10Ni steel 0
2024-T351 48 1 5 {
2024-T351 aluminum
2219-T851 41 ) | |
2219-T851 aluminum
4340 4K
1 1
4340 steel 0
7075-T6 45 . . |
7075-T6 aluminum
8630 4K
8630 steel ! 0 !

75 9 Bl Ak Hh A TN 2 75 23 e e , i EL UG J3E 2%
RS X R U E A &, R HOE VS A8
R A T fE

5 it

A7 T R BUR i B AT R A () R 57 4
gry R s, 4 T — T 1 28 A 1 X
PEim T ARG R WA B, ARS8 aT

1) JEF HRR B J)-R 483, 4 T —Fo i 1
FRIE IR X RS e X, I BAE % BB ak
Uiy Bl Ak AR DA A BT (B G SE Rl L TR R T —Fh
TAHA 1 ALY 97 R R A1) LIUX (HRRO)BEAY

2)TE 9 BB RH FLIN AR H L 55 Pandey (HRR) /Y
fER T, LIUX (HRR) 2 3 H L5 ROR B8R 2 4
5 CHEN-CAIL(RKE) B f&~F #U /4 A 1 , LIUX (HRR) 3
DTS 28355 o 33X — md SEINAT B0 7 R 568 8 e fv
) 5P, e 7 7 R B W i 1) 22 2 PR P SR TR
Ko b, LIUX (HRR) B9 B4 BB AE AL, 42 Pandey
(HRR)Y CHEN-CAI(RKE) i 5 , il FHYE R ) iz .

3) X 0L ik AR B LA DR 25 SR AT T R
)Mo Horp FERGLYT R A 1 B BRI R 1R AE
B3, 8 B T B A 00, SR AE T S R A
I T LR A S A, T ECHIN 2 SR A . AR R
o7 7 1R B S ) S0 80 2R | T A > b =% R i iy
AR R ST o
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