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Tab.1 Fatigue performance parameters of the 2024-T4 aluminum alloy
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Fig. 1 Schematic diagram of the U-shape and the V-shape notch
morphology

I AREAT A T8 N 4 mm, JEE R R B IR 9 12
(2 mm) . PRAFBE T EREEARAR  WFFE B 2 A42 FTT H A
JBE XoF R 3R SR AR T B S, U R B 1 2 ARV R 0. 2~
2 mm, VBB E O BB A 15°~150°, BR S 4L
W2 FrR . RIS R ZDZ-20 B9 95 56 4L, 1
B 2(a) 7R o SHEA 4 Bk 1R it fin 57 2t , in 2
T R IE 5% 0% , R 8 T Ik Fn o #r , 3 B3k A b R=0, 2%
Tr A F=1 kKN, JMZAHN 0. 4 Hzo P2 951050 H 3848
AT F 3R N
F= e (2)

(b) DICHLEEE K () MAEZE
o A% BT 5 A T ledR L

H2 RREBSHHEZSHREER

Fig.2 Schematic diagram of the test setup and the specimen fatigue
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Tab.2 Geometric parameters corresponding to U-shaped and
V-shaped notches
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Fig.3 Evolution curves of the y-direction ratcheting strain at point A with cycle number
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Fig. 4 Influence of notch geometric parameters on three key fatigue parameters
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Tab.3 Fatigue life and predicted values of U-notched specimens

BREE ER/NBEEN  NARIE(E Iel BECNZE Manson-Coffin
f&/mm ABRE e, Ny ORI N N
0.2 6.166 1x10°° 0.007 1 101 77 73
0.6 1.748 1x10°° 0.006 1 180 200 146
1.0 6.727 8x1077 0.004 8 340 425 330
1.6 1.790 1x1077 0.0038 1224 1195 914
2.0 9.446 8x107* 0.0034 1956 1960 1707

F4 VEROMGESFESHNE

Tab. 4 Fatigue life and predicted values of V-notched specimens

BeE RN AR IEE tue f B%E 1 25 % Manson-Coffin

BEo) s . N, HNT AP
15 5271 7x10°° 0.007 0 89 85 76
45 4.796 9x107° 0.007 1 100 93 80
90 3.765 3x107° 0.006 5 129 110 102
120 5.520 0x1077 0.004 5 507 500 448
150 1.569 0x1077 0.003 6 1489 1420 1350

Sha okt H 2 oA R XoF ke 119 57 7 il B P R 2
R HISCHR 38 I PP 9505 , R SCHTI 75 i X 405 1098 75

Xt gz 22 8 M U 22 , 4= (8) iz , i Jy ik vl il
1 & A A /INTL 2 A B TR B
8=1gN'™ - 1gN, (8)
K77 2 (Mean Square Error, MSE) 1At 2 Fli 7
i U 5 v AR AR EE S X (9) R . AN [m]
RITON A5 A i 34 5 228 N2 S iR o & S mT AL, Je/ls
SRS I AR FAERI T UV I 2 Fhible 11 (9 000 45 7 22 (824
BN A B B AR B SR . 5 Manson-Coffin 5!
FHEG UV I BR CT 08 50 25 7152 25 3 51 B 41K 0. 004 48
H10. 004 51, FBZARL ELAT B4 A FOIAS E e

1 n
Enlsuzgzaiz (9)
iz

Ao, 8, AR B RS AR 0 PO 5 25 5 n o S
E .
2.4 AEHHRORST B OR RS
DIC F AL FE M 2 A 2R T 2 W AR T |, PRI 5
— A M [l 2 A RST A B RRTE . [ 12 B
78R U VBB E N [ RS A B B ROIE S . K12
AT, 2S00 X AR W 1 fOW AR LA 57 W 250 55 HE
PRFIE R 3 WY R X QAR ERE ik
05 BEWT X DAL EZEN M 2 FR e o HE— 2D MR
KB, U i 11 ROSE XoF e 008 A5 A0 52 e 8 K
Bl 12(a) Hr, r=0. 2 mm ifAE Y 2L i X 2ZRFE
Wi e A R R 12(b) L =10 0 mmix
FERZEB0Y" e X LA 55 W SORB) s ok &
x5 AEERFESEGTNEAE

Tab.5 Mean square errors of the fatigue life prediction
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Study on local cyclic plastic behavior of aluminum alloy with notched parts

based on digital image correlation method

ZHAO Xun LI Jian GE Junming SUN Tao ZHAO Yan WANG Zhenming ZHU Jianguo

Abstract: [Objective] Plastic collapse failure frequently occurs in notched aluminum alloy pressure vessels. The influence
mechanism of notch type and size on local cyclic plastic behavior was revealed to provide reference for accurate fatigue life
prediction of notched components. [Methods] Firstly, 2024-T4 aluminum alloy specimens with U-shaped and V-shaped notches
of different sizes were fabricated, and stress-controlled low-cycle fatigue tests were carried out. Secondly, full-cycle strain field
data at the notch root were obtained by digital image correlation method, and the evolution law of local ratcheting strain with
cycle number was analyzed. Then, key parameters such as stress concentration factor were calculated by finite element software,
and a fatigue life prediction model considering notch stress concentration factor and root steady-state ratcheting strain rate was
established. Finally, the microscopic mechanism of fatigue damage differences among different notches was verified by fracture
morphology observation. [Results] The results show that the steady-state ratcheting strain rate decreases significantly and the
fatigue life increases when the radius of U-shaped notch increases from 0.2 mm to 2 mm and the angle of V-shaped notch
increases from 15° to 150°. The proposed prediction model has higher accuracy than the traditional Manson-Coffin model, and
the mean square errors of prediction for U-shaped and V-shaped notches are reduced by 0.004 48 and 0.004 51, respectively. The
differences in fracture microscopic characteristics are consistent with the variation laws of macroscopic ratcheting strain rate and
fatigue life.

Key words: Digital image correlation; Notch; Cyclic plasticity; Ratcheting strain; Fatigue life; Aluminum alloy
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