%46 % 4% 8 P - S S ¢ Vol. 46(8):115 — 123
2025 4 8 F TRANSACTIONS OF THE CHINA WELDING INSTITUTION August 2025

AR R BRI E &MY 6 S HIE 5 RIE

wmE, FER, FHF, xAF
(1. K BB T IR (TI%) A BRA RETTAA A, FETT, 2120005 2. FOEB T R2E, A0 THREABE, JGE, 116024;
3. A2 EEF T IE S CAE B4 E S S0 =, K, 116024)

B BotR e RIS 45 PIHE RAYEREZEATAN G H 4538 2, SR -5 508 0 T 2ARLE, OCKR 2/ iR -5 AR
Z I G| AT R B BRI, T B RS M B S PR RE. SR 1T LG Jm e BRI ST RS G2, BEAT T DU 25 il 3 571X, Ao 1
BERTT R T 2 WA R FL B A, ARG B BT 2R Ry i e s 56 T N SRR IR T SR AU, i — 204 7s 1 B G ok
MR 57 AT VRN B8 IR AT . 52 R3R W, 9 55 IR XA T HOLIR B G X, RECIEIL AL & e A, 2 I i IR
TS RIS 4 Ji 5 FES AR 2 IS T TR A SO CAR DI 25 7 A 55 R, {HL by T AN R R ARGHO LA RD UR Bl 5 1) 2 S S 3
O R BEAN ), 0T 1R G B aURE, AN [ B i DO BRI R I XL

YRR TR U S 2 e 551, fa 7 1O G R IO R S A I R AL S AR BRI 7.

KB WOCH,; B8 IS GG ; 9857 A R R s SR
FEHES: TG 456.7 SCERARIAAS: A doi: 10. 12073/j. hjxb. 20240515001

Mechanism of longitudinal bending fatigue failure of metal sandwich
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Abstract: Laser-welded metal sandwich composite structures are increasingly used in the field of ships because of their excellent
properties. However, compared with the traditional welding process, laser welding will introduce more complex welding defects
between the panel and the web, which will seriously affect the fatigue properties of the structures. The four-point bending fatigue
test was carried out with an I-type metal sandwich plate as the research object, and the test results were discussed by macroscopic
analysis and scanning electron microscopy to obtain the crack initiation and propagation process. Based on the cohesive force model
theory, numerical simulation was carried out to further reveal the crack propagation behavior of an I-type metal sandwich plate
under fatigue load. The results show that the fatigue source region is located in the heat affected zone of laser welding, where the
cracks first start and then spread along the web and the panel. Fatigue sources are generated in the laser welding area of multiple
webs and lower panels of sandwich plates. However, due to the difference in initial defects in laser welding of different webs, the
crack propagation speed is different. For the sample of I-type metal sandwich plate studied in this paper, the propagation area of

different cracks presents a stepped form.

Highlights: Through four-point bending fatigue tests, the failure mechanism and specific destruction process of the laser-welded
metal sandwich composite structure were revealed.
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Table 1 Chemical composition test results
fr'E C Si Mn S Cr Nb Y Mo Al
[l 0.075 0.303 1.37 <0.005 <0.005 0.014 0.017 <0.005 <0.005 0.031
JE AR 0.077 0.308 1.39 <0.005 <0.005 0.014 0.020 <0.005 <0.005 0.032
GB71272011 <0.18 <0.50 0.9~1.6 <0.025 <0.025 <0.20 0.02~0.05 0.05~0.10 <0.08 >0.020

(EH36)
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Fig. 3 Weld metallographic structure diagram
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Fig. 7 Constitutive diagram of cyclic cohesive model
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Fig. 18 Crack propagation path and scope diagram
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Fig. 19 Crack propagation diagram. (a) crack initiation; (b) crack stable propagation; (c) crack unstable propagation
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