845 % %5 P - S S ¢ Vol. 45(5):38 — 46
2024 %5 F TRANSACTIONS OF THE CHINA WELDING INSTITUTION May 2024

4% SR X B 51841 #l1&E 800 MPa 2k F 5 58 X
HA SRR

S, FEm, EALS TE, 280, B, pzr'
(1. WL Tl R, MU TR, AT, 3100235 2. P EISIAE T A A w55 -£ — TLFSeFr, 3%, 4710235 3. SR acis SCnh
AR PR ], T AR LA Se R R AR Al 5 52803, 1M, 510715)

TEE: TR HE SR 800 MPa S FH =i R B34 M AR (4R ZH 205 M RE R 2], SR FH B ST A Rl i B AR AR AN TR T2 R L
FUT 800 MPa i F s A 12, JF4 Lt AT O U AR ALy 24 PR RE IR, W v D7 T ORI, MR = B A IR R
AN Ih FCARZH 280, s RN TS SRy HOPR FER IR R 244 + Rtk DL CQ AR 21, /K7 188 B 1) A9 JE IR 3243 31 A 708 MPa T 652
MPa, Hihris 4> 319 895 MPa F1 831 MPa, —60 °C i et 43514 66 T F1 86 J; YSHE ) UARMT, M4 A% A4 28 4 /N
FER R R 2 PR AR 250K 5 DA, Jitt ISR B BT h 5 B 430135 21 929 MPa 1 1020 MPa, —60 °C i IR IR BE &k 92 T, 455 %
A, 800 MPa 2 fifs FH i ik 4 184 B4 4 14 119 g 2 1k B X AT S 8 X ) AR M A s, DAL R = mT DU R 4R T L2 & Dy 2
PERE.

BIFTAR: (1) KRR IE R HEH AR SZI T 256 J154MEBE R A7 800 MPa i F s AR 45 14 i il

(2) #8877 T 800 MPa i FH =i s AN B4 A il i 2 it ) A SRR WA 215 2 PERR Y SE M LA

SR FELOIIG A 3 s TP = iR A s ROZE S URE s 2= PEfE
FESES: TG 442 XHERFRIRED: A doi: 10. 12073/j. hjxb. 20230605004

Effect of heat conduction mode on microstructure and properties of 800
MPa class marine high strength steel fabricated by wire arc additive
manufacturing
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Abstract: In order to study the effect of heat conduction mode on the microstructure and properties of 800 MPa class marine high
strength steel additive components, 800 MPa class marine high strength steel components were deposited by wire arc additive
manufacturing (WAAM) technology under different processes, and microstructure characterization and mechanical properties
testing of components were carried out. When deposited along the height direction, the bottom microstructure of the component is
mainly acicular ferrite and martensite, the middle and top microstructures are massive and acicular ferrite + granular bainite. The
yield strengths in the horizontal and vertical directions are 708 MPa and 652 MPa, the tensile strength are 895 MPa and 831 MPa ,
and the impact absorbed energy at —60 °C is 66 J and 86 J, respectively. When deposited along the transverse direction, the
microstructure of the component is fine acicular ferrite and lath martensite, the yield strength and tensile strength reach 929 MPa and

1020 MPa respectively, and the impact absorbed energy at —60 °C is 92 J. The results indicate that the mechanical properties of the
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800 MPa class marine high strength steel WAAM component are highly sensitive to the heat conduction mode, and optimizing heat

conduction process can significantly improve its comprehensive mechanical properties.

Highlights: (1) The manufacture of 800 MPa class marine high strength steel structure with good comprehensive mechanical

properties is realized by using wire arc additive manufacturing technology.

(2) The effect of heat conduction mode on microstructure and mechanical properties of 800 MPa marine high strength

steel in additive manufacturing process was revealed.

Key words: wire arc additive manufacturing; marine high strength steel; microstructure characteristic; mechanical property
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Table 1 Chemical composition of welding wire
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Table 2 Mechanical properties requirements of 800
MPa class marine high strength steel joint
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Table 3 Process parameters of WAAM
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Fig. 1 Macroscopic morphology of 800 MPa class ma-
rine high strength steel components fabricated by
WAAM. (a) component deposited along the hei-
ght direction; (b) component deposited along the
transverse direction
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Fig. 2 Microstructures of different regions of the com-
ponent deposited along the height direction. (a)
top region; (b) middle region; (c) bottom region
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Fig. 3 Microstructures of components deposited along
the transverse direction under two cooling mo-
des. (a) metallographic structure under air coo-
ling; (b) metallographic structure under water
cooling; (c) SEM morphology under air cooling;
(d) SEM morphology under water cooling
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Fig. 4 Microhardness distribution of formed parts under
different additive processes. (a) deposition along
the height direction; (b) deposition along the
transverse direction

(a) R T BRI

(b) & ARk

5 A[E WAAM ¥ ¢ shhrfmfn i il iR B E R B E

Fig. 5 Schematic diagram of extraction positions of
tensile and impact specimens in different WAAM
components. (a) component deposited along the
height direction; (b) component deposited along
the transverse direction
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Table 4 Mechanical properties of the component deposited along the height direction
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Table 5 Mechanical properties of components deposited along transverse direction under two cooling modes
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Fig. 7 Macroscopic and SEM morphology of low tem-
perature impact fracture of components under
different additive processes. (a) component
deposited along the transverse direction under
air cooling; (b) component deposited along the
transverse direction under water cooling; (c)
component deposited along the height direction
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