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Abstract

Plate-like specimens of ultra-high strength steel 300M were fabricated by laser melting
deposition manufacturing process using vacuum melted/argon atomized elemental powders in
the thesis. Temperature field within the plate-like specimens during the laser melting
deposition process was simulated using the ANSYS software. Microstructure of the
as-deposited 300M steel was characterized by optical microscopy (OM). scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and X-ray diffraction (XRD).
Formation of the microstructure was discussed in term of thermal behavior during the laser
melting deposition process. Hardness profile along the depositing direction and room
temperature tensile property of the as-deposited 300M steel were also tested. Results showed
that:

(1) The characteristics of thermal behavior during laser melting deposition process were
as follows: Heat flow was conducted in the direction opposite to the depositing direction. Due
to heat accumulation effect, temperature gradient at the solid/liquid interface front decreased
gradually with the increasing deposition height; Temperature variation of the laser deposited
specimen has characteristics of rapid and unstable thermal cycle because of the particular
manufacturing process of laser melting deposition; Side effect occurred at the edge of the
plate-like specimen due to the application of reciprocating scanning mode.

(2) Laser melting deposition process has high temperature gradient and great cooling rate,
The specimen has fine cellular dendrite microstructure. The prime dendrite arm spacing
increased with the increasing deposition height, which is due to the heat accumulation effect
of the laser melting deposition process.

(3) The boundary of the deposited layer of the plate-like specimen was curved upward
from side to middle, which is influenced by the side effect of the reciprocating scanning mode.
Due to the reciprocating process, a big melting pool formed at the side of the sample and
cellular dendrite is not sharply unidirectional due to the side effect. In contrast, the dendrite in
the middle of the specimen is extremely unidirectional.
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(4) Microstructure of the as-deposited 300M steel varied significantly with the increasing
deposition height. The sample has a mixed martensite/bainite microstructure in the
middle-upper part. a carbide-free bainite plus island-like martensite/austenite duplex
microstructure in the middle-lower part and a tempered martensite and bainite mixed structure
in the lower part.

(5) The plate-like 300M steel specimen with a uniform microstructure was fabricated
through the improvement of processing parameters and increase of substrate size. The
room-temperature tensile strength was 1 895MPa with the elongation rate 6.7%, which was
comparable to that of the corresponding forgings. The fractured surface of the tensile test

specimen was mainly composed of dimple and the fracture mechanism was ductile rupture.

Key words: laser melting deposition, ultra-high strength steel, microstructure, mechanical

property, temperature field, numerical simulation
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