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Fig. 1 Schematic of laser melting deposition forming system
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Fig. 2 Principle and equipment of inside-laser powder feeding. (a) Device; (b) principle
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1 304 B fb 2 oy
Table 1 Chemical composition of 304 stainless steel
basal plate
Element Mass fraction /%

C 0. 04
Mn 0.93

S 0. 004

Si 0.378

Cr 18. 83

P 0.04

Ni 8. 11

Fe Bal.

2 Fedld & BH AR ER

Table 2 Chemical composition of Fe314 metal powder
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Fig. 4 Model of formed part . (a) Three-dimensional model; (b) critical forming points; (c) base plane and coordinate

system transformation
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Fig. 5 Diagram of forming stage change
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Fig. 6 Diagrams of typical forming stage. (a) Sub-circular stage; (b) near-tetragon stage
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Fig. 7 Schematic of continuous gradual slicing method. (a) Diagram of separating and splicing method in one layer;
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(b) diagram of continuous slicing method in each layer
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Fig. 8 Matching diagrams of scanning velocity and laser power in forming process. (a) Schematic of scanning velocity

changing in each single discrete unit; (b) schematic of laser power changing with the increase of forming layers
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Fig. 9 Coordinate transformation of any spatial point P in base CSYS and tool CSYS. (a) Coordinates of point P in base
CSYS; (b) position of base CSYS relative to base CSYS; (c) coordinate transformation diagram
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Table 3 Laser melting deposition forming process parameters

Parameter Value
Laser power /W 2100-4000
Defocus distance /mm —8.57
Scanning speed /(mmes™~ ") 7.0—10.0
Powder delivery amount /(gemin™") 45.9
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Fig. 13 Forming stages. (a) Sub-circular stage; (b) near-tetragon stage; (c) sub-square stage
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Research on Continuous Gradual Slicing of Twisted Variable Cross-Section
Structure through Inside-Laser Powder Feeding by Laser Melting Deposition

Jin Lei', Shi Shihong', Shi Tuo®, Wei Chao', Zhang Rongwei', Zhang Qi', Wang Yu'
" Laser Additive Manufacturing Research Center, School of Mechanical and Electric Engineering, Soochow University,
Suzhou 215021, Jiangsu, China;

* School of Optoelectronic Science and Engineering, Soochow University, Suzhow 215006, Jiangsu, China

Abstract

Objective  Many structural components, such as twisted variable cross-section structures, are used extensively in
various industries, including aerospace, biomedical devices, ocean machinery, or other fields, such as marine propellers
and combustor chambers of jet engines. Most parts have geometric characteristics, such as large-angle twists, large-angle
bends, and spatial gradient-change cross-section structures. Under some working conditions and application requirements,
the abovementioned twisted variable cross-section structure parts are difficult to process using conventional subtractive
manufacturing techniques, such as the casting and milling processes. Using powder-feeding metal additive manufacturing,
such as laser melting deposition (LMD) technology, can effectively avoid this problem and achieve excellent precision and
near-net shaping of complex structure parts without a physical model. There have recently been a few reports on the route
planning for this type of geometric characteristics structure in the field of laser melting deposition technology, both at
home and abroad. Thus, a continuous gradual slicing and discrete method is proposed to obtain the route information and
complete the forming.

Methods The typical horizontal slicing can no longer meet the forming needs of the abovementioned structure, given
that the structure sections examined in this research exhibit spatial geometric characteristics of large twist angles, large
bending angles, and spatial gradient-change cross-section structures. A continuous gradual slicing and discrete method was
proposed to layer, slice, and separate the forming parts to realize laser metal deposition forming of this structure. The
original three-dimensional model is first constructed and segmented using the aforementioned procedure. The six-axis
KUKA robotic arms can then be equipped with position and posture data. Finally, multiple experiments were performed to
obtain the best forming process parameters and excellent forming parts. After the forming experiment, the geometric
parameters of the formed part are measured based on model analysis, and three points along the deposition angle are
selected for cutting and sampling.

Results and Discussions The continuous gradual slicing method is proposed to complete the layering of twisted variable
cross-section structure parts, and discrete deposition units with different geometric characteristics are obtained
[Fig. 7(a)]. The homogeneous transformation matrix is obtained by rotating each deposition discrete unit as a point in
the base coordinate and tool base coordinate systems. Thus, its position and posture information is determined (Fig. 9).
According to the information above, the deposition units with different spatial orientation information (Fig. 10) are
spliced horizontally to gain the actual deposition track. In the forming stage, a powder-feeding head and six-axis robot
were used to achieve the twisted variable cross-section structure parts.

Conclusions A continuous gradual layering method is proposed that is based on the inside-laser powder-feeding
technology and the principle of laser metal deposition; the twisted variable cross-section structure is sliced according to its
geometric characteristics, and the sliced layer and deposition units are successfully obtained. The layering problem of the
twisted variable cross-section structure is solved, and the laser metal deposition accumulation of the twisted variable
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cross-section structure is also realized. The results of the formed parts are as follows: the formed part has a high surface
smoothness and forming accuracy; the bending angle and torsion angle of the formed parts are 46.18° and 44.79°, and the
errors with the original design angle are 2.62% and — 0.47%, respectively; the diameter of the initial circular section
and the side length of the end square section of the formed part are 59.63 mm and 60.72 mm respectively, and the errors
with the original design size are —0.62% and 1.20%. There are no obvious defects, such as pores and cracks, on the
formed part’s surface, and each formed part’s structure is dense and uniform. Finally, the continuous gradual layering
forming technique effectively improves the forming ability of LMD technology for the twisted variable cross-section
structure parts. This provides support for its wider application in the additive manufacturing field.

Key words laser technique; laser melting deposition; twisted variable cross-section structure; continuous gradual
slicing; path planning

2202014-11



