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Study on laser melting deposition forming of thrust chamber

simulated structural parts
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Abstract The thruster has typical structure characteristics such as cavities with variable diameters, inner
flow channels and connecting ribs. Serious problems will arise if traditional methods were used directly,
such as long production cycle, high processing cost, low processing efficiency, poor binding performance,
serious material waste and so on. There are also many issues to be solved if horizontal layering method of
additive manufacturing is applied for direct deposition. For example, the melt pool of part with large angle
is easy to collapse. The heat accumulation of the inner flow channel is serious. Concave and convex defects
are produced at the junction of the rib and the thin wall. Severe sticky powders problem occurs on the inner
surface of double thin-walled parts. The rib is hard to form. To sum up, it is difficult to get qualified
products using traditional methods and horizontal layering method of additive manufacturing. In order to
improve the overall forming quality and printing accuracy of thrusters, we study the forming process of
thrusters with multiple structures based on the programming simulation software of 8-axis robot. The
thruster simulator is divided into 3 parts: cavities with variable diameters forming region, inner runner
channels forming region and multi-rib connecting region. Methods are proposed for each region
respectively such as horizontally layering while normally depositing, curved surface layering based on
generatrix and oblique directional dislocation layering. The rib-thin wall lap model is established while the
feasibility is verified by T-shape lap test. Finally, the whole forming of thruster simulator is completed. The
experimental results show that horizontally layering while normally depositing method can adjust the angle
of positioner synchronously according to the geometric model of cavities with variable diameters, so the
axial direction of the laser beam is always consistent with the tangent line of the machining position, which
help to achieve stacking without dislocation and effectively overcome the collapse of melt pool. Curved
surface layering based on generatrix method can fabricate inner flow channels that form smoothly along the
generatrix, which effectively avoid the problems such as energy local energy accumulation, poor surface
morphology and powders over-melting during the forming process. Oblique directional dislocation layering
method can effectively solve the problems such as the interference between the cladding head and the
formed part, concave and convex defects at the junction of the rib and the thin wall. The results show that
the surface of parts is smooth, the size error is less than 9%, and the thickness of the wall is stable at about
2.25mm. The microstructure of three forming regions is uniform and compact with stable hardness and

strength.
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