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Development of 5-Axis Continuous Fiber 3D Printer and Its Numerical
Control System

DUAN Jiaqi, HAO Minghui, QIN Ruosen, ZHANG Peng, FU Hongya
(Harbin Institute of Technology, Harbin 150001, China)

[ABSTRACT] In order to solve the difficult problem of precisely forming complex trajectory in 3D printing of traditional
3-axle continuous fiber, a 5-axis continuous fiber 3D printer with 5 linkage shafts (XYZBC) and 1 auxiliary shaft of resin
screw extruder was designed and built. Aiming at the problems of typical 3D printing control scheme, such as small number
of linkable shafts, poor expandability and poor real-time performance, the full-software open CNC system was studied
and applied in continuous fiber material increment manufacturing. Based on open-source CNC platform LinuxCNC and
EtherCAT industrial Ethernet, a full-software open CNC system for 5-axis continuous fiber 3D printer is designed and
developed. By optimizing the RT-Preempt real-time core, the HAL module integrated with IgH—EtherCAT was developed
to complete the 5-axis linkage control, and the screw extruding shaft was used as the spindle to achieve the accurate control
of its speed. The maximum dither control of user-level and core-level scheduling is tested within Sus, the maximum dither
of CNC system with integrated EtherCAT is less than 50ps, which prove that the CNC has good real-time performance.
Finally, the feasibility of the 5-axis continuous fiber 3D printing system scheme is verified by standard tensile property test
and forming experiment of space lattice structure.

Keywords: Continuous fiber reinforcement; Resin matrix composite; 3D printing; LinuxCNC; EtherCAT; RT—Preempt
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Structural Stiffness General Optimization Technology of Machine Tools
Based on Modal Analysis

SUN Yewangl’z, CAO Ye?, SUN Songta03, YANG Qiujuan4, YANG Luwei'
(1. Beijing Key Laboratory of Thermal Energy Technology of Technical Institute of Physics and Chemistry, CAS,
Beijing 100190, China;
2. Beijing Institute of Technology, Beijing 100081, China;
3. PLA 32368, Beijing 100190, China;
4. Beijing BSD Science Development Co., Ltd., Beijing 100028, China)

[ABSTRACT] Aiming at the stiffness optimization key problems of machine tools, due to insufficient analysis of
numerical iterative optimization algorithm and high cost of optimization machining test caused by complex structure and
large size of machine tool, this paper provided the method of combining finite element modal analysis and experimental
modal analysis to optimize the dynamic stiffness of machine tools including the vertical and gantry boring-milling CNC
machine tools. Combined with the modal test analysis and FEM, the results show that without considering the stiffness and
damping of moving pairs of machine tools, the simplified FEM modal analysis of the machine tool could better reveal the
dynamic characteristics of the machine tool structure. According to the weak area of the dynamic stiffness of the structure,
the low-order frequencies of the machine tools are increased by more than 10% and 40% respectively. Importantly, it is
showed that the optimization analysis method could be applied to the analysis process of structural general optimization
design.

Keywords: Modal analysis; Structural stiffness; Optimization design; FEM; Machine tool
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