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Fig.10 Experimental platform of hyper-redundant robot
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Fig.11 Narrow space exploration by hyper-redundant robot
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Research Status and Development Trend of Automated Fiber Placement
Machine for Advanced Composite Materials

LI Yan', JIANG Junxia', HE Yuxiao"’, TANG Sijia’
(1. Zhejiang University, Hangzhou 310027, China;
2. Aerospace System Engineering Shanghai, Shanghai 201100, China;
3. AVIC Huiyang Aviation Propeller Co., Ltd., Baoding 071025, China)

[ABSTRACT] Advanced composite materials have been widely used in the aerospace industry and other fields due to
their high specific strength, specific modulus, substantial weight reduction and good corrosion resistance. AFP machine is
the necessary equipment to realize automatic laying, which is an important link affecting the laying quality and production
efficiency. Therefore, the development and improvement of AFP machine has become one of the most critical issues in
the manufacture of complex components of composite materials. Based on the automatic laying equipment at home and
abroad in recent years, this paper discusses and analyzes the current research and application status of AFP machine based
on the main structure of machine tool, the form of yarn frame, the pressure system of laying head, the heating system
and the tension system, summarizes the research results of automatic laying equipment at home and abroad, analyzes the
advantages and disadvantages of domestic and foreign laying equipment. Finally, the future development trend of automatic
silk laying equipment is discussed and summarized, which provides a reference direction for the design and optimization of
silk laying machine.
Keywords: Automated fiber placement (AFP); Advanced composite materials; AFP machine; AFP head; Prepreg tow;
AFP process
(Bt X %)
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Real-Time Path-Following Method and Experiment of Hyper-Redundant
Robot in Deep Cavity Operation of Aviation Equipment

LI Te', RUAN Wenjun', PAN Xin’, LUO Chao', LIU Haibo', WANG Yongqing'
(1. State Key Laboratory of High-Performance Precision Manufacturing,
Dalian University of Technology, Dalian 116024, China;
2. AVIC Shenyang Aircraft Industrial (Group) Co., Ltd., Shenyang 110850, China)

[ABSTRACT] The hyper-redundant robot with high flexibility and large aspect ratio structure is a feasible way to
accomplish the intelligent operation of deep cavity tasks in the process of manufacturing, assembly and maintenance of
aviation equipment. Aiming at the problem of efficient and safe operation of the hyper-redundant robot in complex deep
cavity space, a path-following motion method for hyper-redundant robot suitable for real-time teleoperation was proposed.
The simulation results show that the average solution time of the path-following method is 0.413 ms, and the maximum
deviation of the conical spiral curve path movement is 0.011 mm, which meet the requirements of real-time movement and
safe and precise operation. A virtual teleoperation simulation platform based on ROS-Gazebo is developed, which provides
a low-cost means of virtual training and simulated operation. The experimental results show that the path-following method
ensures the efficient and safe movement of the hyper-redundant robot in the complex deep cavity.

Keywords: Hyper-redundant robot; Path-following; Motion simulation; Motion planning; Deep cavity operation
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