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Intelligent Ultrashort Pulse Laser Welding System for Micro-Small Pyrotechnic Devices
in Live-Charge Encapsulation
YUNG Chang-hong!, LI Yong-zhe?, YUAN Yu-hong, TAN Yu-ming', ZHAI Xiao-ping', FANG Hai-deng'
(1.Anhui Hongxing Electromechanical Technology Co., Ltd., Hefei, 230011; 2.Southeast University, Nanjing, 210096 )

Abstract: To address the safety and consistency challenges in the encapsulation of micro-scale pyrotechnic devices with
embedded energetic materials, this paper presents an intelligent welding control system based on ultrashort pulse laser technology,
enabling low heat input, high precision, and high reliability. A low-heat-input welding joint structure was designed, combined
with femtosecond laser multi-point synchronous welding and directional cooling technology, to maintain the interface temperature
below 100 °C, ensuring intrinsic safety during welding. To tackle the positioning difficulty of irregular seams, a 3D morphology
recognition method using three-line structured laser was proposed, and a convolutional neural network was introduced for
adaptive parameter optimization. Furthermore, a multimodal sensing system integrating acoustic, optical, and visual signals was
developed to enable real-time weld quality evaluation and closed-loop feedback control. Experimental results show that the joint
strength coefficient exceeds 0.95, the single-piece welding time is reduced to 1.2 min, the welding qualification rate reaches 99%,
and the detection error rate is less than 5%.. This system provides a viable technical pathway for automated and intelligent
encapsulation of micro-scale pyrotechnic devices.
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Fig4 Technical route for low heat input laser welding process
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