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Orthogonal Experiment Optimization of Resistance Projection
Welding Process Parameters for Double—Layer Hot—Formed Steel

Lii Haibo, Yu Xiaofeng, Liu Chunpeng, Jiang Feng

(School of Mechanical and Electrical Engineering, Jilin University of Chemical Technology, Jilin 132022)

Abstract: Capacitor Discharge Welding (CDW) was utilized to perform projection welding between double-layer
high—strength hot—formed steel and nuts. An orthogonal experimental design was adopted to systematically investigate
the influence of various process parameters on the performance of the projection welding joints, with particular
emphasis on nugget size and torque strength. Based on the experimental results, optimal welding parameters were
identified through range analysis and comprehensive weighted scoring. The optimal conditions were determined as
follows: electrode pressure of 0.3 MPa, welding time of 1.1 s, welding voltage of 320 V, and cooling time of 0.5 s.
Under these parameters, the heat—affected zone (HAZ) on the nut side is subdivided into coarse—grain and fine—grain
regions, with a microstructure primarily composed of equiaxed ferrite. On the hot—formed steel side, the HAZ consists
of a fully quenched zone, a partially quenched zone, and a tempered zone. The fully quenched zone exhibits a coarse
lamellar martensitic microstructure, whereas the partially quenched zone features a mixed microstructure comprising
martensite, ferrite, and bainite. The tempered zone is predominantly constituted by tempered martensite. Three—
dimensional fracture morphology analysis reveals that the fracture mode of the projection welding joint between the
upper nut and the hot—formed steel is characterized by a ductile=brittle mixed fracture, while the fracture mode in the
lower—layer hot—formed steel joints is primarily brittle in nature.

Key words: Hot—formed steel, Projection welding, Orthogonal experiment
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