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Abstract

The ability assessment of spray operators in the domestic thermal spray industry has long relied on
qualitative, in-house evaluations within enterprises. There is a lack of a comprehensive quantita-
tive evaluation scheme adapted to the demanding service conditions of high-pressure valve sealing
surfaces. Prominent engineering pain points prevail, including an overemphasis on theory over
hands-on operation, a disconnect between assessment indicators and finished coating performance,
the absence of assessments covering spray fault emergency response, and the failure to incorporate
process traceability into personnel capability evaluation. Based on the results of the L32(4°) multi-
factor orthogonal spray test of Project KJ(Y)202631, and combined with the self-developed spray
process qualification record template, hands-on quantitative scoring rules, and theoretical exami-
nation question bank, this paper systematically identifies the job skill elements throughout the en-
tire spray process and constructs a quantitative skill evaluation system for supersonic plasma spray
operators, with hands-on operation weighted at 60% and theory at 40%. The system is divided into
four hands-on operation modules—equipment commissioning, process parameter regulation,
spray accuracy and finished coating quality control, and fault emergency response—supported by
a standardized closed-book theoretical examination, a full-process process archival template, and
dual pass criteria. It converts equipment calibration deviation, process parameter fluctuation, coat-
ing thickness uniformity, coating defect control, process recording time accuracy, and quality trace-
ability accuracy into quantifiable assessment indicators. Through pilot assessment and verification
conducted on 20 spray personnel with different years of experience, the results show that qualified
operators selected by this evaluation system can control the proportion of coating quality defects
induced by human factors within 5%, keep coating performance fluctuation between spray batches
< 5%, achieve a 100% process record completeness rate, and attain a quality problem traceability
accuracy 2 90%. This study fills the technical gap in quantitative capability evaluation for spray
personnel on high-pressure valve sealing surfaces, and can provide a complete set of engineering-
ready technical solutions and data support for personnel skill training in valve manufacturing en-
terprises, post-entry qualification management, and the compilation of industry group standards.
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