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Abstract

Focusing on the 2000Y high-speed hard-pack cigarette packaging machine during the production of
Hongta Mountain (Slim Legend) 90 mm slim cigarettes, defects such as misalignment, edge lifting,
and white exposure of the inner frame paper occur frequently, resulting in high overall machine
scrap rates, excessive loss of raw and auxiliary materials, and low effective equipment operation
rates. This study conducts research on defect mechanism analysis, key factor identification, control
mechanism design, and industrial application verification. Through statistical analysis, defect clas-
sification, and traceability study of on-site production data from January to March 2025, the inner
frame paper alignment cutting defect was identified as the primary quality issue, with a defect rate
of 0.71%, accounting for 51.8% of total scrap. Using a six-dimensional fishbone analysis method
considering man, machine, material, method, environment, and measurement factors, combined
with on-site gradient testing, quantitative measurement, and statistical analysis, it was ultimately
determined that insufficient roller pressure at the alignment cutting workstation and excessive vi-
bration of the inner frame paper during high-speed conveyance were the core causes of misalign-
ment and cutting deviation. Accordingly, a new elastic clamping spring mechanism for the inner
frame paper was designed for high-speed slim cigarette packaging conditions. 38CrMoAl nitrided
steel was selected as the structural material to ensure wear resistance and dimensional stability,
and the spring shape and installation position were optimized through two-factor interaction tests
to determine the optimal structural combination. On-site industrial application results show that
after installing the elastic clamping mechanism, the internal frame paper alignment cutting defect
rate dropped from 0.71% to 0.047%, a reduction of 93.4%; the overall machine scrap rate de-
creased from 1.37% to 0.68%, a decrease of 50.4%; and the annual saving in raw and auxiliary ma-
terial costs reached 1.2806 million yuan. This modification plan does not require changes to the
main machine structure, is easy to install, operates stably and reliably, and poses no safety or qual-
ity risks. It can be promoted and applied to similar 2000Y packaging machines and high-speed pack-
aging equipment for 90 mm and 100 mm slim cigarettes. The research results provide engineering
reference and technical support for improving the inner frame paper conveyance and positioning
system in high-speed cigarette packaging processes.
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Table 1. Statistics on waste products produced by the 2000Y packaging machine (average from January to March)
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Table 4. Statistical table of experimental data
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