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Abstract: An improved solution combining hardware protection structure and control logic is proposed for common hazards such as
leakage, accidental flameout, dry burning, and carbon monoxide accumulation in household gas equipment. We have sorted out the
problems of lagging response of current safety devices and easy false alarms caused by a single criterion, and proposed a solution with
fast shutdown, redundant detection, and trend prediction as the main design ideas. In the specific implementation, a dual channel
solenoid valve leakage cut-off device, an ion induction and thermocouple composite flameout protection system, a temperature
gradient analysis dry burning overheat protection module, a carbon monoxide concentration and gas valve linkage control unit are
provided. Produce a prototype and build a testing platform in accordance with current national standards to conduct comparative
experiments on leakage cut-off time, extinguishing reaction speed, dry burning temperature control, and carbon monoxide linkage.
From the experimental data, it can be seen that the leakage cut-off time before optimization was 2.82s, and after optimization it was
1.47s. The time for the shutdown protection valve has changed from the original 4.93s to the current 2.68s, and the maximum
temperature for dry burning has decreased from the original 318 °C to the current 203 °C. The carbon monoxide linkage threshold
remains below 1.0 x 10 volume fraction. From the results, it can be seen that the optimized equipment in this design can ensure
reliable operation while also improving the ability to identify safety blocking speed and abnormal working conditions.

Keywords: gas equipment; safety performance; leakage cut-off; flameout protection; dry burning protection
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