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Research on the concentration characteristics of thermal decomposition
particles and optimization of detection parameters of insulation

materials for distribution cabinets

Fan Xiaoyong', Zou Kaiyu', Xie Jia"’, Lu Shouxiang'
(1. State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei Anhui 230026,
China; 2. State Grid Anhui Electric Power Co., Ltd., Hefei Anhui 230061, China)
Abstract: To study the concentration law of pyrolysis particles and optimize the selection of pyrolysis particles
detection parameters during the early stage of ignition of typical electrical insulation materials in Distribution
Cabinets, this study established a pyrolysis particles detection test platform for three typical insulating materials
in distribution cabinets. The platform simulates the low-temperature pyrolysis process of electrical materials, ob-
taining the number concentration laws of particles ranging from 0.3 to 10.0 pm and the mass concentration laws
of PMO0.5, PM1.0 and PM2.5. A pyrolysis particles concentration dataset was established. and based on this data-
set, the random forest algorithm was used to obtain the importance of particle concentrations in different particle
size ranges for early pyrolysis, thereby optimizing the selection of pyrolysis particle detection parameters. The
results show that all three pyrolysis materials exhibit significant changes in the concentration of pyrolytic solid
particles. The trend of the number concentration of pyrolysis particles is to maintain the baseline value first, then

increases, and finally reaches saturation or decreases. The mass concentration shows a trend of first increasing
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and then decreasing. The particle size distribution is mainly concentrated within the range of 1.0 um. Compared

with ABS and FR—4 epoxy resin materials, PVC is more likely to generate large-sized particles. In the design of

pyrolysis particle detection, the number concentration of particles larger than 0.3 um is preferred as a single de-

tection parameter, and the combination of the number concentration of particles larger than 1.0 um and the

PM2.5 mass concentration is recommended as dual detection parameters. This research can provide a basis for

the application of the electrical fire detection technology of measuring pyrolysis particles in electrical fire moni-

toring system.

Key words: electrical insulation materials; particle number concentration; particle mass concentration; electrical

fire detection; detection parameter
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Fig. 2 Schematic diagram of the test system
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Fig. 3 Diagram of standard test chamber
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Table 1 Configuration of programmed temperature control

heating platform
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Fig.4 Principle of particle laser sensor
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Table 2 Configuration of particle counters
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Table 4 Experimental condition of low temperature

pyrolysis of materials
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Fig. 5 Particle number concentration of different particle sizes

during low temperature pyrolysis of PVC
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Fig. 6 Particle number concentration of different particle sizes

during low temperature pyrolysis of ABS
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Fig. 7 Particle number concentration of different particle sizes

during low temperature pyrolysis of FR—4
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Fig. 8 The variation rate of the number concentration of pyrolysis
particles of PVC material with time
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Table 5 Critical pyrolysis temperature of the material
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Fig. 9 Particle size distribution characteristics of PVC material
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Fig. 11 Particle size distribution characteristics of FR-4
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Fig. 15 Incomplete structure of decision tree 1
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