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Table 1 Comparison of material properties for common electronic device housings
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Fig.2 Analysis of irradiance on the rear surface of

receivers constructed from different materials
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Fig.4 Irradiance analysis under unoptimised structures
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Fig.6 Optimisation of short-type sunshade structure
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Optimized design of optical chamber for multi-wavelength
fire smoke detector

WANG Haibin'* , LONG Xiuhuang®, LI Jinhao*, DONG Yucheng’, LIU Quanyi'*

(1 Sichuan Provincial Key Laboratory of Civil Aircraft Fire Science and Safety Engineering, Guanghan 618307, Sichuan, China;
2 Civil Aviation Safety Engineering College, Civil Aviation Flight University of China, Guanghan 618307, Sichuan, China)

Abstract: To address issues such as optical interference caused by scattering angles in multi-wavelength smoke detector applications,
this study proposes an optimized approach for a three-wavelength optical chamber. A 3D optical simulation platform was constructed to
evaluate the light-blocking performance of common electronic materials, including Acrylonitrile Butadiene Styrene ( ABS),
Polycarbonate (PC), and metal. Based on the simulation results, a matching model was established between the emitter-receiver angle
and the geometric parameters of obscura barriers. A zigzag-obscura barrier structure was proposed to balance light-blocking effectiveness
with smoke signal preservation capabilities. Simulation results demonstrated that black ABS material exhibited the best overall
performance, combining strong light absorption, good manufacturability, and low cost. After structural optimization, the receiver
irradiance in the smoke-free condition was reduced from the original design value of 94. 23 W/m’ to 0. 524 W/m’, while the effective
detection zone remained unaffected. Compared to long or short straight barriers, the zigzag-obscura barrier achieved superior background
light suppression without excessively compressing the scattering signal region. To validate the feasibility of the optimized chamber,
experimental research was conducted using standard smoldering cotton rope smoke as the aerosol source. An experimental platform was
built incorporating three-wavelength LEDs (450 nm blue, 550 nm green, and 950 nm infrared) with separate receiving channels for
visible and infrared light. Receiver voliage and Power Transfer Ratio (PTR) metrics were recorded both without obscura barriers and
with the optimized barrier structure. Experimental results showed that the infrared receiving channel exhibited a high static voltage
(‘approximately 3. 1 V) without obscura barriers, which masked smoke-induced signal fluctuations. The optimized structure reduced this
background voltage to approximately 0. 06 V, significantly improving the identification of smoke signals. Further PTR analysis revealed
that the optimized chamber effectively suppressed fluctuations, enhancing measurement stability. Sauter Mean Diameter (SMD) values
derived from data acquired with this optimized structure more closely reflected the actual aerosol particle size distribution, while data
obtained without obscura barriers exhibited substantial deviations. In conclusion, the proposed optimization method for the optical
chamber effectively increases the signal-to-noise ratio, enhances particle size measurement accuracy, and reduces the risk of detector
saturation. This research provides a quantitative design basis for material selection and structural optimization in multi-wavelength smoke
detection systems.

Key words: safety engineering; smoke detection; optical chamber; light-shielding structure; optical simulation
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