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Abstract

traditional sulfur dioxide detectors: less optical path fluorescence and low acquisition accuracy. The point light

This paper proposes an improved optical path system to solve two problems caused by domestic

source is collimated and concentrated using a lens, and a narrow slit is used to reduce interference of stray light,
thereby improving the defect of the light intensity convergence effect on the conventional optical path structure and
improving the detection precision as well. Zemax is used to simulate the new and original light paths. By comparing
the point map and detection view, the root-mean-square radius and geometric maximum radius of the new light path
are reduced to 35.439 pm and 50.194 pum, respectively, and the light intensity of the contact area between the gas
and light source is improved. The experimental test shows that, compared with the conventional instrument, the
sulfur dioxide concentration indication value error of the improved optical path system is reduced from 2% to 1%,
improving detection accuracy. This newly developed optical path system can effectively solve above problems and is
suitable for the design of sulfur dioxide detectors.
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Table 1 Data sheet of lenses in light source system

Surface type Radius of curvature /mm Thickness /mm Material Half diameter /mm
Standard surface 0 0.000 0.000 — 0.000
Standard surface 1 0.000 25.000 — 12.700
Standard surface 2 20.000 9.600 Silica 12.700
Standard surface 3 0.000 10.000 — 12.700
Standard surface 4 20.000 10.260 Silica 12.700
Standard surface 5 —20.000 25.000 — 12.700
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Table 2 Data sheet of improved light source lenses

Surface type Radius of curvature /mm Thickness /mm Material Half diameter /mm
Standard surface 0 0.000 0.000 — 0.000
Standard surface 1 0.000 25.000 — 12.700
Standard surface 2 20.000 9.600 Silica 12.700
Standard surface 3 0.000 10.000 — 12.700
Standard surface 4 0.000 1.000 Absorb 12.700
Standard surface 5 0.000 10.000 — 12.700
Standard surface 6 20.000 10.260 Silica 12.700
Standard surface 7 —20.000 25.000 — 12.700
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Fig. 5 Optimized 3D layout of optical path
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Fig. 7 Detection view of single air chamber structure
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Fig. 8 Detection view of double air chamber structure
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Fig. 9 Detection view of optical path of new system
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Table 3 Comparison of data obtained by tests with the same sulfur dioxide concentration

Sulfur dioxide Traditional optical path

Improve system

concentration / Sulfur dioxide detection

Error value /%

(mg+*m ) concentration /(mg * m *)

Sulfur dioxide detection
) Error value /%
concentration /(mg * m *)

1.493 1.97 1.512 0.72
1.523 1.498 1.64 1.506 1.12
1.495 1.83 1.509 0.92
15.091 1.92 15.254 0.86
15.386 15.135 1.63 15.238 0.96
15.129 1.67 15.244 0.92
50.103 1.72 50.532 0.88
50.981 49.982 1.96 50.561 0.82
49.993 1.94 50.623 0.70
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