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Abstract According to the requirement of atmospheric environment monitoring and forecasting, a kind of near
ultraviolet nadir imaging spectrometer which meets the requirements of optical system is designed. First, according
to the given optical system, the overall configuration of the device is designed, and the primary mirror and
secondary mirror are optimized by variable density topology, and the layout function of each module is designed.
Then, the finite element simulation analysis is carried out for the scheme, and the optical, mechanical, and thermal
integration analysis is carried out for the equipment system. Finally, the experimental verification is carried out.
The experimental results show that the first order frequency of the device is greater than 100 Hz; the largest
magnification of sine vibration test is 1.04; maximum error of random vibration test results is 4.72% ; the spectral
characteristics of the equipment are consistent before and after the mechanical experiment. Experimental results
show that the proposed structural design meets the technical requirements, and provides a new reference for the
structural design of near ultraviolet nadir imaging spectrometer in the future.
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Channel spectral characteristic

Main technical indicators
Spatial resolution

Value
Channel 1: central wavelength 340 nm
Signal to noise ratio (SNR)
secondary mirror

Channel 2: central wavelength 354 nm

Channel 3: central wavelength 380 nm

bandwidth~2 nm

, bandwidth~2 nm

, bandwidth~2 nm

Channel 4: central wavelength 388 nm,
7 km X7 km (subsatellite point)
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Fig. 1 Optical path of near ultraviolet nadir
imaging spectrometer
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Fig. 2 Outline of near ultraviolet nadir imaging spectrometer equipment
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Fig. 3 TIterative convergence curves. (a) Main mirror; (b) secondary mirror
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Fig. 4 Distributions of material. (a) Main mirror; (b) secondary mirror
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Fig. 5 Model after process treatment. (a) Main mirror; (b) secondary mirror
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Table 2 Natural frequency and vibration mode of the first 5 orders

Order Natural frequency /Hz Vibration mode
1 205. 69 Probe module swings along Y-axis
2 261.08 Probe module swings around X-axis
3 293. 30 Secondary mirror module swings around Y-axis
4 385.98 Device swings around X-axis
5 448, 22 Spectrometer module up and down swing
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Fig. 12 Cloud diagram of first-order vibration

mode for equipment
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Table 3 Acceleration environment test conditions

Parameter Value
Acceleration along X-axis of the satellite 10g
Acceleration along Y-axis of the satellite 2g
Acceleration along Z-axis of the satellite 2g
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Table 4 Results of overload analysis

Maximum deformation

Maximum stress

Equipment . - . - . Allowable
. Material Maximum Distribution Maximum Distribution
composition ] ) ) stress /MPa
deformation /mm location stress /MPa location
Mounting hole of
imaging objective
Aluminum alloy Upper right part of ging obl _
7075 0. 0589 50. 4 lens frame and 325
structure detector module .
chassis bottom plate
of spectrometer module
) The spectrometer module The spectrometer module
Lens Fused quartz 0.0420 . . 7 . 36
images the objective lens collimates the reflector
Heat insulated . _ Left heat insulated Installation hole for heat
Fiber glass 0.0152 . . . ) 32
pad pad middle insulated pad on right side
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Table 5 X direction sinusoidal vibration test conditions
Parameter Value
Frequency range /Hz o—-12 12-25 25-35 3560 60-70 60-100
Vibration level 3.88 mm 2.25g 4.5g 4.5g 3g 3g
£ 6 Y.Z him E LIR30 A A
Table 6 Y, Z direction sinusoidal vibration test conditions
Parameter Value
Frequency range /Hz 5—-12 12-25 25-35 35—-100
Vibration level 11. 65 mm 6.75g 5.25g 5.25g
F T IE SR W N 4
Table 7 Sinusoidal vibration response results
Sinusoidal Maximum acceleration response Maximum stress response
vibration ) o . Allowable
Acceleration ~ Magnification  Stress /MPa Position
loading direction stress /MPa
X-axis 4.86g 1.08 28.6 Spectrometer lens screw hole at the bottom
Y-axis 6.79g 1.01 21.6 Spectrometer and chassis bottom flange 325
Z-axis 6.81g 1.01 22.8 Spectrometer ear
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Table 8 Random vibration test conditions

Frequency range /Hz 20-100 100-600 600-2000
Power spectral density +3 dB/oct 0.09 g* « Hz ! —9 dB/oct
Total root mean square acceleration (Grms) 8.6g

Test direction

X, Y, Z triaxial
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Table 9 Random vibration response results

Maximum acceleration response

Maximum stress response

Random
Result of random
vibration ) ) ) Allowable
vibration analysis Magnification  Stress /MPa Position
direction stress /MPa
Grms
X-axis 167. 8¢ 19.5 8.75 Top surface light inlet rear plate section
Y-axis 24.99g 2.9 5.29 Spectrometer lens holder upper end 325
Z-axis 32.35g 3.8 0.51 Spectrometer lens back side
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Table 10 Extremum of displacement in working conditions

) . Maximum displacement of
Working condition )
mirror node /mm

01 0.1143
02 0.07121
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Fig. 13 Surface deformation. (a) Main mirror; (b) secondary mirror
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Table 11

Spectral position change results

Before mechanics After mechanics

Wavelength /nm experiment experiment

(pixel position) (pixel position)

340 124.5 124. 8

354 360.5 360. 1

380 425.5 425.3

388 507.5 507. 2
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