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Abstract: To satisfy the multi-band observation requirements of ground-based large-aperture prime-focus
telescopes, the structural configurations of filter-switching mechanisms were compared and analyzed. To
overcome limitations of conventional filter wheels, a novel circumferentially distributed filter-wheel mecha-
nism arranged along the optical axis was developed, permitting sequential insertion and retraction of filters
with different transmission bands into the optical path. The mechanism comprises a drive assembly and a
filter assembly. Relative to traditional designs, this configuration obviates the need for optical-axis offset
during installation, makes full use of the circumferential space around the optical axis, and reduces prima-

ry-mirror obscuration. The composition and operating principle of the mechanism are described, followed
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by component-selection calculations for critical parts. Modal analysis yields a first-order natural frequency

of 108 Hz. The mechanism was further evaluated through switching-accuracy measurements, surface-fig-

ure accuracy tests of the filters, and high-low temperature environmental testing. Results show a maxi-

mum filter eccentricity error of 0. 1 mm after insertion, root-mean-square surface-figure errors for all filters

better than A/30, and smooth, jam-free operation across the system's operational temperature range.

These results demonstrate that the proposed filter-wheel mechanism meets the multi-band observation re-

quirements of large-aperture prime-focus telescopes and offers a novel approach to filter-wheel design.

Key words: filter wheel mechanism; prime focus; circumferentially distributed; filter; high-low tempera-

ture environmental test
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Fig. 1 Schematic diagram of traditional filter wheel mech-

anism and installation

Novel filter wheel
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Fig.2 Schematic diagram of novel filter wheel mecha-

nism and installation
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Fig.3 Structural composition of filter wheel
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Fig.4 Structural diagram of filter component
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Fig. 5 Structural diagram of drive component
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Tab.1 Condition parameter of torsional spring

Order Index Parameters
1 Minimum working torque T} 0.2 Nem
2 Maximum working torque T, 0.6 Nem
3 Angle of torsion ¢ 60°
4 Spring category I
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Fig. 6 Finite element mesh model of filter wheel
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Tab.2 Modal analysis results

Frequency

Order Vibration mode
/Hz
1 108 Filter holder swings along the optic axis
2 177.5 Roller rotates around its shaft
3 216.2 Filter holder rotates around its shaft

Ampres
2.800e+00
l 2.520e+00
-2.240e+00
- 1.960e+00
- 1.680e+00
1.400e+00
- 1.120e+00
- 8.400e-01

5.600e-01
2.800e-01
0.00e+00
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Fig.7 First mode vibration
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Fig. 8 Principle diagram of eccentricity detection for filter
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Fig. 9 Measurement process of filter eccentricity deviation
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