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This study introduces a novel tip-tilt-piston aligner based on aligned folded beam flexure. It was designed to enhance
precision positioning by minimizing parasitic motion. Through finite element analysis, we compared this aligner with a
traditional folded beam flexure-based mechanism, revealing a remarkable 135% increase in translational stiffness and
superior rotational stiffness ratios. These advancements are expected to reduce parasitic motion arising from actuator
misalignment and external disturbances, ultimately elevating positioning accuracy. The aligner’s suitability as a guiding
device was affirmed and optimal actuator placement positions were determined. This research provides valuable insights
into precision positioning mechanism design, underscoring the role of flexure geometry and precise actuator placement in

minimizing parasitic motion for improved accuracy.
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Fig. 3 Structure of the AFB flexure with the design parameters
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Fig. 4 Simulation results for mode shapes. (a) FB flexure-based aligner (b) AFB flexure-based aligner
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Table 2 Comparison of stiffness between FB flexure and AFB

flexure
Parameter Unit FB AFB Dift. [%]
ksr. N/um 3.73 5.59 +49.87
kor, N/pm 1.82 2.84 156.04
ks p. N/pm 0.21 0.20 -4.76
Lm Nm/mrad 0.46 0.45 2.17
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Table 3 Stiffness matrix of the FB flexure-based aligner

O, [um] 6, [um] o, [um] 6, [mrad] 0, [mrad] 6, [mrad]
F.[N] 1.43.E+02 2.44.E+09 3.57.E+04 8.80.E+10 4.36.E+04 9.44.E+09
F, [N] 2.44.E+09 1.43.E+02 3.57.E+04 4.36.E+04 8.80.E+10 9.44.E+09
F. [N] 6.89.E+05 6.96.E+05 4.44. E+00 7.36.E+06 7.35.E+06 9.64.E+10
M, [Nm] 5.98.E+12 4.87.E+05 2.92.E+07 4.10.E+01 1.32.E+08 4.81.E+07
M, [Nm] 4.87.E+05 5.89.E+12 2.92.E+07 1.32.E+08 4.10.E+01 4.81.E+07
M, [Nm] 5.55.E+11 1.90.E+09 2.44.E+10 3.26.E+07 1.66.E+06 1.91.E+03
Table 4 Stiffness matrix of the AFB flexure-based aligner
O, [um] 6, [um] O, [um] 6, [mrad] 0, [mrad] 6, [mrad]
F. [N] 321.E+02 1.33.E+09 3.43.E+04 7.73.E+10 2.74.E+04 2.65.E+11
F, [N] 1.33.E+09 3.21.E+02 3.43.E+04 2.74. E+04 7.73.E+10 2.65.E+11
F.[N] 6.97.E+05 7.12.E+05 4.23.E+00 7.46.E+06 7.39.E+06 1.47.E+09
M, [Nm] 1.68.E+13 491.E+05 9.75.E+07 3.97.E+01 6.20.E+08 5.11.E+07
M, [Nm] 4.91.E+05 1.68.E+13 9.75.E+07 6.20.E+08 3.97.E+01 5.11.E+07
M, [Nm] 9.31.E+08 2.32.E+08 1.59.E+10 5.83.E+06 2.37.E+06 1.59.E+03
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Fig. 8 Stiffness variation due to the actuator installation position of the FB flexure-based aligner. (a) Stiffness in the direction of translational
motion. (b) Enlarged view of (a). (c) Stiffness in the direction of rotational motion
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Fig. 9 Stiffness variation due to the actuator installation position of the AFB flexure-based aligner. (a) Stiffness in the direction of translational
motion. (b) Enlarged view of (a). (c) Stiffness in the direction of rotational motion
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Table 7 Comparison of stiffness between Case 1 and Case 2

Stiffness ratio Case 1 Case 2 Ref. [13]
Translation, 7, 32 39716 29
Rotation, 7 46 40 13
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APPENDIX
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