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Optimization design of deep-notch elliptical flexure hinges
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Abstract; Deep-notch elliptical flexure hinges are more suitable for a flexible mechanism with large
stroke requirements as compared with other common flexure hinges, so this paper optimizes their
design. The stiffness model of deep-notch elliptical flexure hinges was established firstly, and the
impact of structural parameters on the rotational stiffness was also discussed in detail. Then, the
flexibility matrix was analyzed by using Newton-cotes quadrature formula to simplify the calculation of
flexibility coefficients, and each structural parameter was optimized by fuzzy optimization method
based on the multi-objective optimization model. The results of optimization show that the angular
displacement rotated with the Z axis is improved by 16. 72% , while that rotated with the Y axis is
decreased by 16. 01% , and the linear displacements along the axes X, Y, Z are decreased by 10%,
29.33% and 51. 84%, respectively. After optimization, the rotation capacity of Z axis has been
improved and the transmission capacities in other directions are both inhibited, so that the movement
accuracy and structural flexibility are enhanced. The test results demonstrate that the optimized deep-
notch elliptical flexure hinges meet the requirements of high-precision and large travel of waveguide
package positioning platforms.
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Fig. 1 Deep-notch elliptical flexure hinge
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Tab. 2 Comparison of optimization results

Hiredgk  thfkar X© ifb)s X bR/ %
a(X) 0.159 0.186 16. 98
2 (X 4,772X10°"  3.380X10°"  —29.17
(X 1.90X10°° 1.60X10°° —15.79
2 (X0 5.80X 10 ° 2.80X 10" —51.72
(XD 5.80>X107° 2.80X107° —51.72
2 (XD 2.02X10 6.40X10"* —68. 32
21 (X0 4,772X10°"  3.380X10 "  —29.17
25 (XD 1.438X107° 6.30X1077 —56.19
20 (XD 4,00X1077 3.60X107° —10
G(X) 0.0021 0.0015 —28.57
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Comparison of each axis’s displacements before

Tab. 3

and after optimizations

(x4 et s X R AT, G R Y
a./rad 0.079 97 0.093 34 16. 72
a,/rad 1,911 6X10°* 1.6056 X10 * —16.01
A./m  5.840 4X10°7 2.8128X10 7 —51.84
Ay/m 2,400 3X10°* 1.696 3X10°* —29.33
A./m 8.00X10 " 7.20X10°1° —10
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