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Abstract: On the basis of hypothesis theories of linear elasticity and small deformation, the analytical
compliance calculation formula of each sub-element in the compliance matrix of a right-circular flexure
spherical hinge was deduced. The formula is succinct in form by introducing the proportional
coefficient ( The ratio of right-circular flexure spherical hinge groove spacing and double cutting
radius) and utilizing the symmetrical feature of the structure. The correctness of the formula was
verified by adopting the finite element simulation software, and its error curves were drawn
corresponding to the simulated values. The results show that the relative errors of serial compliance
calculation formula for the right-circular flexure spherical hinge are within 11% when the proportional

coefficient is less than 0. 2. With the increase of the proportional coefficient, the errors of the other
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compliance calculation formulas have a trend of increasing with maximum of 30% except the error of

tension and compression compliance C;; along the direction x. The experimental results show that the

theoretical analysis is in agreement with the simulation results, which verifies the correctness of the

proposed formula. These results will lay a key theoretical basis for the structural design and

parametric optimization of the right-circular flexure spherical hinges in practical applications.
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Fig. 1 Spatial deformation diagram of right-circular

flexure spherical hinge
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flexure spherical hinge
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Tab.1 Ten groups values of right-circular flexure

spherical hinge’s dimension parameters(mm)
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Fig. 3 Finite element mesh model of right-circular

flexure spherical hinge
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Tab.2 Comparison of compliances between theoretical results (denoted by T) and simulated results (denoted by S)

Gi/m+NH Co/Cs/m* N Gs/Cs/m+Nm ) Ci/ Gad* Nm) Gs/Ce/Gad * N Gs/Cs/(rad * Nm 1)

1(T)  4.777 0X107% 4,999 6X107"  4.903 6X 10" 0.637 47 4.903 6107 0. 490 36

1(S)  4.949 8X10 *  5.099 8X10 °  4.988 7X10 *? 0.646 04 4.988 810 * 0.498 86

2(T) 1.638 4X10 ®  4.4658X10 ° 4.3005X10 * 5.590 6X10 * 4,300 5X10 * 4.300 5X10 *
2(S8)  1.717 9X107%  4.673 9X107° 4,457 0X10™*  5.4820X107% 4,252 9X10~* 4.251 5X107?
3(T) 8.6711X10 ° 1.0907X10 ° 1.0321X10 * 1.3417X10 * 1.0321X10 * 1.032 1X10 *
3(S)  9.099 9X10 °  1.177 4X10 ® 1.089 4X10 * 1.2759X10 * 9.952 3X10 ° 9.940 8X10 *®
4(T)  5.485 8X107%  4.019 9X1077  3.740 2X107°  4.862 2X107* 3,740 2X107° 3.740 2X107*
4(S)  5.724 6X107Y  4.4950X1077  4.0252X107°%  4.4930X107*  3.526 7X107° 3.517 3X107*
5(T) 3.8293X10 ° 1.8559X10 7 1.6987X10 ° 2,208 3X10 * 1.698 7X10 ° 1.698 7X10 °
5(8)  3.956 9X10 ° 2,156 7X10 7 1.864 9X10 ° 1.986 5X10 *  1.570 3X10 °® 1.562 5X10 °
6(T) 2.8454X107" 9.8803X1077 8.8990X10"" 1.156 9X10~*  8.899 0X10~° 8.899 0X107*
6(S)  2.9035X10 ° 1.1959X10 * 9.9693X10 * 1.0147X10 * 8.0831x10 ° 8.017 810 *
7(T) 2.2082X10 ° 5.8031X10 % 5,144 8X10 °* 6.6882X10 * 5. 144 8X10 ° 5.144 8X10 *
7(S) 2,221 1X107°  7.3259X10°% 5.8823X107° 5.7268X10"* 4,6005X10"" 4. 544 8X107*
8(T) 1.769 4X107%  3.6628X107% 3,196 8X107" 4,155 9X107* 3,196 8X107"° 3.196 8X107*
8(S)  1.752 2X10 °  4.8253X10 * 3.3705X10 ° 3,477 3X10 * 2.818 8X10 ° 2.770 6X10 *
9(T) 1.453 0X107" 2,442 7X107% 2,098 9X10™" 2,728 6X107* 2,098 9X10~° 2.098 9X107*
9(S)  1.4155X107"  3.357 5X10°% 2,499 5X107° 2.2327X10°* 1.8273X10°° 1.785 1107
10(T) 1.216 6X10 ° 1.701 3X10 ®  1.4394X10 * 1.8712X10 * 1.4394X10 ° 1.439 4x10 *
10(S) 1.1655X10 °  2.4386X10 ® 1.748 8X10 ° 1.4981X10 * 1.2385X10 ° 1.201 2x10 *
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Fig. 4 Error curves of all compliance design formulas

of right-circular flexure spherical hinge
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