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Tab.1 Geometric parameters of the tapered section of flexure hinges

F5 hy/mm b/mm | ¢mm | L,/mm ¢/mm R/mm
1 18.178 5.0 0.5 6.313 8.839
2 8.0 10.0 1.0 5.0 3.5 5.321
3 11.5 15.0 1.5 7.5 5.0 8. 125
x2 RARMREHNERILASH

Tab.2 Geometric parameters of the tapered section of hybrid
flexure hinges

FH| a, /mm | b /mm | @/(°) | L/mm | L/mm t/mm
SE, 8. 839 6.315 30 2.102 2. 406 0.5
2| R/mm 6,/(°) 0 L/mm | L /mm t/mm
cL| 5211 | 50276 | [0.6,]| 4.008 | 0.5 0.5
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Tab.3 Calculation results of flexibility of conic curve flexure hinges

C/(m"N") | Cp/(m-NT) C,/N™! Cy/(m-N) C, /N Cul i G i Cod i

- - [rad(N-m)™"] | [rad(N'm)™"] | [rad(N-m)™"]

1,(L) | 7.7830x107 | 6.8383x10™ | ~1.0634x10° | 1.8889x107 | -2.3583x107° | 1.1821x10"" | 3.7359x107 | 1.6808x10""

1,(T) | 7.7896x107 | 6.857 1x10™ | ~1.064 2x10™ | 1.8905x107 | -2.3603x107 | 1.1856x10" | 3.7390x10™ | 1.6858x10"
e /% -0. 084 -0.274 -0. 300 -0. 087 -0. 084 -0. 295 -0. 084 -0. 300

2, (L) | 1.7432x107 | 1.9753x107 | =3.7374x107 | 1.1475x107 | ~1.0459x107 | 5.286 6x107 | 2.0919x10™ | 7.4747x107

2,,(T) | 1744 1x107 | 1.9817x107 | =3.750 0x10™ | 1. 148 0x10™ | ~1.046 5107 | 5.304 1x10™ | 2.0929x10™ | 7.500 0x107
e /% -0. 050 -0.322 -0.337 -0. 047 -0. 050 -0. 329 -0. 050 -0.337

3,(L) | 1.5504x107 | 2.4265x107 | =3.0318x107 | 1.0198x10™ | -6.201 7x107 | 2.838 1x10™ | 8.268 9x10™ | 4.0424x107

3,(T) | 1.5509x107 | 2.429 1x107 | ~3.0352x107 | 9.8253x107 | =6.2034x107 | 2.8412x107 | 8.2712x107 | 4.0469x107
e /% -0. 028 -0. 108 -0. 111 3.788 -0. 028 -0.110 -0. 028 -0. 111
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Tab.4 Calculation results of flexibility of catenary and hybrid flexure hinges
C,/(m-N") C,,/(m-N™") Co/N™! Cy/(m*N™") Cy /N Cs/[rad(N-m)™"' ]| Cy/[rad(N-m)™']
2,(L) 2.354 9x10” 3.7519x107 -7.026 3x10°° 1.548 1x10°° -1.4129x107° 2.8259x10°* 1. 405 3x107
2.(F) 2.479 1x10” 3.7859x107 -7.111 8x10°° 1. 644 5x10°° -1.510 1x107° 2.806 8x10°™* 1. 446 4107
e/% 5.274 0. 906 1.217 6.227 6. 879 -0. 674 2.844
3,.(L) 1.593 6x107° 2.555 6x107 -3.185 5x10°° 1.048 9x10°* -6.374 4x10” 8.499 2x10°° 4.247 3x107
3, (F) 1. 676 4x107° 2.571 3x107 -3.215 6x10°° 1.107 6x10°° -6. 881 7x107 8.434 4x10°7 4.353 8x107
el% 5.196 0.614 0. 945 5.596 7.958 -0. 764 2.507
2,.-2.(L) 2.446 4x107° 4.162 2x107 -7.6343x10°7 1. 637 3x10°° -1.494 1x10°° 2.9356x10™ 1.497 3x107
2.-2.(F) 2.566 6x10” 4.163 7x107 -7.663 8x10°° 1.720 7x10°° -1.613 7x10°° 2.899 4x10°™* 1.528 5x107
el% 4.913 0.036 0. 386 5.094 8.005 -1.233 4.672
SE-LC(L) 8.5153x10” 5.329 0x10°° -1.065 8x10 1.304 3x107 -1.928 0x107° 4.087 3x10°7° 2.2239x107"
SE,-LC,(F) 8. 605 7%10” 5.177 7%10°° -1.0353x107 1.364 5x107 -2. 006 4x107° 4.181 6x107 2.163 5x107"
/% -1.061 2. 840 2.857 -4.618 -4. 069 -2.306 2.717
T Thrca TR BAELL .
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Tab.5 Calculation results of the rotation accuracy of flexure hinges
C/(m-N") Ch/(m-N") CL /N Cl/(m-N") Ci /N
1, (L) 3.891 5x107 4.016 7x107 -5.247 7107 3.840 3x10™ -2.913 4x10°
1,(T) 3.894 8x10” 4.018 2x107 -5.2609x10 3.843 8x10°™ -2.9158x10°°
/% -0. 084 -0.037 -0.250 -0. 091 -0. 085
2,,(L) 5.959 2x107"° 1.1255x10°° -9.950 3x107 2.716 3x10” -7.687 7x10°
2,(T) 5.976 6x107" 1. 132 8x10°* -1.003 3x10°° 2.7220x107° -7.6923x10°
e/% -0.291 -0. 646 -0.829 -0.210 -0. 060
3,,(L) 7.740 5x107"° 2.593 8x10°™ -2. 443 7x10°° 3.5322x10” -1.017 2x107
3,,(T) 7.754 3x107" 2.606 9x10°* -2.4575x10°° 3.3502x10”° -1.018 4x107
e/% -0.177 -0.503 -0.562 5.434 -0.118
2,(L) 1. 177 4x10°7 4.093 4x10° -5.799 2107 5.3672x107 -2.318 1x107
2, (F) 1.277 7%10”° 4.1529x10°° -5.9819x10°° 5. 644 9x10” -2.2022x107
e/% 8.519 1.454 3.150 5.168 -5..000
3.(L) 7.968 0x107" 2.8429x10™ -2. 680 8x10°° 3. 645 9x10” -1. 055 8x107
3, (F) 8.598 4x107"° 2.874 5x10°° -2.754 8x10°° 3.806 7x107 -1.003 3x107
e/% 7.911 1111 2.760 4.410 4.972
2,-2.(L) 1.268 9x10” 5.156 2x10° -7.277 0x10°° 5.853 1x10” -2.580 8x107
2,-2.(F) 1.328 6x107 5.1850x10° ~7.408 6x107° 6. 066 3x107 -2.413 6x107
/% 4.705 0.559 1. 808 3.643 -6.479
SE-LC(L) 4.7577x107° 6.922 4x107 -1. 162 8x10™ 3.7535x10° -3.378 3x10°°
SE-LC(F) 4.879 8x10”° 6.729 7x107 -1. 128 0x10™ 3.897 5x10° -3.464 1x10°°
e/% -2.566 2.783 2.989 -3.836 -2.538
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WANG Chuanli, LI Cheng, HE Tao, et al. Design calculation and

Design and analysis of catenary and conical section hybrid flexure hinges

XIE Zuqgiang CHEN Guiqing
(School of Mechanical and Intelligent Manufacturing, Fujian Chuanzheng Communications College, Fuzhou 350007, China)

Abstract: [Objective] Existing research on flexible hinges corresponds to complex expressions for flexibility and rotational
accuracy calculations. To address this issue, a new type of catenary flexure hinge was designed, and a method for establishing
the hinge’ s compliance and rotational accuracy model by approximating arc segments with straight-line segments was proposed.
[Methods] Firstly, by defining the flexure hinge as a series combination of tapered and expanded sections, the curve in the
tapered segment was divided into several arc segments, and the curve segments were approximated with straight segments.
Based on the Castigliano’ s second theorem, a method by calculating the flexibility of the tapered section and then establishing
the hinge flexibility and rotational accuracy model through matrix operations was established. Secondly, using specific
examples, the derived formula, literature formulas, and the finite element method were employed for calculations. When the
curve segment was finely divided, the calculation results align well, thereby verifying the formula’ s correctness. Thirdly, the
influence of structural parameters on the flexibility, rotation accuracy, and flexibility-accuracy ratio of catenary flexure hinges
was analyzed. Finally, the bending flexibility and flexibility-accuracy ratio of the catenary, conic, and their hybrid hinges were
analyzed with the same structural parameters. [Results] The results show that a single parameter has a negative correlation with
flexibility and rotation accuracy of the catenary hinge, and reducing the minimum thickness is the best way to improve
flexibility. Under the same structural parameters, the flexibility and flexibility-accuracy ratio of the catenary hinge is between
parabolic and circular shapes. Choosing a hybrid hinge with a section of high flexibility for the tapered section and a section of
low flexibility for the expanded section allows for a balance between flexibility and motion accuracy.The greater the difference
in flexibility, the better the flexibility-accuracy ratio.

Key words: Catenary flexure hinge; Hybrid flexure hinge; Tapered section; Linear approximation; Flexibility modeling
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