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Structure Design of S-type Foldable Flexible Hinges
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Abstract: According to principles of flexure hinge series and parallel relationship, a S-type fold-
able flexible hinge was designed in order to reduce flexibility and get a larger corner of the flexible hin-
ges. Using pseudo rigid-body method and energy method, the stiffness model of S-type flexure hinges
was deduced. By ANSYS, a finite element model of the flexible hinges was built, and the stiffness and
stress analyses of the S-type hinges were carried out. It is found that the stiffness of errors are about
3% by comparing the simulation values and theoretical values. As a result, the stiffness model of
S-type flexure hinges is proved right, When the rotational degrees about the flexure hinge are up to =35, the
safety of factor is as 4. So the S-type foldable flexible hinges fully meet the design requirements.
Key words: flexure hinge; pseudo-rigid-body method; energy method; equivalent stiffness; finite
element analysis
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Fig.1 Constraint board of flexure hinge
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Fig.2 3D model of S type flexible hinge
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Fig.3 Size of the first part about flexible hinge
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Fig.4 Equivalent stiffness of flexure hinge
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Fig.5 Deformation of the fixed-oriented beam element
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Fig.6 Pseudo rigid body model of straight beam
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Fig.7 Force diagram of the curved beam
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Fig.8 Diagram of rotational stress and deformation
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Tab.1 Simulation value, theoretical value and stress

value of the torque hinge

B iy ) iéﬁ?';gg w20 | RGP
3.5 0.97 0.94 3.19 848
7.0 1.93 1.87 3.21 1697
10.5 2.90 2.81 3.20 2545
14.0 3.87 3.74 3.48 3394
17.5 4.83 4.68 3.21 4243
21.0 5.80 5.62 3.20 5091
24.5 6.77 6.55 3.36 5940
28.0 7.73 7.49 3.20 6788
31.5 8.70 8.43 3.20 7637
35.0 9.67 9.36 3.31 8485
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Fig.9 Simulation value and theoretical value of reverse
stiffness about flexible hinge
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Fig.10 Diagram of radial stress and deformation
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Tab.2 Simulation value of radial force and stress

about the hinge

{7 #% (mm) 0.3 0.6 0.9 1.2 1.5
J1(mN) 2.18 4.36 4.74 6.02 7.30
R A1 (kPa) 255 510 764 1020 1270
17 # (mm) 1.8 2.1 2.4 2.7 3.0
J1(mN) 8.58 9.86 11.14 | 14.42 13.70
W F1 (kPa) 1530 1780 2040 2290 2550
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Fig.11 Force-displacement simulation values of

y direction
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