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Design and Performance Analysis of Lamina Emergent
Mechanisms S — LET-shaped Flexure Hinge

Qiu Lifang Pang Daqian Chen Jiaxing Yang Jianhong
(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Flexure hinges are significant components for achieving the action of lamina emergent
mechanisms ( LEMs). It has always been a challenge to design the suitable flexure hinges. The key
problem is how to design and accomplish the flexible hinges with fine performance and high accuracy.
Analysis on bending deformation of S-shaped flexible hinge and LET-shaped flexure hinge was compared
to find a higher precision flexure hinge which was more stable in working status. A new type of flexure
hinge was designed which combined the features of LET-shaped hinge with S-shaped hinge. It was named
as S — LET-shaped flexure hinge. The structure of the S — LET-shaped flexure hinge was designed and the
bending stiffness equivalent was presented. According to the characteristics of the bending stiffness, the
bending stiffness equivalent correction coefficient of S — LET-shaped flexure hinge was proposed. By
analyzing of bending equivalent stiffness for different dimensions of S — LET-shaped flexure hinges, the
correction coefficient of bending equivalent stiffness was obtained and the effectiveness of bending
equivalent stiffness was verified. Finally, the results of the finite element simulation of hinge bending
deformation and torsion deformation were compared among S-shaped, LET-shaped and S — LET-shaped
hinges. The bending deformation capacity of S — LET-shaped hinge was between S-shaped and LET-
shaped hinges and the torsional deformation capacity of S — LET-shaped hinge was the smallest among the
three kinds of hinges.
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Fig.2  Dimension labels for bending and torsion segments

of S— LET-shaped flexure hinge
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Tab.1 Theoretical and finite element simulated values of bending rotation angle, and their error and correction

F45E/(N-mm)

S5
20 40 60 80 100 150 200 300
A PE A 0, /rad 0.088 4 0.176 8 0.2652 0.353 6 0.4420 0. 663 1 0.884 1 1.3200
5 5 FLAH 6] /rad 0.0959 0.1919 0.2878 0.3837 0.479 7 0.719 4 0.959 1 1.4380
& IE Wi HE TR 25 8,/ % 8. 62 8.63 8.61 8.63 8. 62 8.58 8.58 8.96
& IE )5 % MBS {E 67 /rad 0. 095 0. 190 0.285 0. 380 0. 475 0.713 0. 950 1.425
1& IE J& M X 15 22 61/ % 0.97 0.99 0.97 0. 96 0.97 0. 96 0.93 0.90
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Tab.2 Theoretical and finite element simulated values
of stiffness, and their error and correction
BFERKBE 1)/ mm
20 25 30

0.2724 0.2169 0.1802
0.3030 0.2362 0.1934
0.2820 0.2199 0.1810
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Fig.5 Schematics of S-shaped, LET-shaped and S — LET-shaped flexure hinges
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Tab.3 Performance comparison of three flexure hinges under bending condition
S M4/ (N-mm)
20 40 60 80 100 150 200 300
S— LET BI&E f {f B /rad ~ 0.096 8 0.1935 0.290 2 0.3870 0.4837 0.7254 0.967 1 1.450 0
S R £ 1 FLAH /rad 0.2170 0.434 1 0.651 1 0.868 1 1.0850 1.626 0 2.1670 3.2440
LET B4 ffy {fj FLAE/rad 0. 066 5 0.1330 0.199 3 0.2169 0.2656 0.496 7 0.661 1 0.988 2
x4 IMREAEERILR
Tab.4 Performance comparison of three flexure hinges under torsion condition
¥ B/ (N-mm)
) 20 40 60 80 100 150 200 300
S — LET B %5 £ {)5 HAH /rad 0.0220 0.043 6 0.064 6 0.084 8 0.1045 0.1521 0.1987 0.290 2
S Tk £ 45 BUAR/rad 0.0712 0.1420 0.2120 0.2811 0.3495 0.5174 0.6809 0.9937
LET %1% £ {5 B /rad 0.0313 0.062 2 0.092 4 0.1215 0.150 1 0.219 1 0.278 1 0.3812
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