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Research on Equivalent Stiffness and Structure

Characteristic of X-shaped Flexure Hinge

QIU Lifang, WANG Dong, YIN Siqi, YANG Debin’
(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Based on compressed double segment flexure hinge, the four segment X-shaped flexure hinge
was designed,and its structure characteristic was studied. As the major deformation segment of X-shaped
flexure hinge is bending-torsional coupling segment, the analysis on the equivalent stiffness of bending tor-
sion coupling was performed by differential method and the method based on compressed double segment
flexure hinge,and the theoretical calculation formula of the equivalent stiffness of X-shaped flexure hinge
was derived.Several examples of X-shaped flexure hinge with different sizes were presented, the equivalent
stiffness of these examples was calculated by two calculation formulas,and the simulation analysis on these
examples was then carried out through ABAQUS software. The results of the three methods have showed
the correctness of the theoretical calculation formula and the simulation model. Finally, the range of struc-
tural parameters that should be avoided when designing the hinge was obtained by the analysis of the
structure characteristic.
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Fig.1 3D model of X-shaped flexure hinge
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Fig.2 The segments of X-shaped flexure hinge
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Fig.3 Dimension labels of X-shaped

flexure hinge

2 XRMRENFLNESH

2.1 5k
AR A SRR BCHE A4 9 A R0 L e XOE R Bt
1 ALB.CoD R Befl E F Bedr Bl S5 30 25 5 s



%8

R 545 « X Ak B A5 M EE M S 25 A R AT 65

25 SR AR S E A HR O IBOC AR Rl 1R E) X P
FNE B A SRR AN 4 .

B4 ke X R SRR R
Fig.4 The associated spring model of X-shaped

flexure hinge with differential method
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Fig.5 X-Y plot of bending-torsional

coupling segment
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Fig.6 Differential diagram of bending angle

in bending-torsional coupling segment
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Fig.7 Differential diagram of torsional angle in

bending-torsional coupling segment
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Fig.8 The associated spring model of X-shaped
flexure hinge with Mixed Tension Resistant method
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Tab.1 Performance parameters of beryllium bronze

BT 8.3 128 0.29 1170
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Tab.2 The size of X-shaped flexure hinge examples
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A o/ () 30.46 33.69 35.53 37.56 39.8
L/mm 20 20 20 20 20 20
lo/mm 68 64 60 56 52 48
to/mm 1 1 1 1 1 1
wz/mm 5.1 4.8 4.5 4.2 3.9 3.6

42.27 45 48.01  51.34 59.03  63.43  68.19
20 20 20 20 20 20 20 20
44 40 36 32 28 24 20 16
1 1 1 1 1 1 1 1
3.3 3 2.7 2.4 2.1 1.8 1.5 1.2
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Tab.3 The equivalent stiffness calculated
by differential method

B et P e i)
1 688.4 8 829.5
2 713.0 9 826.4
3 737.8 10 806.8
4 762.1 11 763.7
5 785.1 12 689.3
6 805.4 13 575.5
7 821.2 14 416.7
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Tab.4 The equivalent stiffness calculated by
Mixed Tension Resistant method
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1 864.2 8 933.4
2 885.1 9 909.7
3 904.6 10 867.9
4 921.5 11 803.4
5 934.8 12 711.1
6 942.8 13 588.0
7 943.2 14 436.4

UR, UR1
+6.928e-01
+6.350e-01
+5.773e-01
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+4.618e-01
+4.041e-01
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+2.887e-01
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-2.501e-07
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Fig.9 FEA model of the X-shaped flexure hinge

showing the stress in bending condition
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Tab.5 The angular displacement and the equivalent
stiffness in ABAQUS FEA model

i wfrd N e w0 N
mm ¢ rad 1) mm * rad 1)
1 04302 697.35 8  0.3744 801.28
2 04181 717.53 9 03777 794.28
3 0.406 9 737.28 10 0.387 6 773.99
4 0.3966 756.42 11 0.407 8 735.65
5 0.3878 773.59 12 0.447 6 670.24
6  0.3808 787.81 13 0.5232 573.39
7 03758 798.29 14 0.692 8 433.02
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Fig.10 Data comparison of the equivalent
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