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Design and Analysis of Deform — X Flexure Hinge

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

Abstract; Deform — X flexure hinge was designed, and its equivalent stiffness was analyzed by using
differential methods, and the theoretical calculation formula of the equivalent stiffness of Deform — X
flexure hinge was derived. Through theoretical analysis and ABAQUS simulation analysis of Deform — X
flexure hinge in a size, the correctness of calculation formula of the equivalent stiffness of Deform — X
flexure hinge was verified. By comparing the performance of X-shaped flexure hinge with the same shape
and size as the Deform — X flexure hinge, the bending deflection angle of the Deform — X flexure hinge
was about three times of that of the X-shaped flexible hinge under the same torque. Bending failure
analysis of X-shaped flexure hinge and Deform — X flexure hinge was carried out, and the results showed
that the available using range of Deform — X flexure hinge was wider than that of X-shaped flexure hinge.
The four-bar mechanism model based on Deform — X flexure hinge was manufactured. The test and
simulation analysis showed that the Deform — X flexure hinge can realize the expected deformation. In
addition, the four-bar mechanism model based on X-shaped flexure hinge was established in ABAQUS.
Through the comparative simulation analysis, in the case of the same size, the bend deformation
performance of four-bar mechanism based on Deform — X flexure hinge was better than that of four-bar
mechanism based on X-shaped flexure hinge.
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Fig. 1 3D model diagram of Deform — X flexure hinge
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Fig.2 Dimension labels of Deform — X flexure hinge
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Tab.1 Performance parameters of materials
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Tab.2 Size of Deform — X flexure hinge examples
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Tab.3 Theoretical and simulation values of bending angle of Deform — X flexure hinge ( beryllium bronze)

and its relative error
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Fig.6 Dimension labels of X-shaped flexure hinge
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mm
S8 Wy Ly ly wy L Wy
Bt 50 20 1 3 30 3

[R)AE AR FH Al 20 i SRV AR AT DA 3 S 45 3 X AU 2
BRSO B IS TR A
bk,

T

(27)

2B, Gty (2eot’a ~2. 52wt cota +0. 795
120,6(2cot’aat =2. 52w tcote +0.797) + 31 tanaFuw, (2w, cota - 1. 261,)

(28)

E(l, -2w)¢t
12w, cota

WU A HIE N X Bk AR iR (27) ~
(29) Fne 1.4 R % , rTTT oA XA 22 o o o
191 i S5 S5 M B k,, =1 512 N-mm/rad

[FFE, 76 ABAQUS Hr gty X 7 2% P 0 e 5 ] 11
A BRIC A B4 B AR i i kR B B4 % TR AT A )
D5 B A 09 725 i AR T 5 0., 40 il AT LA 3
iR I IR A 6, FIAHRT R 25 6,

R 1515 21 9 B0 1] A% il Deform — X 2
PEACHE AT X TR 22 1 0 A R 6 L AR Ak
BT BT, TR B AT LA B 4 B bR S R TN 0 A
Deform — X 2B HE A X 70 52 M B0kt 25 il 07 2145 £
Xt AR AL R S & 8 iR . M H ] LLE S A [
MRFRISNE R F B Deform — X Z2 M 555 Al X AU 2
PEBCHE R D M RE 22 AR OK, M R B R E LT,
Deform — X 2 % 1 45 1l A8 TE e f 249 g X 7 2k
BUEER 3 A%, B Deform — X 22 1 B84 T LAAE 5L /N
AR R R AR B R A il AR T Al RE A5 2
KT

(29)

kl, = (sinacosa)’



374 Kol AL % R 2017 4

O8] e Deform X 2 SR X T 2 PR B RE HEAT 0 B4 T, 7E ABAQUS gt
I 7. 2 T S5 ) 19 A B G £ A AR, R

o 041 —v— XEipH SRR

%m FHBE R 8 8, 4 Deform — X 22 B 4 i i %
o U T, =360 N+mm, H R F7 25 Ui € 9a o5 , % £
& Z=EANE 9b FroR B EuE S,
0

0 50 100 150 200 250 300
56/(N - mm)
B 7 453541 Deform — X 1 X ISP esE 25 lh % £ % EL

Fig. 7 Comparison of bending angle of beryllium bronze

Deform — X flexure hinge and X-shaped flexure hinge
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Tab.5 Failure analysis data comparison of Deform — X flexure hinge and X-shaped flexure hinge
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