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Design and application of bi-axial half-butterfly flexure

hinges in fast steering mirrors

Zhao Lei, Liu Qiuxing, Hu Bo, Wang Hu, Liang Liang, Lu Heng
(Xi'an Institute of Applied Optics, Xi'an 710065, China)

Abstract: A bi-axial half-butterfly flexure hinge for an fast steering mirror (FSM) was presented to adapt high
stability accuracy of beam-pointing control performance in laser weapon systems. According to the requirements
of reciprocating movements and high bandwidth provided for the FSM, the solid model of the bi-axial half-
butterfly flexure hinge was designed. By applying Castigliano’s displacement theorem, the numerical model was
simplified and deduced. Furthermore, to quantify the numerical model, natural frequencies of the finite-element
analysis and experiments were carried out, of which the results were compared with the analytic solutions. The
experiment results show that the in-plane natural frequency is 165.29 Hz. The comparison shows that the error
between numerical analytic and experimentation is 1.3%, and the error between FEA and experimentation is
3.2%. It is proven that the bi-axial half-butterfly flexure hinge is an appropriate structure as a guide mechanism
for an FSM system.
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fast steering mirror;  beam steering control
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Tab.1 Main parameters of a bi-axial half-butterfly

flexure hinge

Parameters Characteristics
Section length /,/mm 18
Section length /3/mm 23
Section width #/mm 0.5
Section thickness w/mm 20
Angle ¢,/(°) 15
Angle ¢,/(°) 30
Modulus of elasticity £/GPa 110

Moment of inertia J,/kg-m? 1.67x107°
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Tab.2 Material parameters of a bi-axial half-butterfly flexure hinge

Material Density, p/g-cm™

Modulus of elasticity, £/GPa

Poisson’s ratio, v

Titanium alloy 4.5

110 0.34
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A: Half-butterfly flexure hinge A: Half-butterfly flexure hinge
Total deformation 1 Total deformation 2
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Fig.13 Simulation results of modals
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Tab.3 Modal frequencies and modal shapes of the
half-butterfly flexure hinge

Modal order Modal frequency/Hz Modal shape
1 160.04 Rotate around Z
2 915.22 Y direction
3 967.10 Z direction
4 967.80 X direction
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Fig.15 Open loop amplitude frequency response curve of Z axis
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Tab.4 Natural frequency verification with the FEM

and experiments

Freedom Z axis
Experiments 165.29
Natural frequency/Hz .
Analytic 163.13
Finite-element analysis 160.04
Error Analytic 1.3%
Finite-element analysis 3.2%
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