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Design of fast-steering mirror with spherical pair supporting structure
driven by voice coil actuators
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Abstract: A Fast-steering Mirror (FSM) with a spherical pair supporting structure driven by linear
voice coil actuators was designed to control the transmission direction of a laser precisely. The me-
chanical structure reflector, actuators and angle measurement elements of the system were designed
and chosen, respectively, on the basis of functions and design requirements of the FSM. Then, the
FSM system was tested and analyzed by experiments after finely manufacturing, assembling and ad-
justing. The results show that the FSM with the spherical pair supporting structure has simple struc-
ture and great carrying capacity,and its steady precision is more than 2” and resonance frequency is a-
bout 120 Hz. Furthermore, the system has great adaptability to vibrancy, impact and rotation.
Therefore, it can satisfy application requirements.
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Tab.1 Requisite performances and working

conditions of FSM system

Items Requirement
Optic diameter >@145 mm
Maximum angular range +5(X,Y axis)
Resonance frequency =100 Hz
Steady state tip/tilt error < 2

] o Existing vibration,
Working conditions )
Impact and rotation
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Coil assembly
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Magnet assembly
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Fig. 1 Linear voice coil motor
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Tab. 2 Performances of linear voice coil motor

No. Items Value
1 Size of motor @45X 28 mm
2 Total stroke 6 mm
3 Clearance on each side of coil 0.4 mm
4 Elect time constant 0.15 ms
5 Driving voltage 20V
6 Continuous force 12 N
7 Weight of coil assembly 38 g
8 Weight of field assembly 178 ¢
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Tab.3 Material performance and prices of several familiar reflectors

Thermal Thermal Price of raw
Density Elastic modulus  Specific stiffness o .
Material ) ) expansivity conductivity material (about)
/(g+cem™?) /(GPa) /(10°Nm « kg™ ") )
/(107" « K™ /(Wem 'K /CY¥)
Tul 8. 94 117 13.1 16.7 392 700
Lc9 2.79 72 25.8 23.4 176 100
K9 2.50 70 28.0 7.2 0.29 600
RB-SiC 3. 11 373 119.9 2.7 147 50 000
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Fig. 2 Structure of lightweight reflector
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Tab. 4 Structure parameters of lightweight reflector

Size Thickness Width of rib  Highness of rib Weight Lightening
Material

/mm /mm /mm /mm /kg ratio/ %

Lc9 210X150 20 6 10 0.98 28

RB-SiC 210X150 20 4 12 0.91 41

3.3 WM&

W 3 iR B iy Bk |l S8 L FSM R 5
F2 B OV 1 R S L AR TR AE L P R T BR JE
BB 2 X B F L L S L R AR R A R A
TCAFEF L B . b, 5 AR 1Y A 3R T RN BE A 1 P 3R
AT Y41 oA R T 0 — 8 43 » 3 22 R) 3 5 v R R A Bk
SH NI 3 ) R0 BE T 4 BR 1S Bl A
AT - 10 S B I A JE BV AT 7R R AE R T [ E R
FEIESS Ay A 4 A B i AL/ AR R, 52
PSR AR By, 4 SR I A A SRR X
PR BT 8 B A L A0, 0 6 S S B 1 i
Beff, I 3 ATHL FSM RS EE B4y £

Support frame with spherical surface

Mirror holder with spherical surface
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Fig. 3 Diagram of FSM structure with spherical pair and locations of actuators (A) and sensors(S)
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of mirror holder
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Fig. 4  Constitute structure of mirror holder with

spherical surface
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Fig. 6 Sensor for linear distance
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Fig. 7 Diagram of control system
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Fig. 8 Closed-loop amplitude-frequency characteriatic

curve of control system
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