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For ground-based telescope application, the performance assessment of tip-tilt actuator is
important because the optical quality of telescope depends upon the windshake compensation
ability of the fast steering secondary mirror. But it is difficult to measure the performance
characteristics of the actuators due to the large size mirror and test facilities including the vacuum
support and structural frame. In this paper, the full-scale tip-tilt test bed for the large size
secondary mirror with diameter of 1m is built and the several tests are performed including the
range, resolution and frequency response function. From the measurement results, it is shown
that the tip-tilt actuator can successfully compensate the windshake with frequency of maximum
12 Hz and be a candidate for the Giant Magellan Telescope.
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M = Mass of mirror

1 =Moment of inertia of mirror in the X-direction

0y = The rotation angle in the X-direction

Oy = The rotation angle in the Y-direction

r = Distance between the mirror center and tip-tilt
actuators

f1>./5, /3 =Forces exerted to the mirror by three tip-tilt

actuators
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Fig. 1 Tip-tilt actuator for fast steering mirror
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Fig. 2 Three tip-tilt actuators and dummy mirror
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D : 1064 mm

Fig. 3 Photograph of dummy mirror manufactured
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lateral support

Fig. 4 Solid model of lateral support

ip-tilt actuator

Dummy mirror

Lateral support

Fig. 5 Sectional view of mirror cell assembly
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Fig. 6 Three tip-tilt actuators and dummy mirror

Table 1 Parameters of tip-tilt actuator and dummy mirror

Moment of inertia of dummy mirror in

2
the X-direction / 8.185Kgm

Distance between the mirror center and

tip-tilt actuators r 0.315m

Mass of dummy mirror M M=114Kg
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(a) Finite element model for mirror cell assembly
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(b) Lateral mode shape at 39.11 Hz

(c) Tilting mode shape at 87.59 Hz

Fig. 7 Contour plot of displacements for tip-tilt actuator

and dummy mirror by finite element analysis
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Fig. 8 Four differential precision angle sensors to
measure the angular positions of dummy mirror in
the test bed
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Fig. 9 Block diagrams of closed-loop control systems for
tip-tilt actuator and dummy mirror (0x and y)
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Fig. 10 Time response of tip-tilt actuator for sinusoidal

input with amplitude of 10 arc sec, frequency 12
Hz
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Fig. 11 Resolution of tip-tilt actuator for 10 step inputs
with amplitude of 0.03 arc sec
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Fig. 12 Experimental layout for frequency response
function of tip tilt actuator

E AHgsiglen] ZF £E3k A2~ AHEY(Cross
k=

coupling)> §le Ao

Magnitude (dB)

T ————— T —————
1 10 100

Frequency (Hz)

Fig. 13 Resonance characteristics of tip-tilt actuator and

dummy mirror in open-loop condition
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Fig. 14 Frequency response of tip-tilt actuator and

dummy mirror in closed loop condition
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