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Abstract large optomechanical instruments are difficult to process in short time. In order to verify the correctness
of instrument design, the similarity model test was used to replace the prototype research. Based on the similarity
theorem, the similarity relationship between the prototype and the scaled model of the collimator system in the
Thirty Meter Telescope (TMT ) wide field spectrometer was first derived. The finite element models of the
prototype and the 1 3 3 scaled model were then established, and the modal analysis and the surface analysis were
conducted based on these two models. The similarity model test and the analysis for the scaled model object were
finally performed. At the scale of 1 : 3, the vibration mode similarities of these two models conform to the

theoretical analysis results. The root mean square value of surface wavefront errors for the scaled model is 0. 0651 (A
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is wavelength) in the working environment. The model test results prove that the scaled model of the collimator
system can satisfy the requirements of an optical system, which can predict the dynamic responses and surface
deformation changes of prototype. The study can provide technical accumulation for the formal research of
subsequent projects.

Key words measurement; thirty meter telescope; wide field spectrometer; collimator system; dynamics analysis of
similarity; similarity model test
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. (a) 3 (b)
Fig. 1 Structure and main dimensions of collimator system. (a ) Structure ; (b ) main dimensions
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Table 1 Similarity ratio among physical parameters of

collimator system

Physical parameter Scale factor Value

l A 3

o A, 1

E Ae 1

v A, 1

f A 1/3

G AG 27

3
) 1/3
b o b
, , 1
b o
o 2

Table 2 First to sixth order frequencies for finite element

models of prototype and scaled model of collimator system

Frequency /Hz

Order Finite element Finite element model Error /%

model of prototype of scaled model

1 15.406 47.736 3.28
2 24.398 74.927 2.37
3 32.657 101.07 3.16
4 168.41 506.34 0.22
5 184.68 556.6 0.46
6 233.26 705.21 0.79

2 )
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. (a) ; (b)
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Fig. 2 Comparison among first to third order vibration
modes for finite element models of prototype and
scaled model of collimator system. (a)First
order vibration mode ; (b ) second order vibration

mode ; (¢ ) third order vibration mode
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3 . (@) ; (b)

Fig. 3 Surface deformation of collimator system. (a ) Prototype ; (b) scaled model

’ 5 . (@ ;
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Fig. 5 Mirror surface deformation for scaled model of
collimator system. (a ) After processing; (b) in
4 ° working environment
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