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Fig. 1 Schematic diagram of the DASH interferometer technique
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Fig. 2 Diagram of the DASH interferometer structure
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Table 1 DASH interferometer design parameters

Element Material Design parameters Value
Beam Splitter(BS1&.BS2) Fused silica Size 60 mm X 60 mm X 50 mm
Wedged Spacers(S1) Fused silica Thickness @center 4.73 mm
Wedged Spacers(S2) CaF, Thickness (@center 15.66 mm
Prism (P1) N-SF57 Thickness (@center 10.14 mm
Prism(P2) N-SF57 Thickness @center 29.72 mm
Parallel Spacers (PPS) Fused silica Thickness @center 6 mm
Grating (G1&.G2) Fused silica Size 60 mm X 60 mm X 8 mm
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Table 2 Natural frequencies in three directions.

Parameter Value
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f 681.61 Hz
jA 1007.72 Hz
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Table 3 Material properties

i Density/ Yong's modulus/ . . Coefficient of thermal ~ Thermal conductivity/
Material Possion ratio )
(kg'm ") GPa expansion/C""' (Wem '-C")

TC4 4 400 109 0.28 9.1x10°° 7.4

Invar 8100 145 0.25 0.6x10° 13.9

Fused silica 2200 73.1 0.2 0.5x10° 1.31

CaF, 3180 75.8 0.28 1.876X10° 9.71

N-SF57 3500 96 0.26 8.48X10°° 0.99

BT 22 50 T AL B JE 00, ¢ 4 SRy 22 43 T B AL A = A T 1) A0 A R JC 43 BT (L, = 4> T Ta] 118 JE 45 1
KF 100 Hz, i & B2 38 ) 22 PR B oK
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Table 4 Natural frequencies of FEM in three directions

Direction Natural frequency/Hz
X 634
Y 686
A 942

MGET 22 A0 I 3 A BELAR 30 45 0F T B9 4L 4R i i K 3 12t . 22 5 M BEMLIR sl e A 20 7F . B A 5%
AR D0 DX A 9 7 T T iR A F T, 28 0 T S A 2 2 T Ak ) o e R i 7
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Table 5 Random vibration test conditions

Frequency range/Hz Acceleration power spectral density /(g Hz ') Direction
20~190 0.003 35
190~500 0.015
X,Y,Z
500~750 0.011 25
750~2 000 0.000 5

A BRIT /Wi S S5 R fe R R T (7,,) 28 65.56 MPa, & A 78 R R S5 i s 4k, 5 30 1T 25 1 —
e oo B RN 2 0.56 MPa, #5/NF AR STRLS B o 4 6 51 M 1 BEALIR 3 2604 1 B9 0 T 23 B

k6 MAHiE
Table 6 Stress of FEM

Maximum shear stress between Maximum shear stress . . Maximum mechanical
o ) . Maximum mechanical .
Direction the structure and optical between optical stress of optical
stress of structure/MPa

elements /MPa elements /MPa elements/MPa

X 2.8 0.16 31.26 0.4

Y 2.6 0.15 31.04 0.38

4 3.4 0.2 35.56 0.56
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Fig.7 Surface shape cloud picture of the DASH interferometer assembly in near—infrared
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Table 7 PV and RMS

Optical component RMS 1Y%
Long arm 1.55 nm 6.467 nm
Short arm 1.671 nm 7.850 nm
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Table 8 Comparison of natural frequencies of modal analysis and test

Natural frequency/Hz

Direction e
FEM Test
< 61 649.7 24%
¥ 686 669.8 24%
. 942 979.2 3.8%
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Fig. 9 Schematic of optical test before and after the tests
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Stable Structure of a Near—infrared Doppler Asymmetric Spatial
Heterodyne Interferometer

SUN Jian"*, FENG Yutao', CHANG Chenguang'*, WANG Wei', LI Juan', HU Bingliang'
(1 Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences, Xi'an 710119, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The mounting for a space—borne Doppler Asymmetric Spatial Heterodyne (DASH)
interferometer, which is a key part of the space~borne DASH wind instrument, should be able to withstand
the mechanical and thermal conditions of being space—borne. As spectral resolution increases, the size of
the DASH interferometer increases. The stable rugged support structure for a large—sized interferometer
has become a key issue. By far, the vast majority of the vibrational energy is produced at lower frequencies.
Therefore, in order to improve mechanical performance, an effort can be made to ensure that the lowest
natural frequency of the mounting structure is as high as possible. In existing approaches, the natural
frequency of the assembly can be increased by increasing the adhesive area. However, the (metal-to-glass)
gluing surface tension breaks during the vibration tests because of the lower natural frequency. In this
paper, a novel, and stable support structure is proposed, with its effectiveness exemplified for a Near—
Infrared (NIR) DASH interferometer. Based on the principle of DASH interferometer technique, the
materials and dimensions of the optical components were selected to compensate for the phase shift at the
fringes as the arms expand with temperature, which improves the optical components’ thermal stability.
The mathematical model of a structure was established, and the detail optimization process was designed.
Parameters affecting the spring constants were analyzed. The parameters of the structure were optimized by
requiring the maximum mechanical stress of the structure and maximum shear stress at the gluing surface to
be less than the strength value. The spring constants were designed to adjust the natural frequency of the
DASH interferometer assembly and improve the mechanical stability. The mathematical model results
show that the lower spring is much stiffer than the top spring. The maximum shear stress of the structure
was 48 MPa. The maximum shear stress at the gluing surface was 1.4 MPa. The bending deformations of
the gluing surfaces were less than 1 um. The Finite Element Analysis (FEA) results show that the
maximum stresses of mechanical components and optical components were 65.56 MPa and 0.56 MPa,
which are less than the tensile strength of the material. The maximum shear stress at metal-to—glass gluing
surfaces was 3.4 MPa. The safety margin was 3.4. The maximum shear stress at the glass—to—glass gluing
surface was 0.16 MPa. The safety margin was 83.3. All values have a high safety margin. The FEA results
were consistent with the model calculation results. As the DASH interferometer is thermally stabilized
about 5 °C above the wind instrument temperature, the Finite Element Model (FEM) of the DASH
interferometer assembly was established to analyze the thermal stability. Under the environmental
temperature change of 5 ‘C, the Surface Shape Error (RMS) of beam splitters was 1.671 nm. The
interferogram distortion caused by thermal stress can be ignored. The vibration test results indicate that the
relative error of natural frequencies between the FEM and sine sweep test was less than 4% . The results
from FEA and vibration tests agree with the model calculation results. The optical results indicate that the
fringe frequency did not change (the number of fringes is 50) before and after the vibration test, which
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directly reveals that there was no breakage in the gluing surfaces (metal-to—glass gluing and glass—to—glass
gluing) , and the interferometer assembly remained undamaged. The phase shift was caused by the location
accuracy of the DASH interferometer assembly in the optical system. Compared with existing methods, the
mechanical performance was improved. The proposed structure can meet the requirements of the launch
environment. Moreover, the proposed design of the stable support structure can be used in other
interferometers. And the structure was used to mount a short infrared wave DASH interferometer, which is
larger than NIR DASH interferometer.

Key words: Near—infrared Doppler asymmetric spatial heterodyne interferometer; Optimal structure;
Mathematical model; Mechanical stress; Shear stress; Surface shape
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