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Assembly and adjustment method of multi-reference axis
transmission optical system

DU Guojun, WANG Chunyu, OU Zongyao, WANG Cong, HU Bin
(Beijing Institute of Space Mechanics and Electricity, Beijing 100194, China)

Abstract: The spectral data of continuous spatial distribution can be obtained by the spaceborne spectrometer,
which is widely applied in the detection of terrestrial vegetation and marine environment. In order to correct
the distortion of the system, the imaging lens was designed as an off-axis transmission-type optical system.
There were three optical axes in the system, the angle between the axes was 0.606°, and the eccentricity was
0.279 mm, which the traditional assembly and adjustment method could not solve this problem. The sensitivity
analysis results of the system were obtained by using the computer-assisted assembly and adjustment
technology, and a new assembly and adjustment method of multi-reference axis centring was proposed. The
reference axis was constructed by presetting the eccentricity and tilt of the structure, and the reference axis was
extracted by using an optical plate. The complex multi-axis system was decomposed into the single-axis
subsystem, and the multi-axis transmission system assembly and adjustment of the spectrometer was
accomplished. The test results show that the lens eccentricity error is less than 25.4 um, the tilt error is less
than 17.7", and the distortion deviation between test results and theoretical results is less than 0.32 pm, which
provides a new way for assembly and adjustment of off-axis refraction lens.
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Fig. | Schematic diagram of imaging optical system
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Table 1 Parameters of lens eccentricity and tilt
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Fig. 2 Relationship between distortion and misadjustment
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Fig.3 Assembly and adjustment process of imaging system
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Fig. 4 Schematic diagram of machine tool centring
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Fig. 5 Coaxial assembly and adjustment method
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Fig. 6 Diagram of coaxial assembly and adjustment
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Fig. 8 Assembly and adjustment process of imaging lens
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Fig. 9 Assembly and adjustment process of multi-reference
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Fig. 10 Distribution diagram of eccentricity and tilt errors
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Table 2 Corresponding lens distance and test distance

Item Lensl & Lens2 Lens2 & Lens3 Lens3 & Lens4 Lens4 & Lens5
Distance between vertex of lens/mm 1.800 50.765 25.248 6.928
Distance between lens/mm 1.800 50.763 25.248 6.923
Difference/mm 0 0.002 0 0.005
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Table 3 Measurement error of lens distance
PR BE SR RO RS DR BEllE
8 PR /um R /um % /um
BIE 10 1 14.2

(2) [FRHBERIBEINR  (b) 2 RHBERIBERI IR (o) BB BEN L3R

B 12 $EE R iTiE

Fig. 12 Test process of lens distance

5 [y, 38 AT AT o0 I A B 1 RSB 2 R
TS = dy N dye 35 1 BB 2 BRI BT

Dy,=d,-d —-D, (1D
e D, i 2 (LR BE s Dy S 3 iy
JELRE . [ BRI A B 3 FE B 4 BEIAIIE Dy

B 1 FE BT 2 A2 % BN BE i v, I i
20 bR = 8 Hy, R AE G 3 FE G 4 HAF,
D375 4 4 b T I s A Hy, %58 2 PO BE 3 1Y
BEIRIEE Doy I F R

Dyy=H,—H,—D3,—D;—D, (12>

[ BRI d 0558 4 A S BelblliE Dys. RG%E
W JE LY E A 13 Fis

B 13 mREELIYE

Fig. 13 Diagram of imaging lens
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Table 4 Eccentricity and tilt of lens 1, 2 and lens 3, 4

Parameters Decenter X/um Decenter ¥/um Tilt X/(") Tilt Y/(")
Axisl 0 0 0 0
-10.4 —297.5 -3.3 —960.9

Axis2
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Table 5 Eccentricity and tilt of lens 3, 4 and lens 5

Decenter X/um Decenter ¥/um  Tilt X/(")  Tilt ¥/(")
Axis2 0 0 0 0
Axis3 -9.1 —253.5 -17.6 -1232.1
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Table 6 Eccentricity and tilt deviation of lens

Difference Decenter X/um Decenter ¥/um Tilt X/(") Tilt ¥/(")

Axisl 0 0 0 0
Axis2 -10.4 -18.5 -33 -17.7
Axis3 1.3 25.4 -14.3 6.3
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Fig. 14 Comparison of theoretical and actual distortion
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