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Table 1 Main optical parameters of laser altimeter

Optical aperture /
mm

Parameter
urad

Field of view / Laser divergence angle /

Focal length /mm Concentricity /prad

prad

Value 218 380

<60 1000 <60
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Fig.2 Support structure design of laser altimeter based on kinematic mounting
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Table 2 Flexible hinge parameters and bending stiffness
Elastic . . . Cutting Bending
modulus / Width /- Thickness / radius / stiffness /

mm mm
GPa mm rad
110 35 5 3.5 8.62x10°
R3 OCERRS TSR E
Table 3 Optical plate parameters and bending stiffness
Elastic . . .
Width /  Height /  Length / Bending
modulus / .
N mm mm mm stiffness /rad
GPa
180 60 19 60 6.62x 10"
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Table 4 Basic parameters of satellite cabin board

Elastic modulus ~ Honeycomb height 4, / Thickness
E, /GPa mm h; /mm
70 19 0.5

B PR RUR B (T.) 5 % 8 (E.,) M

T=+3 (h.+ hy), (7)
mz—igﬁ—w (8)
V3 (ho+ h;)

2 X(7) . (8) 5315 2 S HU Al B oy 33. 8 mm,
SRR R R 2.07 GPa, 1l i A FR T H i E 15 F)
A X I TR AR R A AT 2 e A I
TSR

F 5 TR P N0 e AR AT 22 2R AR B E A L

Table 5 Comparison of stiffness between satellite cabin board and altimeter load mounting point

Stiffness at point B /(10°N+-m ')

Stiffness at point A /(10°N-m ")

Component
x K z x v z
Satellite cabin board 2.08 35.7 38.5 3.23 40.98 28.9
Laser altimeter 0.93 8.33 43.5 3.45 27.8 40
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Fig. 5 Probability distributions of errors. (a) Deformation deviation at point B along x direction; (b) deformation deviation at point B
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Table 6 Statistical values of errors 3 iﬁgﬁgﬁiﬂz
Error RMS value / 3.1 REFAFKBIEIE
P T B R R VT B g A PR RE 7R SO I R A4S
Deformation deviation at point B along x direction 102.76 R T A5 A I A RS L SR AR A 4
Deformation deviation at point B along 2 direction 174.27 VET B e iy &8 E 78 2304 b 47 s A 22
Deformation deviation at point A along x direction 72.48 D5 S22 Rl s . I RSN 5 X1 ERST S
Deformation deviation at point A along y direction 167.46 Xof ) R S FA WS R S Al AT A W R e b SR T AR R
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Fig. 6 Layout diagram of laser altimeter optical axis test

Accelerated speed (g)
28.1838 T
inputS(f)
X Y profile(f)
100000 83:418%, 1:60387
. . high-abort
2 944.3495 0.84075 : .
E 5 g - low-abort(f)
e s i
7 105.4175 0.490771 / \ (] high-alarm(f)
i =+ b F low-alarm(f)
! input5(f) _
e P AN A
\ \ }l control(f)
0.1000 =%
X 1 7 d— T T
L1 1 I p T §
Y e w0
|
, T
0.0100 {
0.0010
w2z |
0.0001
5.00 10.00 100.00 1000.00 1999.98
Frequency (Hz)

7 WL s A S B i 2%
Fig.7 Frequency sweep test curve of laser altimeter
D' Bl 14 3000 3 DA e SO i S S oA 0 A S ' il A R 8FR .
XFFHEBOERR Rt . SCHE o il i B f R DK Hi 2 8l A 2 22 2 S FORY L B4R 1] 2K F f R AL
- £ L By Al i B AR R R B R . KR E A 0.6 (Y2 3 prad) B A BEAEfL RN 1.67

1404004-5



£50% F 14 H1/2023 £ 7 B/HEHN;

(25K 8 prad) , Y5 B 25 =k 8.5 prad , 5 A X/ Hr
Mg REAR — . N PRSI A 5 Ot il 45 1 A
JE Y A2 Ak R, K CF O 1) 1 AR A Dl 3.37 (20
16.5 prad) , " H 75 10 A4k 5 57 (29 25 prad) , 6
Tl S 0 B N 30 prad o ) AR SR HT S OLRE 19)
FH1 T O 22 0 WS R, TR TR A Ty A iR shad AR b, TR DR
R B2 AT, SO e A2 AR K AR i A
iR 22 /N T 60 prad i G AR BR K

# 8 W ot il B 6 25 R
Table 8 Experiment results for concentricity of emission-

receiving optical axis

Condition Hori?ontal YerTical
declination /(") declination /(")
Before installation 2.8 —4.3
After installation 3.4 —5.9
After vibration experiment 6.7 —0.9
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Fig.8 Laser altimeter in experiment vacuum tank
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Analysis and Design of Satellite Interface of Laser Altimeter Based on
Stiffness Matching

Jiang Ziqing"”, Ye Daohuan"’, Hou Jia"*, Liu Anwei”, Huang Genghua"”
'Key Laboratory of Space Active Optical-Electro Technology, Chinese Academy of Sciences, Shanghai 200083,
China;
*Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China

Abstract

Objective Spaceborne lidar has a high orbit and wide observation range, which facilitates the accurate and rapid acquisition of large-
scale three-dimensional spatial information. It is a key research area, both domestically and internationally. Spaceborne lidar has been
increasingly used in marine remote sensing and topographic mapping. With the continuous development of China’s space laser
altimeter, the measurement accuracy has increased from 5.0 m to 0.3 m. The stability requirements of the optical-mechanical
structure continue to increase and the measurement accuracy also increases at the same time. Simultaneously, the laser itself is also a
highly sensitive component of the optomechanical instrument. There can be shape and position errors of the onboard interface owing
to factors such as production, emission vibration, and changes in satellite temperature. These errors lead to a deviation in the optical
axis of the laser altimeter. The traditional installation method considers the rigidity requirements of the instrument rather than the
precision requirements. In this study, the core accuracy of the altimeter is considered to be the main optimization goal. The flexibility
of the supporting structure is optimized to isolate a part of the deformation caused by the outside surroundings. This ensures that the
optical accuracy of the laser altimeter is better than that of the traditional method.

Methods This study designs the support structure of an altimeter based on the kinematic installation method. The rigidity of the
optical plate of the laser altimeter is enhanced, and the rigidity of the supporting structure is reduced as much as possible while
meeting the requirements of the satellite. Thus, most structural deformations caused by changes in the mechanical and thermal
environments are isolated. The flexibility of the support structure is implemented by the arcuate hinge, and the parameters of the
arcuate hinge are optimized to set reasonable flexibility. The structural deformation of the deck which is caused by the change in the
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mechanical and thermal environments is transmitted to the equipment by comparing their stiffness values. The carbon fiber composite
honeycomb panel is equivalent to an aluminum panel with a certain thickness using the equivalent method. The relative stiffness of the
instrument and deck at the installation point is obtained using finite element analysis. The range of the errors is set according to the
temperature and structural deviation ranges provided by the satellite. The optical axis stability performance of the laser altimeter under
the support structure designed in this study is obtained by stiffness calculation and statistical analysis of the errors. Mechanical and

thermo-optical tests are designed to verify the conclusions of the analysis.

Results and Discussions The stiffness ratio between the support structure and the optical plate is 1: 8 (Tables 2 and 3) by
structural optimization. The test shows that the first-order frequency of the device reaches 88 Hz (Fig. 7). The statistical analysis of
the errors shows that the optical axis change of the laser altimeter is only approximately 8.5 prad (Table 7) under the interference of the
external environment. The analysis results above imply that the supporting structure designed in this study can satisfy the
requirements of the structural rigidity of the satellite. Additionally, it can protect the optical performance of the laser altimeter from
structural deformation of the platform. The change in the optical axis of the laser altimeter is approximately 30 prad (Table 8) before
and after the mechanical vibration. The mechanical stability of the structure satisfies the optical requirements. During the thermo-
optical test, the optical axis stability of the device is about 8.5 prad (Fig. 8), indicating that when the environment temperature
alternates between high and low boundaries (20 ‘C+30 ‘C), the support structure can absorb most of the thermal deformation to ensure
optical stability.

Conclusions There are shape and position errors in the onboard interface due to factors such as production, emission vibration, and
changes in the satellite temperature. These errors lead to a deviation in the optical axis of the laser altimeter. To reduce the influence
of errors in the onboard interface, this study designs the support structure of the altimeter based on the kinematic installation method.
The support structure is optimized by stiffness analysis between the deck and the laser altimeter. The error distribution of the onboard
interface is analyzed using the Monte Carlo statistical method, and the errors in the installation area are determined as the analysis
inputs. The analysis and experimental results show that the first-order fundamental frequency of the designed support structure
reaches 88 Hz, the change in the laser emission-receiving optical axis caused by installation is approximately 8.5 prad, and the change
before and after mechanical vibration is 30 prad. The thermo-optic test shows that the optical axis stability is 8.5 prad between the
high- and low-temperature boundaries. The designed support structure can satisfy the requirements of laser altimeter. The design

ideas and test results in this study provide a reference for the design of similar type of laser load on satellites.
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