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Abstract: Spaceborne two-dimensional turntable is an important part of the laser communication pointing
structure and one of the key components affecting the performance of the satellite-based equipment, which
requires reasonable structural design and correct stiffness analysis, and the correctness of the design analysis is
verified by comparing the test results with the simulation results. Firstly, the structural form of spaceborne two-
dimensional turntable was introduced, two structural form of pendulum mirror assembly was compared and
analyzed based on Isight integration and optimization method, the stiffness design of the U-shaped frame and
shaft system was completed. Then, finite element modeling of the two-dimensional turntable was conducted and
the spring unit equivalent modeling of the bearing was focused on. Finally, the stiffness analysis and test
verification of the spaceborne two-dimensional turntable were carried out. The error between the natural

frequency of the two-dimensional turntable in the X, Y, and Z directions of the simulation calculation and the test
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result was within 6%, indicating that the equivalent spring unit can accurately simulate the mechanical
characteristics of the bearing joint. The dynamics test of the two-dimensional turntable shows that the mass
constraint and stiffness requirements of the two-dimensional turntable are ensured, the structural stiffness of each

component part is reasonably designed, and the mechanical resistance of the two-dimensional turntable meets the

mission requirements of laser communication.
Key words: spaceborne two-dimensional turntable;

mechanical test
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Fig.1 Structure form of two-dimensional turntable
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Tab.1 Design requirements of two-dimensional

turntable
Parameter Index
Clear aperture/mm 183x220
Total weight/kg <12
Resonant frequency/Hz >120

RMSgGray < 4/30

Surface precision RMSTemp < 4/40

Horizontal tracking range/(°) 0-300
Vertical tracking range/(°) 45+5
Operating temperature/°C 20+5
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Fig.2 Overall structure of spaceborne two-dimensional turntable
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Fig.3 Schematic diagram of part components of the optical machine
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Fig.4 Two kinds of lightweight tip-tilt mirror assembly models
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Tab.2 Structural material properties of hole tip-tilt

mirror assembly

Material Density/g'em™  Young's modulus/GPa  Poisson's ratio

SiC 321 446 0.21
Invar 7.98 141 0.3
TC4 4.45 117 0.33
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(a) Schematic diagram of the design variable of the rectangular hole
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Fig.5 Schematic of design variables of two back lightweight form tip-tilt

mirrors
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Tab.3 Design variables and optimal results

Variables Domain Result- [ Result- 1T
F, [2,5] 2.1 2.0
H, [3,7] 55 6.9
S, [2,6] 32 23
Ry [2,6] 5.9 5.4
Ry [2,6] 2.6 3.8
Ry [2,6] 4.0 2.1
Ry [2,6] 3.4 22
R;s [2,6] 3.4 -
Ry [2,6] 32 -
hy [-7,-3] -2.1 -5
hy [-15,-8] -8.1 -
Iy [-20,-10] -183 -10.4
hy [-28,—20] -26.7 -26.4

Freq, - 355 408
RMSy - 1.793 0.175
RMS, - 10.62 6.603
RMS s - 0.33 12
Mass - 0.95 1.2
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Tab.4 Analysis results of three different U-shaped

frame materials

Modal
Material Mass/kg
Ist 2nd 3rd
LY12 1.598 446 696 806
AZ4AIM 1.010 430 675 795
TC4 2.628 439 689 798

LRI fe i, — BB 25 ol 446 Hz, 3 H B B 78 14 0] 78
R, 1.598 kg; K4 4 (TC4) AR F K, i
FLE A A A AT AR, aniEl 7 R, ik — 2, X

RO MR U JESR I T 430 #r, ZEUT & A7 1) Y ) 5
FInEE EE L3 9 g fEFF, F KN S 78 U TEHL 6,
4 133 MPa, R4 & MR8 JE I B O 420 MPa,
GERG R 7376/ T L AR AR B, U T2 48 45 b o B v 2 1
K.

Contour plot 1:1
Element stresses (2D & 3D) (vonMises) Subcase 2 (Grav-Y): Static analysis: Frame 0
Analysis system
Simple average
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9.300x10°2

No result
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Fig.7 Stress response nephogram of the U-shape structure
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Fig.8 Shafting structure design section
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Fig.10 Simplified local finite element model of angular contact ball

bearing
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Tab.5 Angular contact bearing and deep groove ball

bearing stiffness calculation results

Stiffness/N-mm

Name

K, K,
71802 4.579 9% 10* 3.084 4% 10°
61802 - 2.570 7% 10°
71908 2.3673x 103 7.509 3% 103
61902 - 3.1043x10°
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Fig.11 Finite element model of two-dimensional turntable
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Tab.6 Modal analysis results of two-dimensional

turntable
Orientation Frequency/Hz Mode description Modal shape
X 115.5 Vibration along X axis Fig.12(a)
Y 235.8 Rotate around X axis Fig.12(b)
V4 369.8 Rotate around Z-axis Fig.12(c)

Subcase 1 (mode):
Mode 1-F=1.155 316x10?
Eigen mode (Mag)

Subcase 1 (mode):
Mode 2-F=2.357 947x1(?
Eigen mode (Mag)

Subcase 1 (mode):
Mode 3-F=3.694 158x1(?
Eigen mode (Mag)

(a) X [a] PR
(a) Nephogram of X aixs

(b) Y [ 4R%Y
(b) Nephogram of Y aixs

(OVAEE =
(c¢) Nephogram of Z aixs

B 12 — 4t G RRIE

Fig.12 Mode diagram of two-dimensional turntable
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Fig.13 Mechanics test of two-dimensional turntable
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Tab.7 Mechanics test results and simulation errors of two-dimensional turntable

Orientation Experiment FEA Relative error
X 111.9 115.5 3.6%
Y 222.74 235.8 5.9%
VA 351.3 369.8 5.3%
38019 ¢ Sweep frequency curve
1+r Tnput4 ()
X=111.89 Hz, Y=0.869 3 g
0.1 Fp==
0.01
0001 6 H . [2000 Hz
10 100 1000 2 000 Hz

Target (/) High interruption (/) @ Input 1 (f) @ Input4 (f)

High alarm (/') @ Low interruption () & Input2 (f) & Input5 (f)

@ Low alarm (/) @ Control (f) ® Input 3 (f) @ Input 6 (1)

Bl 14 X [T 15l 2k
Fig.14 Sweep frequency curve of the direction of X'
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