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Fig.1 Overall structure of space electro—optical tracking and pointing turntable
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Fig. 2 Mechanical model of the Bushing element
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Fig.4 Relative displacement of inner—outer rings under the combined action of radial, axial and moment loads
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Fig.8 Finite element model of space electro—optical tracking and pointing turntable
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Table 1 Bearing stiffness calculation results

k., /(N-mm ') k. /(N-mm ") ko gy /(N-mm/") ks /(N-mm/®)
Azimuth shafting 2.5X10° 1.1Xx10° — —
Left-pitching shafting 1.6X10° 70 000 5.1x 107 —
Right-pitching shafting 30 000 300 0 0
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Fig.9 Modal test of space electro—optical tracking and pointing turntable
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Table 2 The first six natural frequencies of modal test

Mode Nature frequency/Hz Modal shape
1 44.1 Rotate around pitching shafting
2 66.5 Swing back and forth
3 67.4 Swing left and right
4 106.7 Rotate around azimuth shafting
5 174.8 Local modal
6 186.5 Swing up and down

(a) Mode 1 (c) Mode 3
—ri— L '
A
i =
4 %;i\ ,g< 3
(d) Mode 4 (f) Mode 6

H10 EASKBpw6MkiA
Fig. 10 The first six mode shapes of modal test
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Table 3 Modal test setting

Working conditions
No.

Azimuth locking devices Pitching locking devices
1 Unlocked Unlocked
2 Unlocked Locked
3 Locked Locked

0712002-7



23 ETESRBHBEARESHIHR
2.3.1 AR 4h A R PR

TG 1 AT B ML R fi B, Ol R B 2R R A el e A L el ORFACD 3 90 0 e DR e R A0 e B Y R =
B g TR D' L 510 38 8 RFAND il % B I 28 81 A A0, AR A T 00 1 25 2R 308 A &, =4 X 10° N-mm /7, 1K
55 0 ARk 4.

&4 N H R R E PHR
Table 4 Stiffness identification of pitching shafting

Mode shape Rotate around pitching shafting
Working conditions 1
Test/Hz 32.7
Simulation/Hz 33.5
Relative error/ % 2.4
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Table 5 Stiffness identification of azimuthal shafting

Mode shape Swing left and right Swing back and forth Rotate around azimuth shafting
Working conditions 1
Test/Hz 42.4 58 40.1
Simulation/Hz 43 58.4 39.2
Relative error/ % 1.4 0.6 2.2

2.3.3 AR ALK R PEIR
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Table 6 Stiffness identification of pitching locking devices

Mode shape Swing back and forth Swing left and right Rotate around pitching shafting
Working conditions 2
Test/Hz 61.2 46.6 40.6
Simulation/Hz 61.8 46.3 414
Relative error/ % 0.9 0.6 1.9

2.3.4 AL AR R L PEIR
B0 3 e T 00 2 B FE AL, J7 07 B HUAG &b T8 BOIR A, Bk o3 B 07 7 B AW EE o 4 T (60 B R A G
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Table 7 Stiffness identification of azimuth locking devices

Mode shape Swing left and right Swing back and forth Swing up and down
Working conditions 3
Test/Hz 67.4 66.5 186.5
Simulation/Hz 68.8 66.9 184.8
Relative error/ % 2.0 0.6 0.9

T8 o BEIR T  M AR S BRI  e AA5 3] £ Bushing BT RIS BE 40 2 8
%8 & Bushing 8 TR

Table 8 The stiffness coefficient of each Bushing elements

Stiffness
k,/ ky/ k./ kg / kg, / k. /
(N-mm™") (N-mm™") (N-mm™") (N-mm/*) (N-mm/*) (N+-mm/*)
Azimuth shafting 2.5X10° 2.5X10° 1.1X10° 2.5X 107 4.5X107 5.5X10°

Left-pitching shafting 1.6X10° 1.6X10° 70 000 5.1X 107 5.1X 107 4X10°
Rightt-pitching shafting 30 000 30 000 300 0 0 0
Pitching locking devices 50 000 50 000 30 000 0 3x107 3107
Azimuth locking devices 15 000 15 000 25000 0 0 0

43911 K% F Bushing 80X 8 5% AL A 1 il 28 S A0S (475 1 1), 5% FH MIPC .00 B 5% AL ) A il 2 26 20l
BT 2) R H MPC 3T 3 400 S ALY %5 80 A8, Spring 570 X il 22 % AR AR (15 1 3) L5 0 B J ik 56 45
XS A 9o

F9 HESHBEAHERMLL

Table 9 Comparison of nature frequency between simulation and modal test

Modal shape Modal Test Simulation 1 Simulation 2 Simulation 3
Nature frequency/Hz

Rotate around pitching shafting 44.1 44.7 43.4 34.7
Swing back and forth 66.5 67.9 85.1 73.4
Swing left and right 67.4 69.1 96.2 78.4
Rotate around azimuth shafting 106.7 110.1 135.4 127.8
Local modal 174.8 167.7 190.4 143.6
Swing up and down 186.5 184 .4 368.9 201.9

X EE L 3 0 A0 45 5 AT 45 Bushing 50 45 A% 5L B VE B Sz R 25 4 2 25 0 18 T AR 5 4k 240 DC i
JE L, W TR o 5 B2 v il T MIPC B0 50 45 AT 5K BILRS Rl 2% i 32 B2 0o O, 4% I T A 00 3 2 g T
AR AR U 5 Uy O A0 bR 4 Sl B [ A A i 22 R AR R L AR L T L 2, D5 L 3 TR
Z R H Spring HLITAF U, % B [ A R A — R FEAL, BEAE — 2 R b R M EE AR S A B S A A
B 45 R B 2%
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Fig.11 The first six mode shapes by modal test
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Table 10 Test condition of 0.2 g swept-sine vibration test

Orientation Frequency/Hz Vibration level (g) Tolerance
<25Hz,+0.5Hz
>25Hz, +2%

X,Y,Z 5~200 0.2(4 oct*min ")

FAA R I o 157 fh 2k AN ] 13 B, 556 275 o Bushing G RUAT BR G/ A 45 SR 5t He an e 11, 3058 45 R 5 05
FLAE R —B0ME R S KA 22 0 5.1 %0, A6 1R 25 Fe R A3 il PN, B0 0F 17 328 322 3505 07 W 38 R 2 40 A A0 oA A 2

FEHCE N R XY Z = A 320 ) A R R R R L R ) iR AR AR R e R B B A R SRR e S
B, WOE E BHLE H S 0.02, SRS 1 Hz, $E47 18 0 07 45 43T, 38 3k 9 8 4552 BELJE il 3, o kb o ) o 4k
4 I 7 45 SR 5 06 45 SRV B, 25 2 B AR S B JE B 80 0.015, 3 B B S BHJE B 800 0.01, 6 B LA BHLJE 250k
0.005, 0 A Fe 245 H B BELJE 250, 17 B 538 50 25 5 % Fe n ¢ 12,35 56 w17 iy £ 45 407 250w 7 ply 48 6F BE 4 5] 14
FIF7R o
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Fig.12 Measurement points in swept—sine vibration test
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Fig.13 0.2 g swept—sine vibration test curve

F11 02¢HAFIKBERRHERE

Table 11 0.2 g swept-sine vibration test results and simulation errors

Mode Test/Hz Simulation/Hz Relative error/ %
1 47.1 44.7 5.3
2 69.9 67.9 2.8
3 71.2 69.1 2.9
4 111.3 110.1 1.1
5 165 167.7 1.6
6 193.2 184.4 4.6

F12 EEMERREHIR
Table 12 Modal damping coefficient identification

Orientation MAX response point Mode Test response/g  Simulation response/g Relative errors/ %
X Ay 2 3.68 3.56 3.2
Y A, 3 4.39 4.38 0.2
A Ay 6 3.19 3.09 3.1
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Fig.14 The response curves comparison of test with simulation
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Abstract: The space electro—optical tracking and pointing turntable is a kind of space photoelectric payload,
which is used to realize the stability of the optical axis and the tracking of the target in the space
environment. In the process of launching, the turntable must endure many harsh mechanical environments
such as vibration and shock, therefore, its dynamic characteristics directly determine the reliability of the
turntable. When we use finite element method to analyze the dynamic characteristics, a finite element
model that can accurately reflect the stiffness and damping characteristics of the turntable is the key to the
analysis. The stiffness of the connected parts in the turntable, such as bearings and locking devices, has a
great influence on the stiffness characteristics of the overall structure. In the current research, there is a
distortion problem in the finite element modeling of bearings and locking devices.

Aiming at this problem, this paper proposes an equivalent modeling method for bearing and locking
devices by using generalized spring elements (bushing) , which represents the behavior of a flexible
connection or joint that allows translational and rotational movement. The translational degrees of freedom
allow movement along the X, Y, and Z axes, representing the linear displacements in those directions, the
rotational degrees of freedom allow rotation around the X, Y, and Z axes. We analyze the bearings and
locking devices under dynamic load, establish their mechanical models, and define the significance of the
Bushing elements stiffness matrix parameters. Then we simplify the structure of turntable, complete the
equivalent modeling for shafting and locking devices by using Bushing elements, establish the finite
element model of the turntable. Afterwards, we calculate a partial of bearing stiffness parameters based on
Hertz contact theory. The remaining bearing stiffness parameters and all locking devices stiffness
parameters that can not be theoretically calculated are obtained by parameter identification based on modal
test data. Due to the stiffness of the bearings and locking devices decoupled from each other, we set up
three different working conditions of modal test to obtain them. We use condition 1 (all locking devices:
unlocked) to obtain the stiffness parameters of azimuth shafting and pitching shafting, condition 2 (azimuth
locking devices: unlocked; pitching locking device: locked) to obtain the stiffness parameters of pitching
locking device, and condition 3 (all locking devices: locked) to obtain the stiffness parameters of azimuth
locking devices. Based on the obtained stiffness parameters, modal analysis is performed, the maximum
relative error in natural frequencies between simulation and test is 5.1% , within the allowable margin.
Finally, since the damping in the turntable system is a frequency—dependent damping, the constant
damping used in traditional finite element analysis does not reflect real damping characteristics, we define
damping characteristics of turntable by using modal damping. Modal damping is a frequency—dependent
type of damping in finite element analysis, and suppresses responses by defining damping to each mode
shape. Because of the superposition principle of damping effect, we use the maximum response of the X,
Y, and Z directions in the 0.2 g swept—sine vibration test to identification the modal damping based on the
constant damping of 0.02. Based on the obtained modal damping, harmonic response analysis is
performed, the maximum relative error in the maximum responses of the X, Y, and Z directions between
simulation and test is 3.2% , within the allowable margin. Hence the stiffness and damping parameters
analysis of turntable is accurate, and the dynamic characteristics analysis is accurate.

The results show that the method of using Bushing elements to model the bearing and locking devices
equivalently can reflect the dynamic characteristics of the turntable more accurately than traditional
modeling methods, and the methods of obtaining the stiffness and damping characteristics through
theoretical calculation and parameter identification are feasible. It has a certain reference effect on the
modeling and simulation of the same type of turntable.
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