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Precision analysis of repeated expansion of solar wing end with clearance hinge

QIU Xuesong, LI Zhuo,SHANG Kuo,QIAO Guoyong

(School of Mechanical Engineering, Yanshan University , Qinhuangdao 066004, Hebei, China)

Abstract: To improve the accuracy of repeated deployment and positioning of solar panel, a solar panel repeatable
expandable mechanism was developed. The expandable mechanism adopts the principle of internal staggered
transmission of tether to realize the synchronous and repeated deployment function of the secondary windsurfing
board, and adopts two horizontal and vertical arrangements to adapt to different deployment conditions of the solar
windsurfing board. Based on engineering reality, two factors, hinge gap and windsurfing flexibility, were introduced
to establish a dynamic model of expandable solar windsurfing, and simulation and numerical analysis were
performed. The analysis results show that the accuracy of the terminal pose of solar sails decreases with the increase
of hinge clearance, while the flexibility directly leads to the error in the expansion of solar sails. However, when the
two are coupled, the effect of clearance on the accuracy of terminal pose can be compensated. The developed
prototype of the expandable mechanism was used to test the solar wing deployment performance and the accuracy of
repeated deployment positioning. The experimental results verified rational design of the hinge joint clearance, and
the coupling effect of the flexibility of windsurfing and hinge clearance can compensate for the windsurfing
repeatedly deployed end position error. Reasonably matching the two factors within the allowable error range can
make the hinge gap value have a larger desirable range, which is beneficial for improving the positioning accuracy
of the mechanism.
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Fig.1 Schematic diagram of solar wing expansion
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Fig.3  Joint space vector representation
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Fig.5 Hinge clearance vector coordinate system
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Tab.1 Hinge clearance errors and distribution
L il 2 L6 o3 A el 2% L6 o A
0.1 0.000 1 1.1 0.553 0
0.2 0.001 9 1.2 0.643 4
0.3 0.009 3 1.3 0.723 6
0.4 0.027 1 1.4 0.791 7
0.5 0.060 1 1.5 0.847 2
0.6 0.110 9 1.6 0.890 9
0.7 0.179 6 1.7 0.924 0
0.8 0.263 4 1.8 0.948 4
0.9 0.357 6 1.9 0.965 8
1.0 0.456 1 2.0 0.977 9
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Fig.6  Distribution curves of hinge clearance and solar wing end

error
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Fig.7  Relation between clearance size and terminal pose of

panel
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Tab.2  Terminal position parameters of solar wing when it

expands to operating position mm

Bk F MR A B 07 P WP AR i 37

[ B x il y ah « il ¥ i
0 16349902 891.976 8 1635.000 0  892.000 O
0.05 1 634.926 4 891.943 0 1634912 3 891.886 2
0.10 1 634.870 3 891.867 6 1634.788 1 891.756 4
0.20 1 634.8214 891.6123 1 634.697 2 891.424 3
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Tab.3  Terminal position parameters of solar wing when it is

folded to standby position mm

Bk FEME MU S o7 7 R U A S 7 75

I x fh y il x il y il

0.0 193.044 3 799.921 6 193.000 0 800.000 0

0.05 193.045 0 799.903 6 193.071 0 800.031 4

0.10 193.055 5 799.859 6 193.122 4 800.231 6

0.20 193.084 2 799.906 2 193.174 2 799.321 6
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