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Abstract: The stiffness characteristics of fixation mechanisms of a space robotic arm show nonlinear, and it
should be processed in linearity by equivalence method in the dynamic analysis on the whole-system. A method
based on six-dimensional stiffness equivalence for linearizing fixation mechanisms was proposed and related
analysis and tests were performed as well. A nonlinear model of a single preloaded fixation mechanism was
created and corresponding stiffness information of the fixation mechanism was acquired through nonlinear
analyses. Then the above information was offered to BUSH elements to simulate the fixation mechanism. The
modal analysis and frequency response of whole model for the robotic arm was carried out. The results indicate
that the first three natural frequencies of the whole system are 89 Hz, 92 Hz, 96 Hz and the maximum relative
error between analysis results and test results is 3%. Moreover, the frequency response analysis results of different
components are consistent with that of the test results and maximum relative error is 8%, which verify the
effectiveness of the above method. The method takes the coupling of stiffness in different directions into account
and avoids processing the contact surfaces of the fixation mechanisms one by one, showing a stronger practical
engineering value.
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Fig. 1 Diagram of robotic arm in launch configuration
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Fig. 2 Modeling method of robotic arm
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Fig. 3 Diagram of fixation mechanism
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Fig. 4 Diagram of fixation mechanism
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Fig. 5 Axial displacement of fixation mechanism with external
loads
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Fig. 7 Diagram of robotic arm system
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Fig. 11 Third-order mode shape of robotic arm
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