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Vibration Suppression During Operation of Mechanical Arm with Two Degrees of

Freedom Based on Input Shaping Method
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(1.Department of Aeronautics and Astronautics, Fudan University, Shanghai 200433, China;
2.Shanghai Aerospace System Engineering Institute, Shanghai 201109, China)

Abstract: The input shaping method is a shaping approach applied to the external load function based on the
vibration features of structures so as to achieve the effect of vibration suppression. In this paper, a mechanical arm with
two degrees of freedom constructed by three links and two joints is illustrated as an example. The (inverse) kinematics
of this mechanical arm and the input shaping method are deduced in detail. The route and the input shaping function are
designed. The dynamic responses after input shaping are compared with the analytical results based on inverse
kinematics. The results reveal that the input shaping method can effectively suppress the vibration induced by the
operation of mechanical arm with two degrees of freedom. The method can be extended to the mechanical arm with
seven degrees of freedom, has direct reference significance for the end vibration suppression to the large mechanical
arms with obvious flexible characteristics of the space station, and has the application prospect of fine on-orbit control
for the manipulation of robots with large flexible structures.
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Fig.1 Schematic diagram of the mechanical arm with two

degrees of freedom
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Fig. 2 Multiple solutions for the inverse kinematics of the

mechanical arm with two degrees of freedom
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Fig.3 Mechanical arm with two degrees of freedom for

input shaping validation test

BRAR S E Y, b0 B AL B AR AR 0 B R
Sh A5 a4 TR iﬂlﬁﬁ@m%%%jﬁ 1000 Hz,
KHEERE4s, 5% R 6 Hz9 2 By
Butterworth @ U ¥ . TS50 09 H B A7E T X 1
iy A& TE X MUABURE 32 47 4 3l i 1 i 2R S IR O L

.05 L I I I I I I
0 05 1.0 15 2025 3035 40
IR / s

El4 EWMZER A BIREHm K
Fig.4 Free vibration response of a heavy object after

perturbation
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Fig.5 FFT results of the acceleration responses
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Fig. 6 Operation route of the mechanical arm
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Fig. 7 Route design results in Cartesian coordinate
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Fig.8 Functions of routes and rotation angles of joints

after input shaping
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Fig.9 Effects of vibration suppression to the routes by the

input shaping method in Cartesian coordinates
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