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Vibration Analysis of the Dynamic Model of Stewart

Platform with Six Degrees of Freedom
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Abstract: In order to improve the control precision of the Stewart platform with 6-DOF, the methods
of mechanical analysis and the rotation matrix were adopted to establish the vibration platform and the Ad-
ams virtual prototype model to obtain the velocity characteristics and the acceleration characteristics. Based
on the model, vibration simulation was processed under the transient motivation, and the displacement,
velocity and acceleration of the upper platform were tested. The results have shown that the response of
the upper platform is small and the biggest displacement appears at 0. 7s and the response can be stable
quickly and the first-order natural frequency is small; the platform has good low frequency characteristics
and has stable response in a wide range of frequencies.
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4 6.002 40 0.428 57 —2.572 50 +5.423 20
5 6.689 30 0.480 59 —3.214 80 +5.866 20

SIBU I W D = Tl o N I [ S
0.572 06 Haz, #1455 mi th & 19 45 A, N 1 o
A LA ST = B 0 B A R A B SR N 4 B AR
BIFIG B A FAE N 6 Hz B W] LLE ) Stewart
7N B BT & Y A AR R A B B IR
AR PE

TR

D 587 T Stewart 75 H B BBV 51012 3
2 N S L 9 DL Adams BOPEES B T A I I 4
PG, NS TIEAES 1N @Hsh i, 47
TR Bl ) A L A5 R R AR SCHE ST ) R
WA - # AL T Stewart 7N H B E R BCOE S 1) TAE

2) Mk —2 ot Stewart 75 B B E B &
1) 8l 77 2% [ Rk 8 ] Adams/ Vibration £, 7E
T BN TR G A GE B A o 5 T
T RGN a7 EL T TR G A E R A
HR I 2 (8] 3 Ay ) A e R . S R B R T3 A
J5 1) e A 4k HoH AR TR 5 M RE S S 4
Bl bl LA ) Stewart 75 A H B IFIBCE 5 19— By
(] A 450 3 A /0N B A A A 1 L AR R L Y
AR B i L B

S % Uk

[1] STEWART D. A platform with six degrees of freedom []].
Proceedings of the Institution of Mechanical Engineers, 1965,
180 371—386.

[2] PREUMONT A, HORODINCA M, ROMANESCU 1, et al.
A six-axis single-stage active vibration isolator based on Stew-
art platform [J]. Journal of Sound and Vibration, 2007, 300
(3): 644—661.

[3] KAMESH D, PANDIYAN R, GHOSAL A. Modeling, de-

(4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

sign and analysis of low frequency platform for attenuating mi-
cro-vibration in spacecraft[ J]. Journal of Sound and Vibra-
tion, 2010, 329(17) . 3431—3450.

AZADI M, FAZELZADEH S A, EGHTESAD M, et al. Vi-
bration suppression and adaptive-robust control of a smart
flexible satellite with three axes maneuvering [J]. Acta Astro-
nautica, 2011, 69(5/6): 307 —322.

E Jia-qiang, QIAN Cheng, LIU Teng, et al. Research on the
vibration characteristics of the new type of passive super static
vibratory platform based on the multi-objective parameter opti-
mization[ J ]. Advances in Mechanical Engineering, 2014,
2014: 1—8.

LOPES A M. Dynamic modeling of a Stewart platform using
the generalized momentum approach [J]. Communications in
Nonlinear Science &. Numerical Simulation, 2009, 14 (8).
3389—3401.

STAICU S. Dynamics of the 6-6 Stewart parallel manipulator
[J]. Robotics and Computer-Integrated Manufacturing, 2011,
27(1): 212—220.

MUKHERJEE P, DASGUPTA B, MALLIK A K. Dynamic
stability index and vibration analysis of a flexible Stewart plat-
form [J]. Journal of Sound and Vibration, 2007, 307(3/5):
495—512.

ZHOU Wan-yong, CHEN Wu-yi, LIU Hua-dong, et al. A
new forward kinematic algorithm for a general Stewart plat-
form[J]. Mechanism and Machine Theory, 2015, 87; 177 —
190.

AFZALI-FFAR B, LIDSTROM P, NILSSON K. Parametric
damped vibrations of Gough-Stewart platforms for symmetric
configurations[ J]. Mechanism and Machine Theory, 2014, 80
(4): 52—69.

ZHAO Yong-jie, QIU Ke, WANG Shuang-xi, et al. Inverse
kinematics and rigid-body dynamics for a three rotational de-
grees of freedom parallel manipulator[J]. Robotics and Com-
puter-Integrated Manufacturing, 2015, 31; 40—50.

HARIB K, SRINIVASAN K. Kinematic and dynamic analysis
of Stewart platform-based machine tool structures[J]. Roboti-
ca, 2003, 21(9): 541—554.

DASGUPTA B, MRUTHYUNJAYA T S. A Newton-Euler
formulation for the inverse dynamics of the Stewart platform
manipulator[ J]. Mechanism and Machine Theory, 1998, 33
(8): 1135—1152.

JI Z M. Dynamics decomposition for Stewart platforms [J].
ASME Journal of Mechanical Design, 1994, 116(1): 67—69.
GENG Z, HAYNES L S, LEE J D, et al. On the dynamic
model and kinematic analysis of a class of Stewart platforms
[J]. Robotics and Autonomous Systems, 1992, 9. 237 —254.
XU Yu-fei, LIAO He, LIU Lei, et al. Modeling and robust
H-infinite control of a novel non-contact ultra-quiet Stewart

spacecraft[J]. Acta Astronautica, 2015, 107; 274—289.



