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Dynamic Modeling Method of Parallel Robot with Flexible Moving Platform
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School of Mechanical Engineering, Tianjin University of Technology, Tianjin 300384, China
2. National Demonstration Center for Experimental Mechanical and Electrical Engineering
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Abstract; In order to solve the coupling problem of a spatial rigid-flexible parallel robot with flexible
moving platform, a high-order flexible triangular thick plate element and its continuity constraints were
proposed based on the Bézier triangle and absolute nodal coordinate formulation ( ANCF ). The
deformation of the platform was divided by the element and its effects on dynamics were analyzed. The
robotic dynamics was established by natural coordinate formulation (NCF) and ANCF. The second-order
gradients of the fourth area coordinate were introduced to describe the element deformation in thickness.
Besides, the Poisson locking problem was solved accordingly. The Lagrange dynamics equations were
solved via the generalized-o method and the Newton’ s method. The statics and dynamics models of the
system were simulated. The results showed that the periodic concave deformation of the moving platform
had an impact on the spatial posture of the robot which was exactly consistent with the mechanism layout,
mass and load distribution. The coupling mode between the rigid components and flexible moving platform
conformed to the nonlinear characteristics of multibody dynamics. The trajectory error was less than
1.2 x10 " mm. The errors of dynamics and constraint equations were less than the preset thresholds of
10 ° and 10 ™", which met the requirements of engineering applications. Meanwhile, the validity and
versatility of the method were verified by comparative analysis based on different system parameters.
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B W A8 5 IF AL A WP i 5 19 M (R
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0.006 m, N YJ B 42 r =0.09 m, #iPh B E =
6.9 x 10° Pa, JAMA L v =0. 35 8°F- &4 54k m, =6 kg,
FERTEFahom P, HaRYBsing ]
P gk p, =01,

F1 NRBEVNBRAVESH
Tab.1 Physical parameters of rigid-flexible robot

lan
P ¥t
BT 1 BT 2 BT 3 EIR )
Fidit/kg 0.8 0.3 0.6 0.5
K/ m 0.375 0.09 0.815
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Fig. 11  Deformation and posture of platform

RGBT SR A IR A LR U A 12a 12¢ BT
N o HerR WK T R A e 3 B B A i (5 AE 1 B
WY, T2 3 o B ) 78 A DU AR o P A, JHG e L B



426 &l #Hl

L

2023 4

TES 3 308k, O - 19.93 Nemy fie/MEH BULAESS 1 52
B, —5. 89 N~ m i v B8 B 1A B (78 AL B2 0 ~F- 3
B ORAE H BAES 3 506k, -9.87°

0.3

FABIFE/C)
2 o

|
=2

|
—_
o

it [R)/s
(©)

P12 R ) 06y AR b R o 2

Fig. 12 Actuated joint variables and their differences
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Fig. 15 Deformation and posture of platform
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at different moments
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Fig. 17 Normal strains at center point of three layers of flexible moving platform
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Fig. 18 Actuated joint variables of rigid-flexible coupling system
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Fig. 19 Differences of input variables between rigid-flexible coupling system and pure rigid system
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Fig.23  Differences of actuated torques with two modulus
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