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ABSTRACT

In this paper, an efficient and accurate formulation for the transient analysis of constrained
multibody systems is presented. The formulation employs Kane's method along with the null
space method Kane's method reduces the dimension of equations of motion by using partial
velocity matrix: it can improve the efficiency of the formulation. Furthermore, the formulation
partitions the coefficient matrix of linear and nonlinear equations into several sub-matrices
using kinematic uncoupling. This can solve the equations more efficiently. The proposed
formulation can be used to perform dynamic analysis of systems which can be partitioned into
several sub-systems such as train systems. One numerical example is given to demonstrate the
efficiency and accuracy of the formulation, and another numerical example is given to show its
application to the train systems.
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Fig. 1 Graphical representation of the kinematically
uncoupled system
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Table 1 Inertia properties and Initial conditions

[nertia properties
milkg] 50 | Jilkgm) 25
mafkg) 30 | Jikgm] 1.5
mulkg] 40 | Lfkgm] 20
ma{kg] 50 | Jikgm) 2.0
Inertial conditions
(.. y){m], G.[deg] (0.433, 0.250), 30.0
(xz, y2)im), B deg] (1.078,0.712), 45.0
(xs, y2)[m], B[deg] (0.283, 1.283), 45.0
(x. yo)[m), O deg] (0.766, 1.912), 60.0
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Fig. 3 Graphical representation of the kinematically uncoupied
system
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Tabie 2 Inertia properties of exampla !

Mass Moment of inertia[kgm |
(kg] s P I'=
1 2446.00 1645,00 2593.00 3068.00
2 2048.00 1030.00 110.00 1030.00
3 2048.00 1030.00 110.00 1030.00
4 10.00 10.0 10.0 10.0
5 10.00 10.0 10.0 100
6 10.00 10.0 10.0 100
7 10.00 10.0 10.0 10.0
Table 3 Initial valuas of example 1
-— ri[m] v mi/sec]
e @ [rad)
: (4.750, 0.0000, 0.732) (10.000, 0.000. 0.000)
(0.000, 0.000, 0.000, 1.000) (0.000, 0.000, 0.000)
; (3.250, 0.000 0.632) (10.000, 0.000, 0.000)
(0.000, 0.000, 0.000, 1.000) (0.000, 21.739, 0.000)
N (6.250, 0.000, 0.632) (10.000, 0.000, 0.000)
(0.000, 0.000, 0.000, 1.000) (0.000, 21.739. 0.000)
; (3.250, 1.000, 0.632) (10.000, 0.000, 0.000)
(0.000, 0.000, 0.000, 1.000) (0.000, 0.000, 0.000)
& (3.250, -1.000, 0.632) (10.000, 0.000, 0.000)
(0.000, 0.000, 0.000, 1.000) (0.000, 0.000, 0.000)
. (6.250, 1.000, 0.632) (10.000, 0.000, 0.000)
(0.000, 0.000, 0.000, 1.000) (0.000, 0.000, 0.000)
. (6.250, -1.000, 0.632) (10.000, 0.000, 0.000)
(0.000, 0.000, 0.000, 1.000) (0.000, 0.000, 0.000)
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Table 4 1st suspension (bushing element)

N i j 5,[m] 5[m)
body body
I 5 2 (-0.1,0.0,0.0) (16,190, 0.1)
2 5 2 (0.1,0.0,00) (-1.4,10,0.1)
3 6 3 1 (-0.1,0.0,0.0) (-16,-1.0,-0.1)
4 6 2 | (0.1,0.0.0.0) (-1.4,-1.0,-0.1)
5 7 2 (0.1, 0.0, 0.0) (1.4,1.0,-0.1)
6 7 2 (0.1,0.0,0.0) (1.6.1.0.-0.1)
7 8 2 (-0.1,0.0, 0.0) (14,10, 0.1)
8 3 2 (0.1,0.0,0.0) (1.6,-1.0, 0.1)
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