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An Efficient Multibody Dynamic Algorithm Using Independent Coordinates
Set and Modified Velocity Transformation Method
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Abstract

Many literatures, so far, have concentrated on approaches employing dependent coordinates set resulting
in computational burden of constraint forces, which is needless in many cases. Some researchers developed
methods to remove or calculate it efficiently. But systematic generation of the motion equation using
independent coordinates set by Kane's equation is possible for any closed loop system.. Independent velocity
transformation method builds the smallest size of motion equation, but needs practically more complicated
code implementation. In this study, dependent velocity matrix is systematically transformed into independent
one using dependent-independent transformation matrix of each body group, and then motion equation free of
constraint force is constructed. This method is compared with the other approach by counting the number of
multiplications for car model with 15 d.o.f..
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Fig. 1 Transformation between adjacent frames
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Table 1. No. of multiplication in each kinematic step

Process No. of multiplication*

R 27Nb”

d,c,p 9(Nb~ +Nb+Np~)

i 3n+6Nb~

w.U 9n

|4 Nb ¢ Np p

60 T (NRQ); + 3 (NRQ)! ]

k=1 k=1

Yo Vg 3NRQ +15NRB~

Yv:¥p +12Nb~ +18(Nb + Np)

1 45Nb

n : No. of total coordinates

Nb : No. of bodies

Np : No. of constrained points

NRQ :No. of total rotational coordinates
NRQ, : No. of lower rotational coordinates

*: No. of multiplication to calculate ' expression in
Eq. (4)~ Eq. (7) is excluded
-‘Indicates no. of corresponding base body
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k=1
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Table 2 = 2 (17), 4 (18), 4(19)& ]85}
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Table 2. No. of multiplication to construct system eq.

Process No. of multiplication
M Nb
D [3NLQ; +3(NLQ; +)NLQ, /2
i=1
+9NRQ, +3(NRQ, +1NRQ, 12}
f Nb
> [27+3(NLQ; + NRQ,)]
i=1

NLQ; : No. of lower coordinates of body i
NRQ; : No. of lower rotational coordinates of body i
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