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Abstract

In this paper, the kinematic and dynamic analyses of spatial complex kinematic chain are studied.
Through the new method both using the set of identification numbers and applying the Denavit-
Hartenberg link representation method to the spatial complex kinematic chain, the kinematic
configuration of the chain is represented. Some link in the part of closed chain being fictitiously
cutted, the complex kinematic chain is transformed to the branched chain. The kinematic
constraint equations are derived from the constraint conditions which the cutted sections of the
link have to satisfy. And the joint variables being partitioned in the independent joint variables
and the dependent joint variables, the dependent variables are calculated from the independent
variables by using the Newton-Raphson iterative method and the pseudoinverse matrix. The
equations of motion are derived under the independent joint variables by using the principle of
virtual work. Algorithms for dynamic analysis are presented and simulations are done to verify
accuracy and efficiency of the algorithms.
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Table 1 Link parameters

Parameter Definition

Angle from the axis x; to the com-
v, mon normal of axis z; with axis z;
( Ua =0)

Distance from the axis x; to the
Ci; common normal of axis z, with axis
(Cn:())
Distance from the axis z; to the axis

z; measured along axis Xx; rotated

measured along axis z;

z; measured along axis z;

aij

Angle from the axis z, to the axis z;;
as measured along axis x; rotated with
Yy

Angle from the common normal of
G axis z; with axis z; to the axis x;
measured along axis z;

Distance from the common normal of
dy; axis z; with axis z;; to the axis x;

measured along axis z;;

Joint indicator with 0 in case of
Sy revolute joint, while 1 in case of
prismatic joint (sg=1—sy)
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Table 2 Characteristic values of inertia

Moment of
Link Mass[kg] inertia[kg - m’]
Crank @ 1000.0 2000.0
Coupler @ 5.0 0.5
Rocker-arm @ 100.0 100.0
Coupler @ 30.0 10.0
Slider ® 50.0 15
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Table 3 Characteristic values of inertia

Link

Mass

Lex

Loy

L.

Crank

0.12

0.0001

0.00001

0.0001

Connecting
rod

0.5

0.004

0.0004

0.004

Slider

20

0.0001

0.0001

0.0001

Unit : Mass[kg], Moment of inertialkg -
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