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Symbolic Generation of Dynamic Equations and
Modeling of a Parallel Robot
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Abstract

A computer program for automatic deriving the symbolic equations of motion for robots using
the programming language MATHEMATICA has been developed. The program, developed
based on the Lagrange formalism, is applicable to the closed chain robots as well as the open
chain robots. The closed chains are virtually cut open, and the kinematics and dynamics of the
virtual open chain robot are analyzed. The constraints are applied to the virtually cut joints. As
a result, the spatial closed chain robot can be considered as a tree structured open chain robot
with kinematic constraints. The topology of tree structured open chain robot is described by a
FATHER array. The FATHER array of a link indicates the link that is connected in the direction
of base link. The constraints are represented by Lagrange multipliers. The parallel robot,
DELTA, having three—dimensional closed chains is modeled and simulated to illustrate the

approach.
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Input : (

1. Homogeneous transformation matrics between two adjacent fink
frames from base link to end-effectors

2. FATHER array

3. Gravity vector

4. Pseudo inertia matrix

5. Each joint type{active or passive / revolute or prismatic or spherical)

]

Using input 1 and 2, concatenate homogeneous transformation matrics
to find the total transformation that relate each fink to base link

]

Compute the coefficients in equation(1)

to form matrices A , B, C, G in equation(2)
D, for i<j
Dy for j< kand i<k

l

Compute T in equation(2) with
q= [‘II ‘h"'q.]

44 = [ Gz G- Gidn Gy -+ o+ Gu-rdi]

§=[4q g @)

Any passive joint?

Compute Lagrange multiplier , in equation(5) {

l

Eliminate Lagrange multiplier A l

and compute active torque 7, in equation(6)

STOP e

Fig. 1 Flow chart
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Table 1 Definitions of kinematic parameters for DELTA robot

Parameter Definition
RA Distance between the absolute origin O and the actuator axis
RB Distance between the end-effector and the nearer side of a parallelogram
R; Length of an arm
R, Length of a parallelogram
Rs Distance between the center of the end-effector and the center of the travelling plate
a Joint variable of i-th arm, refered to the base plate plane
The angles between the i-th parallelogram plane and the i-th arm, measured in a
A vertical plane which contains i-th arm
7i The angles between the i-th vertical arm plane and a rod of parallelogram i
X, Y, Z, The end-effector center coordinates
ROLL Angular displacement of the gripper refered to the x axis
O The intersection of the i-th actuator axis and its arm
B The point of contact between the travelling plate and the i-th parallelogram
Ci The i-th arm’s endpoint
A" The center of the travelling plate
W The end-effector center point
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Table 2 FATHER array for robots in Fig. 5

i | FATHER()
i | FATHER()

0 -1
0 -1

1 0
1 0

2 1
2 1

3 2
3 2

4 1
4 3

5 3

(a) Serially connected (b) Tree structured

T(0] = IdentityMatrix[4]:
for( i=1: 1< number of links: i++ ){
Tli] = Alil:
index = FATHER[i]:
while( Index < 0 )}{
T[i] = Alindex] x T[i]:
index = FATHER| index]:

Fig. 6 Pseudo code for homogeneous transformation
matrix with respect to the base link

Fig. 7 Open structured DELTA robot by virtually cut
joints
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Table 3 FATHER array for DELTA robot

i | FATHER()
0 -1
1 0
2 1
3 2
4 0
5 4
6 5
7 0
8 7
9 8
10 3

DELTA & %9 34
FATHER
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Table 4 DELTA robot parmeters for ADAMS

simulation
Ri | Im | Ry | ImJ R, | Im
R, 0 R; 0 Rs 0 M, |10kg
Ra 2m Re 2m Rg m
o

1 \<' Jointt, Jointd, Joint7

ANGULAR DISPLACEMENT (degree)

0 0125 025 04375 05 0625 075 0875 1
TIME (sec)

Fig. 8 Joint angular displacement for the vertical

motion
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