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Iterative Calculation Method for Constraint Motion by Extended Newton-Euler Method and
Application for Forward Dynamics

xJ. Nishiguchi, G. Lee, M. Minami and A. Yanou (University of Okayama)

Abstract— This paper proposes iterative calculation method for representing constraint motion of robot manipulator
utilizing inverse dynamic calculation of Newton-Euler method, solving method of forward dynamics problem. This
method has a merit that enables us to calculate forward dynamics recursively with no use of explicit representation
of equation of motion. Then, we applied this method to 3-link manipulator and evaluated its validity by numerical

simulations.
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Fig. 1: n-link manipulator
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Fig. 2: 3-link manipulator (initial angle)
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Fig. 4: Hand position and joint angle (ii)

gbobooboobooooboboobooboboon
ooooOoooooobooOOboooooooooooo
gbobooooooobobobooooo

gboobodabooobobooboobuobodabda
00000 200000000000000DO0DOO
uboboooodoboboobobooboboooo
ooo

gooo
1) M. Brady, J. M. Hollerbach, T. L. Johnson, T. Lozano-Perez

and M. T. Mason: Robot motion: planning and control,
51/71, The MIT Press (1982)

2) W.W. Hooker, G. Margulies: The dynamical attitude equa-

3)

4)

5)

6)

7

8)

tions for an n-body satellite, J. astronaut Sci., Vol. 12,
123/128 (1965)

Stepanenko, Yu. and Vukobratovic, M.: Dynamics of ar-
ticulated open-chain active mechanisms, Mathematical Bio-
sciences, \ol. 28, Iss. 1/2, 137/170 (1976)

D. E. Orin, R. B. McGhee, M. Vucobratovic, and G. Har-
toch: Kinematic and Kinetic Analysis of Open-Chain Link-
ages Utilizing Newton-Euler Methods, Mathematical Bio-
sciences, \Vol. 43, No. 1/2, 107/130 (1979)

J. Y. S. Luh, M. W. Walker, and R. P. C. Paul: On-line
Computational Scheme for Mechanical Manipulator, Trans.
ASME J. Dynam. Syst.,, Meas. Contr., Vol. 102, 69/76
(1980)

M. W. Walker and D. E. Orin: Efficient dynamic com-
puter simulation of robotic mechanisms, ASME Journal
of Dynamic Systems, Measurement and Control, Vol. 104,
205/211 (1982)

Y. Huang and C. S. G. Lee: Generalization of Newton-Euler
formulation of dynamic equations to nonrigid manipulators,
in American Conference Control, 72/77 (1987)

o0 oo,0b0oo0b0oooooodoooboooog
gooooo—0ooooooobocooooooooo
ooooooooo— 000000000, Vol.18, No.3,

435/443 (2000)

Angle [rad]

Angle [rad]

Angle [rad]

Angle [rad]

Angle [rad]

Position [ml

Time [sec]

2 1
qz
1 ,,,,,,,,,,\5::,‘,::,' Lo Ittt
qi” 105
0k L . 7
. i i)
1 T\\ 2 4 ‘\6 8 10O é
ol T 3 g
o
- {-05
_3 L AT T T e e e e
q1
-4 -1
Time [secl

o
o

[=]

o
Position [ml

=]
o

Time [secl

2 1
q2
L "‘q3 05
0~ =2 T4 6 8 10 o
-1 — 0 3
ol N e Sz | 2
q e e 1 -05
3 ,,,,,,,,, 1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
-4 1
Time [sec]

2 1
a2
Lo N / a3 s
0 - "' T— L i 'TE?
L 4 =
L2 4 6 8 10 <
-1 7 < P 0 :E
) "771‘1"777"777"777"777"77737 7777777777 2
>--_____________: 05
3 |
q1
-4 1

Time [sec]
Fig. 9: Hand position and joint angle (vii)



