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In summary, the Newton-Euler equations of motion consist of a set of forward
and backward recursive equations. They are Egs. (3.3-28), (3.3-29), (3.3—35)(’3‘
(3.3-39), and (3.343) to (3.345) and are listed in Table 3.2. For the forward
recursive equations, linear velocity and acceleration, angular velocity and accelera-
tion of each individual link, are propagated from the base reference system to the

bost fo 28 on each link are computed recursively from the end-effector to the base reference
L' P system. Hence, the forward equations propagate kinematics information of each
A" 50\\"' link from the base reference frame to the hand, while the backward equations com-
q
. pute the necessary torques/forces for each joint from the hand to the base refer-
05 ‘\;V‘ "br ence system.
vA [ [ XN \
LL‘L\*W\' ' . . .
o~ Table 3.2 Recursive Newton-Euler equations of motion
9 of v ‘a(/\-"\)— Forward equations: /= 1,2,...,n Vi Wiz j'.,‘,g;:f,; Antju\\:a.r
UJ yehorti¥s o7 —;Er-tmt L
et o (= . b
c o Wi+ Zi_1g; if link i is rotational T Wl bese
( & o= 1 e enttes ot PORSS
\9 ‘J) L Q i if link / is translational ox | P TE Q\C“!,_“J“,qn
¢ X0 . ) . ‘
é 0\\, i) + Ziagi + wio1 X (Zi-1g)) if link 7 is rotational
oY ia =
&0( v Gi=) if link 7 is translational
<0 (([\\f""‘j v, = o e S A N s
\ G X p¥ + @ X (w; X p¥) + Vi, if link i is rotational ;
Vi = 4 G + & X pF+ 20 X (Zi-1Gi) :
\ + w; X (w; X pF) + vi_, if link 7 is translational
P - — p— . -
a = w XS + w X ((.l),‘ X S,‘) + v; .3'—5__'57 B ,,,4.\}-!““'
Backward equations: { = n, n—1,...,1 T A ,LI'D,-* f!;-l <, _\,..M-,'a’”‘::)
Fi = m3; ¢1/:',-|.{.‘+C)i’\P o
N,' = I,'Ll.)“ + w; X (I,'OJ,')
fi=F + fiy,
n = n + pF X By + (pF+5) X B+ N
[ nz,_| + big; if link { is rotational
TP =

end-effector. For the backward recursive equations, the torques and forces exerted

1 flz;._, + big; if link i is translational
where b; is the viscous damping coefficient for joint i.

The *“‘usual” initial conditions are wy = @y = Vo = 0 and Vo = (g, &y, g.)7 (to include
gravity), where (g| = 9.8062 m/s?.
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