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Motivation:
The controller is simpler and more effective 1f the known properties of the

arm are incorporated in the design stage.



Robot Arm Model with friction and disturbances

M(q)i+V(g,q) + F(4) +G(q) + ra =T,
with g the joint variable n-vector and t the n-vector of generalized forces.
M(q) is the inertia matrix, V(q, @) the Coriolis/centripetal vector, and G(g)
the gravity vector. We have added a friction term

F(q) = Fyg+ Fy
with F, the coefficient matrix of viscous friction and F; a dynamic friction
term. Also added is a disturbance t; which could represent, for instance, any
inaccurately modeled dynamics.

M(q)§+ N(q,4) +1a =,

where
N(q,9) =V(g,9) + F(¢) + G(q)

represents nonlinear terms.



TABLE 2.3-1 The Rgbot Equation and its Properties
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Example 1. Structure and Bounds for Two-Link Planar Arm Model
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m; + m,) a} + m,a% + 2m,a,a, cos 6,

m,a; + m,a,a, cos 6, m,a}

These manipulator dynamics are in the standard form
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a. Bounds on the Intertia Matrix

wmax ( ,MHI‘)"I/VI#«//

| M| + (M j

nma) ||

Due < ’u‘l'b/i/a)f/,,/,

S

I/‘/’”' (m“"m"}al ‘r M;Q»‘l’ ZW;Q;QL oL

My | & Mot vad, 2,

lWhu\, M\.u“‘k “ M(7)“ < u'_"b
Tm‘lq‘v



b. Bounds on the Centripetal Term
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c. Bounds on the Friction Term /l), / u:’
7 [
[a=Ka gn(), ka=d [k
[‘ Fal < 1l Foill, + 1 /-A//
/‘)"'“'/l‘l/ T /Fwax/

(¢

)



d. Bounds on the Gravity and Disturbance Terms
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N/ . o .
é The Robot Function Parameter@

Y = [(m, + my)a} + mya3 + 2m,a,a, cos 9,0, + [m,a% + m,a,a, cos 6,6,

- mza],az(Zé,é2 + ég) sin 8, + (m, + m,)ga, cos 0, + m,ga, cos (8, + 0,)
+v,8, + k, sgn (6,)
T, = [m,a} + m,a,a, cos 6,16, + m,a20, + m,a,a, é{ sin 6,

+ m,ga, cos (6, + 6,) + vzéz + k, sgn (éz).

= m,
7 = W whave ¥ = M».?
1X| be 6XI, k
|
1 W Wi Wiy wiy wg vy [ kv .|
Vl
T" W' W, W, W, Wie W ¢
J o ,**‘Vvléx/

Wy = 0\?9: + G a9,

Wn, = (a: +q‘1’+) ﬂ.qb [0$9t)9‘ + (Q:'l'a, Q,,[’59~ l§~y



W; - ‘?“ (90)
' -

W\\[n = 9

Wit = 8

We = 0

1-' - ‘
W 1 é[ ' ad, C’}Qz e
aw ‘ |
-(" é ‘(‘ Ol\u‘l- 90 Clho

t6)
+\7K)CO}(0+ 2

W;} =0



