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and
@,r;SiN(6, - 6;)= —F;cos(6, - 6;) - F, + bcosh, + b,sinG, (2.85)

Fifth Case

Theloop-closure Equation 2.45 is differentiated under the assumption that all param-
eters, except y and B, are time dependent.

i [cosB, sin6]™ r[-sin6;, cos6]™ w,
+r;[cos (6 - 9), sin(6, — Y]T +1;[- sin(6, - ), cos(6 - N]" o, (2.86)

+ fifcos (6~ B), sin(6, — BT +r,[-sin(6, - P), cos(6, — BT @, = [ b, b,]"

Recall that the unknowns in this case are w(t) and r (t). Collect similar termsin the
latter equation.

r.i[COSQi, sing]" +[d, dy]Twi +1;[cos(6, - 7), Sn(6, - vl

o (2.87)
+f,[ coS(6; - ), Sin(6, - B)1'= [by, by]"
where it is denoted
d, = —r;sin6, —r;sin(6; — y) —rysin(6; - B) (2.88)
and
d, = r;cos6, +r;cos(6; - y) +rcos(6; - ) (2.89)

Now the two unknowns can be found in the usual way by identifying the unit vectors
perpendicular to the vectors [cos(6, —7), sin (6, —=y)]™ and [d,,d,]", and premultiplying
Equation 2.87 by these vectors (note that the vector perpendicular to the latter vector
is [-dyu44, d,]7). As aresult, the following expressions are obtained:

(~dysin(6; - V)fdycos(ei - 7))6.0i = —fisiny—rysin(y - B) (2.90)
—bysin(6; - y) + bycos(0; - y)

and

(=dycos(6; — y)+d,sin(6; — y))f; = —r; + (-dycos 6, + d,siné)

S (2.91)
_fk(_dycos(ei - ﬂ) + dXSin(ei - ﬂ)) + (_ dybx + dxby)



