Introduction to Robotics (CS225A) Handout #05

(Spring 2007-08)
Solution Set #1

1. Solution by Khatib’s method (Explicit Form), with ¢; = 61, ¢2 = 0, and ¢3 = 03.

The equations of motion for this manipulator is,
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(a) Forward Kinematics

ci2s3 —S123 0 Lyicy + Lacia + Lacyos

: S19s C19: 0 Lisy+ Lasia + L3sia:

oET _ ?T%T%T%T _ 123 123 151 2512 35123
0 0 1 0
0 0 0 1

(b) Jacobian matrix
—L1s1 — Lasip — L3sia3  —Losio — L3sia3  —L3si23

J(©) = Lycy + Laciga + L3cias Lycia + Lacios L3cio3
1 1 1

(¢) Kinetic energy matrix

M(©) =myJL Ju, + JL Iy +madl Ju, + JL I de, +mady Ju, + I8 L5,

1

r1c1 Licy +racio Lici + Lacia + 13¢123
0 0 0
Pci=| ms1 |, "Pca=| Lisi+1ras12 |, "Pos = | Lisi + Lasia + 1735123
0 0 0
—T181 0 0 7L181 — 712812 —T2S812 0
Jo=1 ma 0 0|, J,= Lici +rac12 1212 0
0 0 0 0 0 0
—Lyisy — Las12 —r3s123 —L2s12 — 138123 —T35123
Jus = Licy + Lacia + 13¢123 Locia +1r3c123 T3C123
0 0 0
CY‘IM 0 0
CiT. Ci o
I = 0 Iy, 0 fori=1,2,3.
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mi1 Mi2 Mi3
M(©) = | ma1 ma2 mo3
m31 M32 M33

mi1 = mlr% + Cllzzl + mQ(T% + L% + 2L1T’262) + C2Iz22
+m3(r§ + L% + L% —+ 2(L1L202 + L17"3023 + LQTgCg)) + C3IZZ3
miz = ma(r3 + Liracy) + 21, + ms(r? + L3 + LiLaca + Lirscas + 2Lorscs) + 1.,
mis = mg(r3 + Lirscos + Larses) + 21,
mo1 = Mi2
Moo = ’ITLQ’I"% + C2]ZZ2 + mg(T’g + L% + 2L2’I"363) + C3IZZ3
mag = ms(r} 4+ Lorscs) + %2 1.,
m31 = mi3
M32 = Ma3
mas3 = mari + 1,

Coriolis matrix
2b112 2b113 2b123
B(©) = | 2ba12 2bz13  2b223
2b312 20313 2b323

—2(maoLirasy + mgLy(Lasa + 13523)) —2mg(Lirsses + Lorsss) —2mg(Lirsses + Lorsss)
= 0 —2m3L2r353 —2m3L2’I"383
2m3L27’353 0 0

Centrifugal matrix

bi11 bia2  biss
C(©) = | bai1 b2z bass
b311  b3a2  bas3

0 —moLyresy —maLi(Lasy 4+ 1r3s23) —mg(Lirsses + Lorsss)
= | moLirese +msLi(Lass + 13523) 0 —maLarsss
mg(L1rgsas + Lar3ss) m3Lor3ss 0

Gravity matrix with g = [0 g 0]7.

—(marier + ma(Licr + raci2) + ms(Lici + Lacia + r3ci23))g
G(©) = —(m1J;, g+m2JUT2g+m3J3;g) = —(maraci2 + ma(Laciz + r3cies))g
—m3r3ci23g



