CHAPTER 5

5—1 Suppose a. = distance from joint 2 to o, and a. = length of link 1.
Then o, = (zc,yYec, 2.)T where
Xc = aicy + acci2

Yc = @181 +acci2

z. = 0.
Also

— — T
zo = z; = (0,0,1)
oo = (0,0,0)T

_ T
o. = (aje; + accy2,a181 + acs21,0)

0; = (0161,0151,0)T

Zo X (0. — 00) = (—@a18; — acs12,a1¢1 + accy2,0)T

z; X (0, —01) = (—a.s12,a.¢12,0)7.

Therefore
[—a181 —a1s12 —a.s;2 07
aicy + acci acciz O
0 0 0
J = 0 0 0
0 0 0
| 1 1 1]

5—2 Since all 3 joints are revolute,

Ju = {ZO X (03 - 00) zZ; X (03 - 01) Zy X (03 - 02)]

azcice az2¢ic2 + azcica3
0o =03 =(0,0,0)T; o0, = : =
0 1 » 0, i O2 = | @281€2 | ; O3 = | @a281€2 +azsicy3
a8 Q282 + azSa3
0 51 S1
2o=|0|; zZ1=|—c1|; 2zZ2=|—-c1
1 0 0
Therefore
—a281€2 — a381C23 —ci(azs2 + azsicas)
zo X (03 —00) = | azeicy + azcicas ;21 X (03 —01) = —si(azs2 + azs23) | ;
0 azcy + azcCa3
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—a3C1523

z; X (03 - 02) = | —agsiS23
asca3
and hence
—a981C2 — A3S1C23 —A282€1 — A3823C1 —G3C1823
Jip = agcC1Cy + a3zciCa3 —a928182 — A381S23 —A351823
0 agC2 -+ a3Ca3 a3Ca23

which agrees with (5.3.14). Next,

det Ji1 = (—azs1¢2 — 0381023)[(03023)(—028182 — agsySa3) + azsys23(azes + ascas)|—
(azeic + 0301023)[(03023)(—028261 — azsa3cy) + ascisez(agzes + 03623)]

2 2 2 2
alaz(sycacay — s23cs) + agaz(sacyy — §23€2C23)

2 2
—Qa9a3€283 — a2a43€2353

= —(12(1333((1,2C2 -+ a3c23).

Og = 0] 01 = (O,O,dl)T; Og = (O,O,dl)T; O3 = (—d232c1,—-d23231,d1 + dng)T
zo = (0,0,1)T; zy = (s1,—¢1,0)T; 2y = (—s2¢1, —8281,¢2)T

Zo X (03 - Oo) = (Slszdz, clsgdz,O)T
=

zZ; X (03 —01) —c1cady, 3162d2,52d2)T-

Therefore
rs152dy —cicods —82€1 ]
c182dz  S1c2dy  —S38)
_ 0 82d2 Co
J = 0 S1 0
0 —Ci 0
L 1 0 o |

From (5.3.18) the singularities are given by ajas — azaz = 0. From (5.3.19) we have

Q104 — Q3 = (—0181 - 02312)(01612) + (a1312)(0101 + 02612)

= 0382.

which agrees with (5.3.20).

From Figure 3-7

00 = (0,0,0)T; 03 = (—das1,dse1,0)T
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20 = (0,0,1)T; z; =(0,0,1)T; 2z = (—s1,¢1,0)7

'—c1d3 0 —81
—slds 0 Cc1
J = ZoX(Os—-Oo) 21 22| __ 0 1 0
= Zo o 0| | o o0 o
0 0 O
L 1 o o |
Therefore
—'Clds 0 —38
det | —dzs; O c1 = C%ds + S%da = d3 # 0.

0 1 O

For cartesian manipulator, all joints are prismatic and hence

F0 0 17
0 1 0
_ %o 2z 22| _ |1 0 O )
J—[O o O}_ 0 0 0 , which has rank 3.
0 0 O
lo 0 ol
J = [‘Ila sJS]
where
——dy- ~ Cldz T [ €182 ]
dz sldz S182
0 |. _ | =s1dy —c1d: | | ] ez
Jl — 0 ' J2 - —s1 ) J3 = 0
0 C1 0
L1 | L 0 | L 0
[ s152(dz — 03,2) + c2(dy — 03y)
—c181(d; — 03;) + ¢c2(dz — 03z)
Jy = —C1C284 — S81C4
—81€284 + €14
L S984

(—s16284 + c1¢4)(dz — 032) — s254(dy — 03y)
(—cicas4 + s1¢4)(dz — 032) + s254(dz — 032)

J5 — (—016284 - S]_C4)(dy - OSy) + (810284 - C]_C4)(dz - 03:)
—C1€284 — 81€C4

—81C284 + c1C4

L 8284
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(s1¢2€455 + 15485 + 8182¢5)(dy — 03y) + (s2¢455 — cac5)(dy — 03y)
"(01026435 — 818455 015265)(dz - Oaz) + (320485 - CZCS)(d:: - 03:)

Jo = (c1e2e485 — s18485 + c182¢5)(dy — 03y) — (S1€2¢485 + €15485 + s152¢5)(dy — 03z)
€1€2€455 — S18485 + €152C5

$1C2C4S5 + €15455 + 5152C5

L —8§2€4S85 1 C2C5

where

O = (d:z:a dy, dz)T

03z c152d3 — s1d;
03 = |03y | = | s182d3 + ¢1d3
032 c2ds
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