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Fig.1 3D-1-RRR

a. Velocity Propagation
Angular Velocity
Fori =0,

0 cl s1 0770 0 0
'wi=§RWo+[ 0 [=[=s1 ¢1 0O[[0|+[Of=]0

0, 0 0 11100 04 0,4
Fori=1,

01 [c2 0 —s27710 0 —s26,
2w, =2Rw,+ Q]=[52 0 —c2] 01+]|0|=[-c20,

.1 Lo 1 0 116, 6, 6,




Fori =2,

071 [¢3 —s3 07[-s261] o7 [-s236
3W3=§R2W2+ 0]=|:S3 c3 0] _C291 + 0 = _ngél
05 0 0 1 0, 03 6, + 65
Fori =3,
01 1L o o —52391 0 —52391
‘ws=4R3ws+ 0]=[0 1 0] —c236, [ +]0] = [-c236,
oI Lo 0 1ljg,+46,] 10 6, + 03
3W3=4W4
Linear Velocity
Fori=1,
¢l s1 07¢([0 0 0
1V1 =(1)R{0W0X0P1+0Vo}= —s1 ¢c1 O 0|+ 1]0l;=10
0 0 11\o 0 0
Fori= 2,
[c2 0 —s27([0 0 0
2V2 :%R{1W1X1P2+1V1}= s2 0 —c2 O +10(¢ =10
0 1 0 16, 0 0
Fori =3,
3 —s3 07([-s2:] 2 2530,
3V_o,=§R{2W2><2P3,+2V2}= s3 c3 0 —C291 +10 = 12C392
0 0 1 0, 0 12¢26,
b. Jacobian Matrix
| es36, [0 253 07
[‘*m] _ | 13c236,; + 12c26, |13¢23 + 12¢2 0 0 él
. = . = — 2
Wy —5236, | s23 0 0 [l6
—c236, | —c23 0 OJ ’
. . 0 1 1
0, + 05

Thus, we will get the jacobian matrix, that is



[ 0 (253 0 1
0 [13+12c3 13
4 = [3¢c23 + 12c2 0 0
B —523 0 0
l —c23 0 0 l
|- 0 1 1 J
Singularities:
0 L,Ss 0
det(J) = 0 leads to 0 L,C3 + Ly L3| = 0. Solving it gives three singularities which are
LyCy + L3Cys 0 0

05 = 0°, 8; = 180°, and the location where L,C, + L3C53 = 0.
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a. Velocity Propagation
Angular Velocity

Fori =3,

40)4 = gR 3(&)3 +

Fori =4,

Fori=>5,
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Fig.2 3D-4-RRR
0 C, S, 0101 [0 0
0, o0 o0 1llo A 04
0 s56,
*ws = 3R *wy +| 0| =|c56,
O, .



0 CoS56s — Ses
6(1)6 = gR 40)4 + 0 = _55560.4 - C60.5
06 Cs04 + 6
Linear Velocity
From 'v; = ;_[R("w;_y x "'P; 4+ 7y ), we have

dr (6556 — S5C66,)

—dr(65C6 + 55560,)
TVT —
0

b. Jacobian Matrix

—S556d; —Cédy 0
—S5C6d;  S6d; 0
o 0 0
| ssc —Ss 0
~S:Se  —C; 0

1]




3D-5-RRRP

(S>> >
/’\ TN Y

(
(

]

_
=

N

Fig.3 3D-5-RRRP

a. Velocity Propagation
Angular Velocity

Fori =0,
0

0
A

1(1)1 = éR 0(1)0 +

-8



Fori=1,

0 0
20)2 == %R 10)1 + O = . O .
0, 6, +6,
Fori= 2,
0 0
3(4)3 = %R 2(1)2 + 0 = . 0 . = 4-(1-)41.
01 16, + 6, + 6,
From

i ipfi-1 i—1 i-1
v = i {R("wig x TP+ )

We can get
Fori=1
wy=[0 0 0]"
Fori=2
v, = [L,S,6, L,C,6, 0]"
Fori=3
L | @aSes + LaS3)61 + LS50,
V3 = [(L1Cy3 + L,C3)0; + L,C50,
0
Fori=4

(LS5 + L353)6; + L,S36,
v, = (L1Cy3 + LyC3)0, + L C30,
_d,

b. Jacobian Matrix



_L1523 + LzSg L253
LICZ3 + LzC3 L2C3
0 0

0 0
0 0
1 1
Singularities:

det( *J) = 0 leads to S, = 0, which means 6, = 0°, or 8, = 180°.
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